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EGFR AND C-METY FIBRONECTIN TYPE III BOMAIN BINDING MOLECULES

FIELD OF THE INVENTION
The present invention relates to monospecific or bispecific EGER and/or ¢-Met

binding molecules and methods of making and using the molecules.

BACKGROUND OF THE INVENTION

Epidermal growth factor receptor (EGFR, ErbBl or HER1) 15 a transmembrane
glycoprotein of 170 kDDa that is encoded by the c-erbBl proto-oncogene. EGFR isa
member of the homan epidermal growth factor receptor (HER) family of receptor tyrosine
kinases (RTK) which includes HERZ (ErbB2), HER3 (ErbB3) and HER4 (ErbB4). EGFR
signaling is initiated by ligand binding foilowed by induction of conformational change,
homodimerization or heterodimerization of the receptor with other ErbB family mewbers,
and trans-autophosphorylation of the receptor {(Ferguson ef /. Anru Rev Biophys, 37:
353-73, 2008}, which wnitiates a signal transduction cascades that ultimately affects a wide
variety of cellular funcions, inchuding cell profiferation and sorvival, Increases in
expression or kinase activity of EGFR have been Binked with a range of human cancers,
making EGFR an attractive target {or therapeutic inlervention (Mendelsohn e al,
Onecogene 19: 6550-6565, 2000; Griinwald ef o/, ] Natl Cancer Inst 95; 851-67, 2003;
Mendelsohn ef ¢/, Semin Oneol 33: 369-85, 2606). Increases in both the EGFR gene
copy number and protein expression have been associated with favorable responses 1o the
EGFR tyrosine kinase mhibitor, IRESSA™ {gefitinib), in non-small cell lung cancer

(Hirsch ef al,, Amn Oncol 18:752-60, 2007).

EGFR therapies include both small molecules and anti-EGFR antibodies,
approved for treatment of colorectal cancer, pancreatic cancer, head and neck cancer, and
non-small cell lung cancer (NSCLC) (Baselga and Arteaga, J Clin Oncol 23:2445-2459
(20005; Gill et al, J Biol Chem, 259:7755-7760, 1984; Goldstein ef al, Clin Cancer Res,
1:131 1-1318; 1995; Prewstt ef of., Clin Cancer Res, 4:2957-2966,1998),

Efficacy of anti-EGFR therapies may depend on tumor type and EFGR mutation/
ampilification status in the umor. Side effects of current therapeutics may inclade skin
toxicity {De Roock ef @/, Lancet Onecol 11 :753-762, 2010; Linardou et «l, Nat Rev Chin
Oneol, 6: 352-366, 2009; Li and Perez-Soler, Targ Oncol 4: 107-119, 2009). EGFR

tyrosine kinase inhibitors (TKI) are commonly used as 2* line therapies for non small cell
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tung cancer {(NSCLL), but often stop working within twelve months due to resistance

pathways (Riely e /., Clin Cancer Res 12: 839-44, 2006).

c-Met encodes a tyrosine Kinasc receptor. [t was first identified as a proto-oncogene
n 1984 after it was found that treatment with a carcinogen resulted in a constitutively active
fusion proten TPR-MET {Cooper ef ¢l,, Nature 31 1:29-33, 1984). Activation of c-Met by s
ligand hepatocyte growth factor (HGF) stimulates a pletbora of cell processes including
growth, motility, invasion, metastasis, epithelial-mesenchymal transition,
angiogenesis/wound healing, and tissue regeneration (Christensen ef /., Cancer Lett 225:1-
26, 2003; Peters and Adjet, Nat Rev Chin Oncol 9:314-26, 2012}, ¢-Met 1s synthesized as a
single chain protein that is proteolytically cleaved into a 50 kDa alpha- and 140 kDa beta-
subunit linked by a disulphide bond {Ma 7 @/, Cancer and Metastasis Reviews, 22: 309-325,
2003). c-Met is structurally similar to other membrane receptors such as Ron and. The exact
stoichiometry of HGF:c-Met binding is unclear, but it is generally believed that two HGF
molecuies bind to two c-Met molecules leading to receptor dimerization and
autophosphorylation at tyrosines 1230, 1234, and 1235 (Stamos ef al., The EMBO Journal
23:2325-2335, 2004}, Ligand-independent c-Met autophosphorylation can also cccur due to
gene anplification, mutation or receptor over-expression.

c-Met is frequently amplified, mutated or over-expressed I many types of cancer
mchuding gasiric, lung, coloy, breast, bladder, head and neck, ovarian, prostate, thyroid,
pancreatic, and CNS cancers. Missense mutations typically localized to the kinase domain
are commonly found in hereditary papillary renal carcinomas (PRCC) and in 13% of
sporadic PRCCs {(Schmidt er of., Oncogene 18: 2343-2350, 1999}, c-Mel mutations
localized to the semaphorin or juxtamembrane domains of c-Met are {requently found in
gastric, head and neck, liver, ovarian, NSCLC and thyroid cancers {(Ma et o/, Cancer and
Metastasis Reviews, 22: 309-325, 2003; Sakakura et al., Clhromosomes and Cancer, 1999,
24:299-305) . c-Met amplification has been detected in brain, colorectal, gasiric, and fung
cancers, often correlating with discase progression {Ma ef al., Cancer and Metastasis
Reviews, 22: 309-325, 20603). Up to 4% and 20% of non-snuail cell lung cancer (NSCLC)
and gastric cancers, respectively, exhibit e-Met amplification (Sakakura ef ¢/,
Chromosomes and Cancer, 1999, 24:299-305: Sicrra and Tsao, Therapeutic Advances in
Medical Ouncology, 3:521-35, 2¢11). Eveniu the absence of gene amplification, ¢-Met
averexpression s frequently observed 1n lung cancer (Ichiuura ef ¢f, Ipn ¥ Cancer Res,
87:1063-9, 1996}, Morcover, in clinical samples, nearly half of hing adenocarcinomas

exhibited high levels of ¢-Mel and HGF, both of which correlated with enthanced timor



WO 2014/081944 PCT/US2013/071267

growth rate, metastasis and poor prognosis (Sierra and Tsan, Therapeutic Advances in

Medical Ouncology, 3:521-35, 2611; Sicgfried et al., Ann Thorac Surg 66: 1915-8, 1998),

Nearly 60% of all turnors that becorae resistant to EGFR tyrosine kinase inhibitors
increase o-Met expression, amplity ¢-Met, or increase ifs only known ligand, HGF (Turke
ef af., Cancer Cell, 17:77-88, 2810), suggesting the existence of a compensatory pathway
for EGFR through c-Met, ¢-Met amplification was first identified ju coliured cells that
became resistant to gefinilib, an EGFR kinase inhibitor, and exhibited enhanced stpvival
through the Her3 pathway (Engelman ef ol., Science, 316:1639-43, 2007). This was
forther vahidated 1 clinical samples where nine of 43 patients with acqoired resistance to
either erlotimb or gefitinib exhibited c-Met amaplification, compared fo only two of 62
untreated patienis. Four of the nine treated patients also acquired the EGFR activating
muitation, T790M, dem@nstrating simultaneous resistance pathways (Beat et aZ., Proc Natl

Acad SciU S A, 104:20932-7, 2007).

The individual roles of both EGFR and ¢-Met in cancer i1s well established,
making these targets attractive for combination therapy. Both receplors signal through the
same survival and anti-apoptotic pathways (ERK and AKT); thus, inhibiting the pair in
combination may limit the potential for compensatory pathway activation thereby
maproving overall efficacy. Combination therapics targeting EGFR and c-Met are tested
in clinical trials with Tarceva® {erlotinib) in combination with anti-c-Met monovalent
antibody for NSCL (Spigel ef af, 2011 ASCO Annual Mecting Proceedings 2011, Journal
of Clinical Oncology: Chicago, IE. p. 7505) and Tarceva {exlotinib} in corabination with
ARQ-197, a small molecule inhibitor of ¢-Met {Adjei e al., Oncologist, [6:788-99, 201 1},
Combination therapies or bispecific antt-EGFR/c-Met molecules bave been disclosed for
example in: Inl, Pat. Publ. No. WO2008/127710, U.S. Pat. Publ. No. US2009/0042906,
fut. Pat. Publ. No. W(2009/111691, Int. Pat. Publ. No. WO2009/126834, Int. Pat. Publ
No. WOZ010/039248, Int. Pat. Publ. No. WO201(/115551.

urrent syoall molecule and large ranlecule therapeutic approaches to antagounize
EGFR and/or o-Met signaling pathways for therapy may be sub-oplimal due to possible
fack of specificity, potential off-target activity and dose-limiting toxicity that may be
encountered with small molecule inhibitors. Typical bivalent antibodies may result in
clustering of membrane bound receptors and unwanted aclivation of the downstream
signaling pathways. Monovalent antibodies (half arms) pose significant complexity and

cost to the manufacturing process.

(PN
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Accordingly, the need exists for addiional monospecific and bispecific EGFR

and/or o-Met inbibitors for both therapeutic and diagnostic purpose.

SUMMARY OF THE INVENTION

The imvention provides an isolated bispecific FN3 domain containing molecule
coraprising a first fibronectin tvpe I {FN3) domain and a second FN3 domain, wherein
the first FN3 domain specifically binds epidermal growth factor recepior {EGFR) and
blocks binding of epidermal growth factor (EGF} to EGFR, and the second FN3 domain
specifically binds hepatocyte growth faclor receptor {c-Met), and blocks binding of
hepatocyte growth facior (HGFE) to ¢-Met.

The invention also provides an isolated bispecific FN3 domain containing
molecule comprising a first fibronectin type HI (FN3) domain and a second FN3 domain
wherein the first FN3 domain comprises an amino acid sequence at least 37% identical to
the amino acid sequence of SEQ 1D NO: 27, and the second FN3 domain comprises an
araino acid sequence at least 83% identical o the amino acid sequence of SEQ 1D NO: 41,

The invention also provides bispecific EGFR/c-Met binding and monospecific
EGFR or c-Met binding FN3 domain containing mwolecules baving ceriain sequences.

The wvention also provides an isolated Gbrovecto type HE (FN3} domaw that

specifically binds epidermal growth factor receptor (EGFR) and blocks binding of

epidermal growih factor {EGF) to EGFR, wherein the FN3 domain is isolated from a
hibrary designed based on the Tencon amino acid sequence of SEQ (D NO: 1.

The invention also provides an isclated Gbronectin type HE (FN3} domain that
specifically binds hepatocyte growth factor receptor {c-Met) and blocks binding of
hepatocyte growth factor (HGF) to c-Met.

The mvention also provides an isolated polynucleotide encoding the molecule of
the invention. Another aspect of the invention is a vector comprising the polynucleotide
of the invention.

The invention also provides a host cell comprising the vector of the invention

The invention also provides a method of producing a bispecitic molecule,
coraprising culturing the isolated host cell of the jnvention under conditions such that the
hispecific molecule is expressed, and purifying the Jiz,pcuﬁg, molecule.

The imvention also provides a pharmeaccutical compostiion coruprising the

molecule of the inveniion and a pharmaceutically acceptable carrier.
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The invention also provides a method of treating a subject having cancer,
coraprising adraimistering a therapeutically effectve amount of the bispecific EGFR/c-Met
FN3 dorain containing wolecule or the EGFR ar c-Mel binding FN3 domain 1o a patient

1 need thereof for a time sufficient to treat cancer,

BRIEK DESCRIPTION OF THE DRAWINGS

Figure 1A and 1B. Amino acid alignment of the EGFR-binding FN3 domains. The BC and
F(3 loops are boxed at residues 22-28 and 75-86 of SEQ ID NO: 18, Some variants include
thermal stability improving L17A, N46K and E86I substitutions (residue nambering
according to Tencon SEQ 1D NG: 1), P54AR4-83v2Z (SEQ [D NG: 27) paratope
residues are underiimed (D23, F27, Y28, V77, G85 in SEQ I NO: 27).

Figure 2. Sequence aligniment of the Tencon27 scaffold (SEQ 1D NO: 99} and a TCL 14
lihrary {SEQ [D NO: 100} having randoraized C-CD-F-FG aliernative surface. The loop

residies are boxed. Loops and strands are indicated above the sequences.

Figure 3. Sequence aligument of the ¢-Met-bindimg FN3 domains. The C loop and the CD
strand and the F loop and the FG strand are boxed and span residues 29-43 and 65-81.
PII4ARTPOS-AS {SEQ ID NO: 41) paratope residues are underlined (R348, F385, M72S
and 1798).

Figure 4. Inhibition of ¢-Met phosphorylation in H292 cells pre-treated with monospecific
or bispecific FN3 domain containing molecules and stimulated with HGF is shown.
Substaniial increase 10 the potency of the bispecific EGFR/c-Met molecule (ECB1} was
observed when compared o a2 monospecific c-Met-binding FN3 domain (P11 I4ARSP74-AS5,
shown as A5 in the Figure) on ifs own or in combination with an EGFR-binding FN3 domain

(P54AR4-83vZ, shown as 83v2 m the Figure).

Figare 5. Inhibition of EGFR and c-Met phosphorylation in cells pre-treated with
monospecific or bispecific FN3 domain containing molecules. In cell lines expressing
high levels of EGFR, NCI-HZ92 (Figure 5A) and H590 Figure 5(B), anti-EGFR
monospecific and bispecific FN3 domain containing molecules are equally potent at
decreasing EGFR phosphoryiation. In cell lines expressing low levels of EGFR relative to
c-Met, H441 {Figure 5C)}, bispecific EGFR/c-Met molecules improve the potency for
mhbibition of EGFR phosphorylation compared to the monospecific EGFR-binding FN3
domain alone. In cell lines with low levels of ¢-Mei, relative fo EGFR, H292 (Figure 5T

and H596 {Figure S5E), inhibition of ¢-Met phosphorylation is significantly potentiated
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with bispecific EGFR/c-Met raclecule, compared o monospecific c-Mei-binding FN3
domain only. Maolecules used in the study were: bispecific ECBS {(shown as 17-A3 1o the
Figure), monospecific EGFR-binding FN3 doroain P33AIRS-17 (shown as “17” in the
Figure), bispecific EGFR/c-Met molecule ECB3 (shown as 83-HY m the Figure), and

monospecific c-Met binding FN3 domain P1I4ART7PI3-HO (shown as HY in the Figure}.

Figure 6. Pharmacodynanic sigealing i turnors isolated from roice dosed with bispecific
EGFR/e-Met molecules for 6h or 72h. All molecules signmificantly reduced c-Met, EGFR
and ERK phosphorylation at both 6h and 72k, the degree if inhibition was dependent on
the affinity of the FN3 domains io EGFR and/or ¢-Met. Bispecific molecules were
generated by joining EGFR-binding FN3 domain with a high (837 in the Figure is
p54AR4-83v2) or medim (“17v2” in the Figure is PS3AIRS-17v2) affinity to a c-Met-
binding FN3 domain with high (*A3” in the Figure is P114ARTP94-A3) or medium ("AS”

m the Figure 1s P114ARSP74-AS) affinity.

Figare 7: Plasma (top) and tumor (bottom) accumudation of bispecific EGFR/cMet
molecules of variable affinities linked to an albumin binding domain {ABD) are shown 6h
{left) and 72h (right} after IP dosing. Six hours after dosing, tomor accumulation is maximal
m mice dosed with a bispecific molecule harboring a mediam affinity EGFR-binding FN3
domain {17v2) or high aftinity EGFR binding domain {(83v2). The bispecific molecules
meorporaied high or medium affinity EGFR or ¢-Met binding FN3 domains as foliows: 83v2-
AS5-ABD (ECBI8; high/medium for EGFR/cMet) 83vZ-A3-ABD (ECB38; high/high) 17v2-
AS (ECB28; medivnymediun) 17v2-A3-ABD (ECB39; mediunv/high). Inthe figure, 83v2
refers 1o pS4AR4-83v2; 17v2 refers 10 pS3AITRS-17vZ; A3 refers o pl14ARTPO4-A3 and AS
refers to pl14ARSP74-AS.

Figure 8. H292-HGF tunor xenografis were implanied into SCID beige mice. When
tumors reached an average volume of approximately 88 mur’, mice were dosed three times
per week with bispecific EGFR/c-Met molecules {25 mg/kg) or PBS vehicle. All
bigpecific molecules reduced tumor growth, the tumor growth mbibition {TGE) being
dependent on the affinities of the molecules for o-Met and EGFR. (high EGFR-high cMet
refers o pS4AR4-83v2-pl H4ARTPO4-A3 (ECRB38); high EGFR-med cMet refers to
pPS4ARA-83v2-p1 14ARSP74-AS (ECBI8); med EGFR-high cMet refers to pS3ATHS-
17v2-pl14ARTP94-A3 (ECB39); med EGFR-med-cMet refers to pS3AITRS-17-
pl14ARSP74-A 5 (ECB28)).
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Figore 9. H292-HGF turnor senografts were imoplanted iuto SCID beige mice and they
were treated with different therapies. The anti-turnor activity of the therapies is showa.
{bispecific EGFR/c-Met molecule refers to pS4AR4-83v2-pl14ARTP94-A3-ABD
{ECR38y; the other therapies are crizotinib, erlotimb, cetoximab, and the combination of

crizotmb and erfotimb).

DETAILED DESCRIPTION OF THE INVENTION

The term “fibronectin type {1 (FN3} domain” (FN3 domam} as used herein refers
o a domain occurning freguently in proteins including fibronectins, tenasein, mtracelhilar
cytoskeletal proteins, cytokine receptors and prokaryotic enzymes {Bork and Doolittle,
Proc Nat Acad Sci USA 89:8990-8994, 1992; Meinke ef a/., J Bacteriol 175:1910-1918,
1993; Watanabe ef g/, ] Biol Chem 265:13659-15665, 1990}, Exemplary FN3 donwains
are the 15 different FN3 domains present in luman tenascin C, the 15 different FN3
domains present in human fibronectin (FN), and non-natural synthetic FN3 domains as
described for example in U.S. Pat. Publ. No. 2010/6216708.  Individual FN3 domains are
referred to by domain rumber and protein name, ¢.2., the 3™ FN3 domain of tenascin
(TN3}, or the 10™ FN3 domain of fibronectin (FN1D),

The term “substituting” or “substituted” or ‘mutating” or “routated” as used herein
refers to altening, deleting of mserting one or more aminoe acids or mucleotides ina
polypeptide or polynuclectide sequence lo generate 3 variant of thal sequence.

The term “randonpzing” or “randomized” or “diversified” or “diversifyng” as
used herein refers to making at least one substitution, insertion or deletionina
polynucleotide or polypeptide sequence.

“Variant” as used herein refers to a polypeptide or a polynucleotide that differs
from a reference polypeptide or a reference polynucieotide by one or more modifications
for example, substifutions, insertions or deletions.

The term “specifically binds” or “specific binding” as used berein refers to the
ability of the FN3 domain of the invention to bind to a predetermined antigen with a
dissociation constant (Kp) of about 1x10° M or less, for exarple about 1x107 M or less,
about 1x 10 M or Tess, about 13107 M or less, about 1xi 0% M or Jess, about 13107 Mor
less, about 121077 M or less, or aboot 1x107° M or less. Typically the FN3 domain of the

mvention binds to a predetermined antigen {i.c. EGFR or ¢-Met) with a Ky that 1s at least
ten fold less than its Ky for a nonspecific antigen {for example BSA or casein} as

measired by surface plasmon resonance using for example a Proteon Instnuiment (BioRad).

3
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Thus, a bispecific EGFR/c-Met FN3 doruain containing wolecule of the wvention
specifically binds to each EGFR and ¢-Met with a binding affinity (Kp) of at least [x107°
M or less for both EGFR and ¢-Met. The isolated FN3 domain of the wvention that
specifically binds to a predelermined antigen may, however, have cross-reactivity o other
related antigens, for example fo the same predetermined antigen from other species
{homologs}.

>

The term “library” refers 1o a collection of variants. The library may be composed
of polypeptide or polynucleotide variants.

The term "stability™ as used herein refers to the ability of a molecule to maintain a
folded state under physiological conditions such that it retains at least one of ifs normal
functional activities, for exampie, binding to a predetermined antigen such as EGFR or ¢-
Met.

“Epidetual growth factor receptor” or “EGFR” as used here refers to the human
EGFR {also koown as HER-1 or Erb-B1 (Ullrich ef ¢/, Nature 309:418-425, 1984) having
the sequence shown in SEQ ID NO: 73 and in GenBank accession number NP_003219, as
well as natrally-ocourring variants thereof. Such variants inclade the well known
EGEFRVIH and other aliernatively spliced varianis {¢.g., as identified by SwissProt
Accession numbers PO0533-1 {wild type; identical to SEA ID NO: 73 and NP 05219},
PO0533-2 (F404L/L46583),, POGS33-3 (628-76S:

CTGPGLEGCP..GEAPNQALLR - PGNESLKAML.SVHTASSCH and 706-1210
deleted}, PO0S33-4 (C628S and 629-1210 deleted), variants 98, R266, K521, 1874,
(3962, and PYBS (Livingston ef ¢, NIEHS-SNPs, environmental genome project, NIEHS
ES15478), T790M, L8S8R/T790M and del{E746, A750).

“EGFR ligand” as used herein encompasses all (e.g., physiological) ligands for
EGFR, inchuding EGF, TGF-q, heparin binding EGF (HB-EGF), amphiregulin (AR}, and
eprregulin {EPT).

“Epidermal growth factor” (EGF) as used heren refers o the well known 33
amino acid buman EGF baving an amito acid sequence shown in SEQ ID NG: 74.

“Hepatocyte growth factor receplor” or “c-Met” as used herein refers {o the human
c-Met having the amine acid sequence shown 1 SEQ 1D NO: 101 or in GenBank
Accession No: NP_(001120972 and nataral variants thereof.

“Hepatocyie growth factor” (HGF) as vsed herein refers to the well known human
HGF having the amino acid sequence shown in SEQ 1D NO: 102 which 1s cleaved to form

a dimer of an alpha and beta chain linked by a disulfide bond.
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“RBlocks binding” or “inhibits binding”, as used berein interchangeably refers to
the ahility of the FN3 domains of the invention of the bispecific EGFR/c-Met FN3 domain
containing molecule 1o block or whibit binding of the EGFR bigand such as EGF i EGFR
and/or HGF to o-Met, and encompass both partial and complete blocking/inhibition. The
blocking/inhibition of EGFR ligand such as EGF to EGFR and/or HGF o c-Met by the
FN3 domain or the bispecific EGFR/c-Met FN3 domain containing molecule of the
mvention reduces partially or completely the normal level of EGFR signaling and/or c-Met
signaling when compared to the EGFR ligand binding to EGFR and/or HGF binding to ¢-
Met without blocking or inhibition. The FN3 domain or the bispecific EGFR/c-Met FN3
domain containing molecule of the invention “blocks binding” of the EGFR ligand such as
BEGF to EGFR and/or HGF to ¢-Met when the inhibition is at least 30%, 35%, 40%, 45%,
50%, 35%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
¥7%, 98%, 99% or 100% . Inlubition of binding can be rasasured using well known
methods, for example by rueasuring whibition of binding of biotinylated EGF on EGFR
expressing A431 cells exposed o the FN3 domain or the bispecific EGFR/c-Met FN3
domain containing molecule of the tnvention using FACS, and using methods desenbed
herein, or measuring whibition of binding of biotinylated HGYF on ¢-Met extracelhilar
domain using well known methods and methods described berein.

The term “EGFR signaling” refers to signal transduction induced by EGFR ligand
binding to EGFR resulting in autophosphorylation of at least one tyrosine residue in the
EGFR. Anexemplary EGFR ligand is EGF.

“Neutralizes EGFR signaling” as used herein refers to the ability of the FN3
domain of the invention to inhibit EGFR signaling induced by EGFR ligand such as EGF
by at least 30%, 35%, 40%, 45%, 50%, 35%, 60%, 63%, 70%, 75%, 80%, 83

G1%. 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%

The term “c-Met signaling” refers o signal transduction induced hy HGF binding
to ¢-Met resuiting 1o avtophosphorylation of at least one tyrosine residuc ju the o-Met.
Typically at least one tyrosine residuc at positions 1230, 1234, 1235 or 1349 15
autophosphorylated opon HGF binding.

“Neotralizes ¢-Mel signaling” as used herein refers (o the ability of the FN3
domain of the invention to mhibit o-Met signaling induced by HGF by at least 36%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% .

LI INT3

“Uverexpress”, “overexpressed” and “overexpressing” as used herein

mterchangeably refer o a cancer or malignant cell that has measurably higher levels of
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EGFR and/or ¢-Met on the surface compared to a normal cell of the same tissue type.
Such overexpression maay be caused by gene anplification or by increased transcripiion or
translation. BEGFR and/or ¢-Met expression and overexpression can be raeasured using
well know assays using for example ELISA, immuneflocrescence, flow cytometry or
radicimmunoassay on bve or lysed cells. Alternatively, or additionally, levels of EGFR
and/or c-Met-encoding nucleic acid molecules may be measured in the cell for example
using fluorescent in sity hybridization, Southern blotting, or PCR technigues. EGFR
and/or c-Met is overexpressed when the level of EGFR and/or c-Met on the surface of the
cell is at least 1.53-fold higher when compared to the normal celll

“Fencon” as used herein refers io the synthetic fibronectin type TH (FN3) domain

having the sequence shown in SEQ 1D NO: | and described in ULS. Pat. Publ. No.

A “cancer cell” or a “turnor cell” as used berein refers to a cancerous, pre-
cancerous or fransformed cell, either in vivo, ex vivo, and in tissue culture, thai has
spontateous or induced phenotypic changes that do not necessarily twolve the uptake of
new genetic material. Although transformation can anse from infection with a
ransforniing viros and incorporation of new genomic nucleic acid, or uptake of exogenous
micleic acid, it can also anse spontancously or following exposure to a carcinogen, thereby
motating an endogenous gene. Transformation/cancer s exemplified by, e.g.,
morphological changes, immortalization of cells, aberrant growth control, foci formation,
proliferation, malignancy, tumor specific markers levels, invasiveness, tumor growth or
suppression in suitable animal hosts such as nude mice, and the like, in vitro, in vive, and
ex vive {Freshney, Culture of Animal Celis: A Manual of Basic Technique (3rd ed.

19940,

The term “vector” means a polynucleotide capable of being duplicated within a
biclogical systera or that can be moved between such systems. Vector polymicieotides
typically contain elements, such as origins of replication, polyadenylation signal or
selection ruarkers that funciion to facilitate the duplication or mainienance of these
polynucleotides in a biological system. Examples of such biological systems may inchude
a cell, virus, animal, plant, and reconstituted biclogical systems utilizing biclogical
components capable of duplicating a vector. The polynucieotide comprising a vector may
be DINA or RNA molecules or a hybrid of these.

The term “expression vector” means a vector that can be utilized m a biological
system or in a reconstituted biological system to direct the translation of a polypeptide

encoded by a polynucleotide sequence present in the expression vector.

10
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The term “polynuclectide” means a ruclecule comprising a chain of nucleotides
covalently linked by 2 sugar-phosphate backbone or other equivalent covalent chernisiry.
Double and single-stranded DNAs and RNAs are typical examples of polynucleotides.

The term “polypeptide” or “proten” means a molecule that comprises al least two
aming acid residues linked by a peptide bond to form a polypeptide. Small polypeptides
of less than about 58 amino acids may be referred o as “peplides™.

The term “bispecific EGFR/c-Met molecule” or “bispecitic EGFR/c-Met FN3
domain containing molecule” as used herein refers to a molecule comprising an EGFR
binding FN3 domain and a distinet c-Met binding FN3 domain that are covalently linked
together either directly or via a linker. An exemplary bispecific EGFR/c-Met binding
molecuie comprises a first FN3 domain specifically binding EGFR and a second FN3
domain specifically binding ¢-Met.

“Valent” as used herein refers fo the presence of a specified number of binding
sites specific for an antigen 10 a molecule. As such, the terros “monovalent”, “bivalent”,
“leiravalent”, and “hexavalent” refer 1o the presence of one, two, four and six hinding
sites, respectively, specific for an antigen in a molecule.

“Mixture” as used herein refers (o 3 sample or preparation of two or more FN3
domains nol covalently linked together. A mixture may cousist of two or more identical

FN3 domains or distinet FN3 domains.

Compositions of matter

The present invention provides monospecific and bispecific EGFR and/or c-Met
hinding FN3 domain containing molecules. The present invention provides
polynucleotides encoding the FN3 domains of the invention or complementary nucleic

acids thereof, veciors, host ceils, and methods of making and using them.

Monespecific EGFR binding molecnles

The present mvention provides {ibronectin type HE (FN3) domains that bind
specifically to epidermal growth facior receptor (EGFR} and block binding of epidermal
growth facior (EGE} to EGFR, and thus can be widely used 1 therapeutic and diagnostic
applications, The present invention provides polynocleotides encoding the FN3 domains
of the invention or complementary nucleic acids thereof, vectors, host cells, and methods

of making and using them.

it
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The FN3 domains of the juvention bind EGFR with high affinily and iohibit
EGFR signaling, and may provide a benefil in terms of specificity and reduced off-target
toxicity when corapared to small molecule EGFR inhibitors, and improved tissue
penetration when compared to conventional antibody therapeutics.

The imvention also provides an 1solated fibronectin type HE (FMN3) domain that
specifically binds epidermal growth factor receptor (EGFR) and blocks binding of
epidermal growth factor (EGF} to EGFR.

The FN3 domains of the invention described herein may block EGF binding to the
BGFR with an 1Cs, value of less than about 1x16¢7 M, less than about 1x10™ M, less than
about 1x107° M, less than about 1x107° M, less than about 1x107" M, or less than about
X107 M in a competition assay employing A431 cells and detecting amount of
{luorescence fron bound biotinylated EGF using strepiavidin-phycoerythrin conjugate at
600 nM on A43 | cells incubated with or without the FN3 domains of the mvention

xemplary FN3 domains may block EGF binding to the EGFR with an ICsp value between
about 1x 107 M to about 1x1¢7 M, such as EGFR binding FN3 domains having the amino
acid sequence of SEQ 1D NGs: 18-29, 107-110, or 122-137. The FN3 domains of the
mvention may block EGF binding to the EGER by at least 30%, 35%, 40%, 45%, 50%,
Yo, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

3
98%, 99% or 100% when compared to binding of EGF fo the EGFR in the absence of the

FN3 domains of the invention using the same assay conditions.

The FN3 domain of the invention described herein may inhibit EGFR signaling by
at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% when compared to the level of
signaling in the absence of the FIN3 domains of the inveniion using the same assay
conditions.

Rinding of a ligand such as EGF to EGFR stimulaies receptor dimerization,
autopbosphorylation, activation of the receptor’s internal, cytoplasiic tyrosine kinase
domain, and intliation of wultiple signal travsduction and fragsaciivation pathways
wvolved in regulation of DNA synthesis {gene activation) and cell cycle progression or
division. Inhibition of EGFR signaling may result in inhibition 1n one or more EGFR
downstream signaling pathways and therefore neuvtralizing EGFR may have various
effects, incloding inhibition of cell proliferation and differentiation, angiogenesis, cell
motility and metastasis.

EGFR signaling may be measured using various well know methods, for example

measuring the autophosphorylation of the receptor at any of the tyrosines Y1068, Y1148,

12
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and Y1173 (Dowoward ef @l., Nature 311:483-5, 1984} and/or phosphorylation of nataral
or synthetic substrates. Phosphorylation can be detected using well known methods such
as an ELISA assay or a western plot using a phosphotyrosine specific antibody. Exemplary
assays can be found in Panck er ¢f, J Pharmaco! Exp Thera 283:1433-44, 1997 and Batley
ef al., Life Sci 62:143-5¢, 1998, and assays descnibed herein,

In some embodiments deseribed herein, the FN3 domain of the invention inhibits
EGF-induced EGER phosphorylation at EGFR residue position Tyrosine 1173 with an
1Cse value of less than about 2.5x107° M, for example less than about 1x10® \’E less than
about 1x107 M, less than about 1x107 M, less than ahout 1x107 M, less than about 1x167°

M, fess than about 1x107 M, or less than about 1x107° M when measured in A431 cells
using 50 ng/md. human EGF.

In some embodinents described herein, the FN3 domain of the invention inhibits
EGF- induced EGFR phosphorylation at EGFR residue position Tyrosine 1173 with an
1Cso value hetween about 1.8 x 107 M 1o about 2.5 x 10°° M when rueasured in A431 cells
using 50 ng/ml. human EGF. Such exemplary FN3 domains are those baving the amino
acid sequence of SEQ 1D NOs: 18-29, 107-110, or 122-137.

In some embodiments described herein, the FN3 domain of the invention binds
human BGFR with a dissociation constant (Kp) of Tess than about 1x107° M, for example
less than about 12107 M, less than about 1x107 M, less than about 1x10™ M, less than
about 1x107% M, or less than about 11077 M as determined by surface plasmon resonance
or the Kinexa method, as practiced by those of skill in the art. In some embodiments, the
FN3 domain of the invention binds human EGFR with a K of between about 23167 16
about 1x107 M. The affinity of 2 FN3 domain for EGFR can be determined
experimentally using any suitable method. (See, for example, Berrofsky, ef ol
“Antibody-Antigen Interactions,” In Fundamental Immunology, Paul, W, E., Ed., Raven
Press: New York, NY (1984); Kuby, Janis fmmunclogy, W. H. Freeman and Company:
New York, NY {1992); and methods described berein). The measured affinty of a
particular FN3 domain-antigen interaction can vary f measured under different conditions
{¢.g., osmolarity, pH}. Thus, measurements of affimty and other antigen-binding
parameters {e.g., Kp, K, Ko} are preferably made with standardized sohitions of protein
scaffold and antigen, and a slandardized buffer, such as the buffer described herein

Exemplary FN3 domains of the invention that bind EGER include FN3 domains of
SEQ D NOs: 18-29, 107-110, or 122-137.
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In some embediraents described heren, the FN3 domain that specifically binds
EGFR comprises an aming acid sequence al least 87% identical o the amino acid
sequence of SEQ 1D NO: 27.

In some embodiments described herein, the FNG domain that specifically binds
EGFR comprises

an FG loop comprising the sequence HNVYKDTNXRGL (SEQ IDNO: 179 or
the sequence LGSYVFEHDVML (SEQ D NO: 180), wherein Xois M or [ and

a BC loop comprising the sequenice X XX X X5 XXX (SEQ D NO: 181),

wherein

XA T, Gory

X8 A, DY or W

X318 P, Dor N

Xs1s L or absent;

XD, H R G Yo W,
Xsis G, Bor A

X1 ALF, G, Hor I and
Xgis Y, ForL.

The FN3 domains of the invention that specifically bind EGFR and inhibat
autophosphorylation of EGFR ag deseribed herein may comprise as a stnictural feature an
FG loop comprising the sequence HNVYKDTNXRGL (SEQ D NO: 179 or the
sequence LGSYVFEHDVML (SEQ ID NO: 180), wherein X5 is M or |, Such FN3
domains may further comprise a BC loop of 8 or ¥ amino acids in length and defined by
the sequence X XX XaXsXe XX g (SEQ 1D NG: 181} and inhibit EGFR
autophosphorylation with an ¥Cso value of tess than about 2.5x10° M, or with an ICs,
value of between about 1.8x10™ M to about 2.5%10° M when measured in A431 cells
using 50 ng/rol. bumean EGE.

The FN3 domains of the wvention that specifically bind EGFR and whibit

autophosphborylation of EGFR as described herein further comprise the sequence of
LRAPKNLVVSEVTEDSLRLSWX XX XX XXX DSFLIOYQESEKVGEAINLTVP

GSERSYDLTGLKPGTEYTVSIYGVHNVYKDTNGRGLPLSAEFTT (SEQ (D NO:

182}, or the sequence

14
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LPAPKNLVVYSEVTEDSLRLIWX XX XX X X2 DSFLIGYQESEKVGEAINLTVE
GSERSYDLTGLKPGTEVTVSIYGVLGSY VFEHDVMLPLSAEFTT (SEQ ID NO:

183},

wherein
XA, T, Gor I
XisA D Yor W,
X:18 P, Dor N

X4is L or absent;

Xsis D H B G Yo W,
X518 G, Dor A

X8 A F G Hor I
Xzi8 Y, ForkL;and
XKeisMorl

The EGFR binding FN3 domains as described herein can be generated and fesied
for their ability io inhibit EGFR autophosphorylation using well known methods and
methods described herein.

The mmvention also provides an 1solated FN3 domain that specifically binds EGFR,
wherein the FN3 domain comprises the sequence shown in SEQ 1D NQGs: 18-29, 107-110,
122-137 or 194-211.

In some embodiments described herein, the EGFR binding FN3 domains comprise
an inttiator methionine {Met) linked to the N-lerminus or a cysteine {(Cys) linked to a C-
terminus of a particular FN3 domain, for example to facilitate expression and/or
conjugation of halt-life extending molecules.

The invention also provides an isolated fibronectin type HE (FN3) domain that
specifically binds EGFR and blocks binding of EGF fo the EGFR, wherein the FN3
domain 1s isolated from a library designed based on Tencon sequence of SEQ ID NG: 1.

The imvention also provides au isolated fibronectin type HE (FN3) domain that
specifically binds EGFR and blocks binding of EGF to the EGFR, wherein the FN3
domain binds EGFR with one or more amino acid residues corresponding to residues D23,
F27, Y28, V77 and G85 of P54AR4-83v2 (SEQ D NO: 27).

Anunge acid residues contributing to FN3 domain binding to EGFR can be
identified using methods such as mutagenesis and evaluating of binding residues/surface
by crystal structure. Substitutions at residues D23, F27, Y28, V77, 85 in EGFR binding

FN3 domain P34AR4-83v2 (SEQ ID NO: 27) reduced EGFR binding to the FN3 domain

15
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by greater than 100-fold. EGFR-binding FN3 domains P54AR4-48, P54AR4-81,
PS3AIRS-17vZ, P34AR4E-83v22 and P34AR4-83v23 share these residues and can be
expected 1o bind to EGFR with the same paratope residues as PS4AR4-83v2, Other EGFR
binding FN3 domains can be created by holding positions D323, F27, Y28, V77, GBS
constant while changing the amino acids located at the other positions of the BC and FG
loops (positions 24, 25, 75, 76, 78, 79, 80, 81, 82, 83, 84, and 56}, These changes can be
done by design of specific amino acids at specific positions or by incorporation of these
positions into a library that replaces these sites with random amino acids. New FN3
domains designed in such a way can be used 1o screen for or select for optimized

properties such as EGFR binding, solubility, stability, immunogenicity or serum half-life.

Monospecific c-Met binding molecnles

The present invention also provides fibronectin type HE (FN3) domaius that bind
specifically to hepatocyte growth factor receptor {¢c-Met) and block binding of hepatocyie
growth factor (HGF} to o-Met, and thus can be widely used in therapeutic and diagnostic
applications. The present invention provides polymucleotides encoding the FN3 domains
of the nvention or complementary micleic acids thereof, vectors, host cells, and methods
of making and using them.

The FN3 domains of the invention described herein bind e-Met with high affinity
and inhibit c-Met signaling, and may provide a benefit in terms of specificity and reduced
oft-target toxicity when compared o small melecule c-Met inhibitors, and improved tissue
penetration when compared to conventional antibody therapeuatics. The FN3 domains of
the invention are monovalent, therefore preventing unwanted receptor clustering and

activation that may occur with other bivalent molecules

The invention also provides isolated fibronectin type i (FN3) domain that
specifically binds hepatocyte growth factor receptor {c-Met) and blocks binding of
hepatocyte growth factor (HGF) to ¢-Met.

The FN3 domaius of the juvention described herein may block HGF binding 1o ¢-
Met with an ICsq value of Tess than about Ix1¢7 M, less than about 1x10® M, less than
about 1x107° M, less than about 1x107° M, less than about 1x167! ‘\:i or iess than about
121077 M in an assay detecting inhibition of binding of biotinylated HGF 10 o-Met-Fe
fusion protein in the presence of the FN3 domains of the inventon. Exemplary FN3
domains my block HGF binding to the c-Met with an ICsq vahie between about 2x1 070 M
10 about 6x107° M. The FN3 domains of the invention may block HGF binding to ¢c-Met

by at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%,

1)
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1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% when compared o binding of
HGF 1o ¢-Mest 1o the absence of the FN3 domains of the invention using the samce assay
conditions.

The FN3 domain of the invention described herein may mnhibit o-Met signaling by
at least 30%, 35%, 40%, 45%, 58%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 31%,
92%, 93%, 94%, 95%, 36%, 97%, 98%, 89% or 180% when compared to the level of
signah ng in the absence of FN3 domains of the invention using the same assay conditions.

Binding of HGF to ¢-Met stimulates receptor dimerization, autophosphorylation,
activation of the receplor's internal, cytoplasmic tyrosine kinase domain, and initiation of
multiple signal transduction and transactivation pathways involved in regulation of DNA
svuthesis (gene activation) and cell cycle progression or division. Inhibition of ¢-Met
signaling may result in juhibition of one or more c-Met downstream signaling pathways
and therefore neotralizing c-Met maay have vanous effects, jucluding jehibition of cell

roliferation and diffcrentiation, angiogenesis, cell ottty and ractastasis.
c-Met signabing muay be measured using various well know methods, for example

measuring the autophosphorylation of the receptor on at least one tyrosine residues Y1230,
Y1234, Y1235 or Y1349, and/or phosphorylation of natural or synthetic substrates.
Phosphorylation can be detected, for example, using an antibody specific for
phosphotyrosine in an ELISA assay or on a western blot. Assays {or tyrosine kinase
activity (Panek e 2/, J Pharmacol Exp Thera 283:1433-44, 1997; Batley er o/, Life Sci
62:143-50, 1998}, and assays described herein.

In some embodiments described herein, the FN3 domain of the invention inhibits
HGF-induced c-Met phosphorylation at ¢-Met residue position 1349 with an 1Cs; value of

less than about 1x10°° M, less than about %107 M, less than about 1x10™ M, less than

about 1x107 M, less than about 1x107" M, less than about 1x 107 M, or less than about
1x10™" M when raeasured in NCI-H441 cells using 106 ng/mal, recombinant human HGF,

In some embodiments described herein, the FN3 domain of the invention inhibits
HGF-induced ¢-Met phosphorylation at o-Met tyrosine Y1349 with an ICss value between
about 41107 M to about 1 x10° M when measured in NCI-H441 cells using 100 ng/mL
recombinant buman HGF.

In some embodiments deseribed herein, the FN3 domain of the invention binds
homan o-Met with an dissociation constant {Kp) of equal 1o or less than about 1x1¢7 M,
IR1OFM, 1107 M, Ix1079M, Ix1070 M, Ix1079 M, Ix1079 M, 1x107% M, or 1x10°" M as
determined by surface plasmon resonance or the Kinexa method, as practiced by those of

skill in the art. 1 some embodiments, the FN3 domain of the invention binds human ¢-Maet

—
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with a Kp of between about 3x107°M to about Sx10° M. The affinity of a FN3 domain
for ¢-Met can be determined experimentaily using any suitable muethod. (Sce, for example,
Berzofsky, ef al., “Auntibody- Antigen Interactions,” In Fundamental Tmmunology, Paul, W.
£., Bd., Raven Press: New York, NY (1984); Kuby, Janis fmmunology, W, H. Freeman
and Company: New York, NY (1992); and methods described berein). The measored
affinity of a particular FN3 domain-aniigen interachion can vary if measored under
different conditions {¢.g., osmolarity, pH). Thus, measurements of affinity and other
antigen-binding parameters {(e.g., Kp, Ko, Kog) are preferably made with standardized
solutions of protein scatfold and antigen, and a standardized buffer, such as the buffer
described herein.
Excrapiary FN3 domains of the invention thai bind ¢-Met include FN3 donains
having the amino acid sequence of SEQ I NOGs: 32-49, 111-114 or 212-223.
I some ernhodiments described berein, the FN3 domain that specifically binds ¢-
Met comprises an amino acid sequence at least 83% identical to the amino acid sequence
of SEQ 1D NO: 41.
In some embodiments described herein, the FN3 domain that specifically binds o-
Met comprises
a C strand and a CD loop comprising the sequence DSFX JRYXE
KX XX sGX s (SEQ ID NG 184), wherem
Xpis W, ForV;
XpisD, Fork;
XpisV, Fork;
XpisV,Lor T,
XussV,RG L Tory;
Xi518G, S, A TorK; and
Xigis Eor I3 and
a F strand and a FG loop comprising the sequence TEY X, VXX 10X 0V
KGGX, X0, SXo; (SEQ 18 NG 185}, wherein
XY, W. LV, Gor A;
XegisN, T,Qor G;
XogisL, M, Nork
XpisGorS;
XnisS, LG Y, T, R Hork;
Xpish Vork; and
XnisV, T,H,LP, YorL.

18
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The FN3 domains of the wvention that specifically bind ¢-Met and inhibit
autophosphorylation of ¢-Met descuibed herein further comprises the sequence:
LPAPENLVVIRVTEDSARLSWTAPDAAF DEFX o RYXLE XX 13X 12X 56X 6
AIVLTVPGSERSYDLTGLKPGTEY X VX X o Xog VERGGX 2 X0 S X0 PLSAEFTT
{(SEQ ID NG: 186},
wherein

Xeis W, ForV; and
XpisD, Fork,

XpisV, Fork;
XpisV,LorT;
XuaisV,RG, L, Tor§;
Xisis G, 8, A, TorkK;
Xigis Eor D

X8 Y, W, LV, Gor A;
XisisN, T,GorG;
XpisL M, Nork;
XapisGor S;

XS, LG Y, TR HorK;
Xypis L, VorL:and

Xoyis V, T, H, LB, York.

The mvention also provides an isolated FN3 domain that specifically binds c-Met,
wherein the FN3 domain comprises the sequence shown in SEQ ID NQOs: 32-49 o1 111-
114,

The invention also provides an isolated fibronectin type HE (FN3) domain that
specifically binds ¢-Met and blocks binding of HGF to the ¢-Met, wherein the FN3
domain is 1solaled from a library designed based on Tencon sequence of SEQ ID NG: 1.

The invention also provides an isolated fibronectin type HE (FN3) domain that
specifically binds ¢-Met and blocks binding of HGF ¢ ¢c-Met, wherein the FN3 domain
binds c-Met with one or more amino acid residues corresponding to residaes R34, F38,
M72 and 179 in PLI4ARTPOS-AZ (SEQ 1D NO: 41).

Anune acid residues contributing to FN3 domain binding {o ¢-Met can be
wdentified using methods such as mutagenesis and evalaating of binding residues/surface
by crystal structure. Substitutions at residues R348, F38S, M725 and 1795 in the c-Met-
binding FN3 domain P114ARTPYS-A3 (SEQ D NO: 27) reduced c-Met binding to the

FN3 domain by greater than 100-fold. ¢-Met-binding FN3 domains molecules

1%
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PII4ARTP92-F3, PUI4ARTPSS-D3, P I4ARTPO5-F 10 and P1I4ARTPYS-HE share these

restdues and can be cxpected to bind to c-Met with the same paratope residues as

IJ

<

{14ARTPO5-A3. Other c-Met binding FN3 domains can be created by holding positions
R348, F388, M728 and 1795 conslant while changing the amino acids located at the other
positions of the C-strand, F-strand, CD-Loop and/or FG-loops {positions 32, 36, 39, 46,
68, 70, 78, and 81). These changes can be done by design of specific aming acids at
specific positions or by incorporation of these positions into a library that replaces these
sites with random anuno acids. New FN3 domains designed in such a way can be used o
screen for or select for oplimized properties such as c-Met binding, sochubility, stability,

mmmunogenicity, or serum half-life.

Isolation of EGFR or ¢-Met binding FXN3 domains frem a library based on Tencen
sequence

Tencon (SEQ TR NG 1) is a non-naturally occurring fibronectin type T (FN3)
domain designed from a consensus sequence of fifteen FN3 domains from buman
tenascin-C {Jacobs ¢f 2/, Protein Engincering, Design, and Selection, 25:107-117, 2012;
.S, Pat. Publ. No. 2010/6216708). The crystal structhure of Tencon shows six surface-
exposed loops that connect seven bela-strands as 1s characienistic to the FN3 domains, the
beta-strands referred to as A, B, C, B, E, F, and G, and the loops refemred to as AB, BC,
CD, DE, EF, and FG loops (Bork and Doolittle, Proc Natl Acad Sci USA 89:58990-8992,
1992; U.S. Pat. No. 6,673,901). These loops, or selected residues within each loop, can be
randomized in order to construct libraries of fibronectin type 1l (FN3} domains that can be
used 1o select novel molecuies that bind EGFR or c-Met. Table | shows positions and
sequences of each 100.1) and beta-strand in Tencon (SEQ ID NOG: 1.

Library designed based on Tencon sequence may thus have randomized FG loop,
or randomized BC and FG loops, such as Bbraries TCLIE or TCL2 as described below.
The Tencon BC loop is 7 amino acids long, thus 1, 2, 3, 4, 3, 6 or 7 amino acids maay be
randoruized 1 the Ubrary diversified at the BC loop and designed based on Tencon
sequence. The Tencon FG loop is 7 amino acids long, thus 1, 2, 3, 4, 5, 6 or 7 amino acids
may be randomized in the library diversified at the FG loop and designed based on Tencon
sequence. Further diversity at loops in the Tencon bibraries may be achieved by nsertion
and/or deletions of residues at loops. For example, the FG and/or BC loops may be
extended by 1-22 amino acids, or decreased by 1-3 amino acids. The FG loop in Tencon
is 7 amino acids long, whereas the corresponding loop in antibody heavy chains ranges

from 4-28 residues. To provide maximum diversity, the FG loop may be diversified in
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sequence as well as in lengih to comrespond 1o the antibody CDR3 length range of 4-28

residues. For exaraple, the FG loop can further be diversified in length by extending the

[¢]

loop by additional 1, 2, 3, 4 or 5 amino acids.

Library designed based on Tencon sequence may also have randomized aliemative
strfaces that form on a side of the FN3 domain and comprise two or more beta strands,
and at least one loop. One such allernative surface 1s formed by amine acids m the C and
the F beta-strands and the CD and the FG loops (a C-CD-F-FG surface). A library design
based on Tencon alternative C-CD-F-FG surface and is shown in Figure | and detailed
generation of such libraries is described in U.S. Pat. Publ. No. US2013/0226834. Library
designed based on Tencon sequence also includes libraries designed based on Tencon
variants, such as Tencon variants having substituitions at residues positions 11, 14, 17, 37,
46, 73, or 86 {residue numbering corresponding to SEQ 1D NO: 1), and which variants
display improve thermaal stability. Exeroplary Tencon variants are described in US Pat.
Publ. No. 201 1/0274623, and include Tencou27 (SEQ 1D NO: 99) having substitutions
ELIR, L17A, N46V and E861 when compared to Tencon of SEQ D NQO: 1.

Table 1.
FN3 domain Tencon
(SEQID NG 1)
A strand 1-12
AB loop 13-18
B strand 17-21
BC ioop 22-28
C strand 29-37
CD loop 38-43
0 strand 44-50
DE ioop 51-54
E strand 55-59
EF loop 60-04
F strand 85-74
FG loop 75-81
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G strand §2-88

Tencon and oither FN3 sequence based ibraries can be randornuized at chosen
residue positions using a randoro or defined set of amino acids. For exaraple, variants in
the lTibrary having random substitutions can be generaied using NNK codons, which
encode all 20 naturally cccarring amino acids. In other diversification schemes, DVE
codons can be used to encode amino acids Ala, Trp, Tyr, Lys, Thr, Asn, Lys, Ser, Arg,
Asp, Glu, Gly, and Cys. Alternatively, NNS codons can be used to give rise o all 20
amino acid residues and simultaneously reducing the frequency of stop codons. Libraries
of FN3 domains with biased amimno acid distribution at positions to be diversitied can be
synthesized for example using Slonomics® technology (http: //www_sloning com). This
iechnology uses a library of pre-made double siranded triplets that act as universal
building blocks sufficient for thousands of gene synthesis processes. The triplet library
represents all possibie sequence combinations necessary 1o build any desired DNA
molecuie. The codon designations are according to the well known TUB code.

The FN3 domains specifically binding EGFR or ¢-Mect of the wovention as described
herein can be isclated by producing the FIN3 Tibrary such as the Tencon bbrary using cis
display to ligale DNA& fragroenis encading the scaffold proteins to a DNA fragment
encoding RepA to generate 3 pool of protein-DNA complexes formed after in vitro
ranslation wherein each protein 1s stably associated with the DNA that encodes 1t (U5,
Pat. No. 7,842,476; Gdegrip ef af,, Proc Natl Acad Sct U S A 181, 2806-2810, 2004}, and
assaying the library for specific binding to EGFR and/or c-Met by any method known in
the art and described in the Example. Exemplary well known methods which can be used
are ELISA, sandwich immunoassays, and competitive and non-competitive assays {see,

¢.g., Ausubel ef ¢l eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley

& Sons, Inc., New York). The identified FN3 domains specifically binding EGFR or ¢-
Met are further characierized for their ability to block EGFR ligand such as EGF binding
to EGFR, or HGF binding to ¢-Mei, and for their ability o whibit EGFR and/or c-Met
signaling using weihods described berein.

The FN3 domains specifically binding to EGFR or c-Met of the wveniion as
describd herewn can he generated using any FN3 domain as a templaie fo generate a library
and screening the library for molecules specifically binding EGFR or ¢-Met using methods
provided within, Exemplar FN3 domains that can be o re the 3rd FN3 domain of
senasein C (TN3) (SEQ 1D NO: 75), Fibcon (SEQ ID NO: 76), and the 10™ FN3 domain of
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fbronectin {(FN10) (SEQ ID NO: 77}, Standard cloning and expression technigues arc used
to clone the libraries into a vector or synihesize double stranded ¢DNA casseites of the
library, 1o cxpress, or to translate the libraries in vifro. For exawmple ribosome display (Hanes
and Pluckthun, Proc Natl Acad Sci USA, 94, 4937-4942, 1997}, mRNA display (Roberts and
Szostak, Proc Natl Acad Sci USA, 94, 12297-12302, 1997), or other cell-free systems (U.S.
Pat. No. 5,643,768) can be used. The hbraries of the FN3 domain variants may be expressed
as fusion proteins displayed on the surface for example of any suitable bacteriophage.
Methods for displaying fusion polypeptides on the surface of a bacteriophage are well known
{L.S. Pat. Publ. No. 2011/0118144; Int. Pat. Publ. No. WO2009/085462; U.S. Pat. No.
6,969,108; 1.5, Pat. No. £,172,197; 1.8, Pat. No. 5,223.409; 1J.S. Pat. Neo. 6,582,915; US.
Pat. No. 6,472,147).

The FN3 domains specifically binding EGFR or c-Met of the invention as
described herein can be wodified to improve their properties such as taprove thermal
stability and reversibility of thermal folding and vnfolding. Several methods have heen
applied to increase the apparent thermal stability of proteins and enzymes, including
rational design based on comparison to highly sirnilar thermostable sequences, design of
stabilizing disulfide bridges, mutations to increase alpha-helix propensity, engineening of
salt bridges, alteration of the surface charge of the protein, directed evolation, and
composttion of consensus sequences {Lehmann and Wyss, Curr Opin Biotechnol, 12, 371-
375, 2001). High thermal stability may increase the yield of the expressed protein,
mprove solubility or activity, decrease immunogenicity, and minimize the need of a cold
chain in manufacturing. Residues that can be substituted to improve thermatl stability of
Tencon (SEQ 1D NO: 1) are residue positions 11, 14, 17, 37, 46, 73, or 86, and are
described in US Pat. Publ. No. 2011/0274623. Substitutions corresponding to these
residues can be incorporated to the FN3 domains or the bispecitic FIN3 domain containing
mwolecules of the wpveniion.

The imvention also provides an isolated FN3 domain that specifically binds EGFR
and blacks binding of EGF to EGFR, comprising the sequence shown in SEQ D NOs: 18-
29, 107-119, 122-137, firther comprising substitutions at one or more residue positions
corresponding to positions 11, 14, 17, 37,46, 73, and 56 in Tencon (SEQ 1D NG: 1),

The imvention also provides an isolated FN3 domain that specifically binds c-Met
and blocks binding of HGF o c-Met, comprising the sequence shown in SEQ ID NOs: 32-
49 or 111-114, further comprising substitutions at one or more residue positions

corresponding to positions 11, 14, 17, 37, 46, 73, and 86 in Tencon (SEQ ID NO: 1)

]
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Exemplary substitutions arce substitutions EFIN, EL4P, LI7A, E37P, N4sV, G73Y
and E861 (numbering according to SEQ 1D NG: [).

I some embediments, the FN3 domains of the tuvention coruprise substitutions
corresponding to substitutions L17A, N46V, and E861 m Tencon {SEQ [D KO: 1),

The FN3 domains specifically binding EGFR as described herein {Figure 1} have
an extended FG loop when compared 1o Tencon (SEQ ID NO: 1), Therelore, the residues
corresponding to residues 11, 14, 17, 37, 46, 73, and 86 in Tencon (SEQ 1D NO: 1) are
residues 11, 14, 17, 37, 46, 73 and 91 in EGFR FN3 domains shown in Figore 1A and 1B
except for the FN3 domain of SEQ 1D NO: 24, wherein the corresponding residues are
resichies 11, 14, 17, 38, 74, and 92 due to an insertion of one amino acid in the BC loop.

The invention also provides an isolated FN3 domain that specifically binds EGFR
and blocks binding of EGF to EGFR comprising the amino acid sequence shown in SEQ
T NOs: 18-29, 167-110, 122-137 or 194-21 1, optionally having one, two or three
substitutions comresponding to substitutions L17A, N46V and E8611n Tencon {(SEQ 1D
NG b

The wmvention also provides an isolated FN3 domain that specifically binds c-Met
and blocks binding of HGF to ¢-Met comprising the amino acid sequence shown m SEQ
10 NQOs: 32-49, 111-114 or 212-223, optionally having one, two or three substitutions
corresponding 1o substitutions L17A, N46V, and £861 in Tencon (SEQ ID NG: 1).

Measurement of protein stability and protein lability can be viewed as the same or
different aspects of protein mtegrily. Proteins are sensitive or “labile”™ to denataration
caused by heat, by uliraviolet or ionizing radiation, changes in the ambient osmolanity and
pH if in liguid solution, mechaunical shear torce iraposed by small pore-size filiration,
ultraviolet radiation, ionizing radiation, such as by gamma irradiation, chenucal or heat
dehydration, or any other action or force that may cause protcin structure disruption. The
stability of the molecule can be determined using standard methods, For exaraple, the

stability of a molecuie can be determined by measuring the thermal melting ("TM™)

teraperature, the temperature ja © Celsius {°C) at which half of the molecules become
wnfolded, using standard methods. Typically, the higher the TM, the more stable the
molecule. In addition to heat, the chemical environment also changes the abilily of the
protein to mamntain a particular three dimensional stnuctore.
In some embodiments described herein, the FN3 domains binding EGFR or o-Met
of the invention exhibit increased stability by at [east 5%, 10%, 15%, 20%, 25%, 30%.
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 80%, or 95% or more

compared to the same domain prior lo engineering measured by the increase in the TM.
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Chenucal denaturation can likewise be measured by a varety of methods.
Chemical denaturants include guanidiniun bydrochloride, guanidiniurn thiocyanate, urea,
acetone, organic solvents (DMF, benzene, acetoniinle), salts (ammonium sulfate, lithium

romide, lithiom chloride, sodium bromde, calchum chionde, sodiom chioride); reducing
agents {c.g. dithiothreitol, beta-mercaptoethanol, dimtrothiobenzene, and hydrides, such as
sodinm borohyvdnde}, non-tonic and tonic detergents, acids {e.g. hydrochloric acid (HCH,
acetic acid (CH,COOH), halogenated acetic acids), hydrophobic molecules (e.g.
phosopholipids), and targeted denaturants. Quantitation of the extent of denaturation can
rely on loss of a functional property, such as ability to bind a target molecule, or by
physiochernical properties, such as tendency to aggregation, exposure of formerdy solvent
maccessibie residues, or disruption or formation of disulfide bonds.

In some emmbodiments described herein, the FIN3 domain of the invention binding
EGFR or o-Met exhibit increased stability by at least 3%, 18%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, S0%, 55%, 60%, 655, 78%, 75%, 80%, B5%, 90%, or 95% or more
compared to the sarue scaffold prior to engineering, rweasured by using guanidinium
hydrochloride as a chennical denaturant. Increased stability can be measured as a function
of decreased tryptophan fluorescence upon reatment with increasing concentrations of
guaridine hydrochloride using well known methods.

The FN3 domaing of the invention described herein may be generated as
monomers, dimers, or multimers, {or example, as a means to increase the valency and thus
the avidity of target molecule binding, or to generate bi- or multispecific scaffolds
sinuiltaneously binding two or more different target molecules. The dimers and multimers
may be genecrated by linking monospecific, bi- or muliispecific protein scaffolds, for
exampie, by the inclusion of an amino acid inker, for example a linker coniaining poly-
glycine, glycine and sering, or alanine and proline. Exeraplary iimker include {GS),, (SEQ
1D NO: 78), (GGGS); (SEQ 1D NO: 224), (GGGGS)s (SEQ ID NO: 79), (APR (SEQID
NO: 80), (AP)s {(SEQ ID NO: 81), (AP (SEQ 1D NG: 82), (AP (SEQ 1D NG: 83) and
A(EALAK)AAA (SEQ ID NG 84). The duners and roultiroers may be linked to each
other 1n a N-lo C-direction. The use of natorally occurring as well as artificial peptide
linkers io connect polypepiides into novel linked fusion polypeptides 1s well known i the
literature (Hallewell er al., J Biol Chem 264, 5260-5268, 1989; Alfthan «f o/, Profein Eng.
8, 725-731, 1995; Robinson & Sauver, Biochemisiry 35, 109-116, 1996; U8, Pat. No.
5,856,456},

]
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Bispecific EGFR/¢/Met binding molecunles

The bispecific EGFR/c-Met FN3 domain containing mwolecules of the wvention
described herein may provide a henefit in termas of specificity and reduced off-targst
toxicity when compared to small molecule EGFR inhibitors, and improved tissue
penetration when compared to conventional antibody therapeutics. The present invention
1s based at least i part on the surprising {inding that the bispecific EGFR/c-Met FN3
domain containing molecules of the invention provide a significantly improved synergistic
mhibitory effect when compared to a mixture of EGFR-binding and ¢-Met-binding FN3
domains. The molecules may be tailored to specific atfinity towards both EGFR and ¢-
Met to maximize tumor penetration and retention. The bispecific EGFR/e-Met FN3
domain containing muolecules of the invention provide more efficient inhibition of EGFR
and/or c-Met signaling pathways and inbibit tumor growth more efficiently than
cetuximab (Eribtux®)

The wvention also provides an isolated bispecific FN3 domain contaluing
molecule coraprising a first Gbrovectin type U {FN3) domain and a second FN3 domain,
wherein the first FN3 domain specifically binds epridermal growth factor receptor (EGFR}
and blocks binding of epidermal growth factor {EGF) to EGFR, and the second FN3
domain specifically binds hepatocyie growth factor receplor {c-Met) and blocks binding of
hepatocyte growth factor (HGF} to c-Met,

The bispecific EGFR/c-Met FN3 domain containing molecules of the invention
described herein can be generated by covalently linking any EGFR-binding FN3 domain
and any ¢-Met-binding FN3 domain of the invention directly or via a linker. Therefore,
the first FN3 domain of the bispecific molecule may have characteristics as described
above for the EGFR-binding FN3 domains, and the second FN3 domain of the bispecific

2

molecuie may have characteristics as described above for the o-Met-binding FIN3 domains.

In some embeodients described herein, the fst FN3 domain of the bispecific

EGFR/c-Met FN3 domain containing raoiecule inhibiis EGF-induced EGFR

phosphorviation at EGFR residue Tyrosine 1173 with an IC5 value of less than about
25210 M when measured in A431 cells using $0 ng/mL human EGF, and the second
FN3 domain of the bispecific EGFR/c-Met FN3 domain containing molecule mhibits
HGYF- induced ¢-Met phosphorylation at c-Mel residue Tyrosine 1349 with an 1Cs, value
of less than about 1.5x10° M when measured in NCE-H441 cells using 100 ng/mL human
HGF.

In some embodiments described herein, the first FN3 domain of the bispecific

EGFR/c-Met FN3 domain containing molecule inhibits EGF-indoced EGFR
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phosphorylation at EGFR residue Tyrosine 1173 with an ICs value of between about 1.8 x
107° M to about 2.5x10°° M when measured in NCI-H292 cells using 50 ng/mL hurnan
EGF, and the second FN3 domain of the hispecific EGFR/c-Mei FN3 domain coniaining
molecule inbibits HGF- mduced c-Met phosphorylation at ¢-Met residue Tyrosine 1349
with an I0s vahie between about 4x107 M 1o about 1.5x10° M when measured in NCI-
H441 cells using 100 ng/mL human HGE.

In some embodiments described herein, the first FN3 domain of the bispecific
EGFR/c-Met FN3 domain containing molecule binds human EGFR with a disseciation
constant {Ky,) of less than about 1x16™ M, and the second FN3 domain of the bispecific
EGFR/c-Met FN3 domain confaining molecule binds buman ¢-Met with a Ky of less than
about 5 x10° M.

In the bispecific molecule binding both EGFR and c-Met as described herein, the
first FMN3 domain binds buman BEGFR with a K of between about 2x 107 10 about 1x1078
M, and the second FN3 domain binds buran ¢-Met with a Kp, of between about 33107 to
about 5 x10° M.

The alfinity of the bispecific EGFR/c-Met molecule for EGFR and ¢-Met can be
determined as described in Example 3 and Examiple 5 for the monospecific molecules,

The first FN3 domain in the bispecific EGFR/c-Met molecule of the invention
may block EGF binding to EGFR with an ICs valoe of between about 1x1¢”7 M 1o about
1.5x107 M in an assay employing A431 cells and detecting the amount of fluorescence
from bound biotinylated EGF using streptavidin-phycoeryihrin conjugate at 680 nM on
A431 cells incubated with or without the {irst FN3 domain. The first FN3 domain in the
hispecific EGFR/c-Met molecule of the invention may block EGF binding to the EGFR by
at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% when compared to binding of EGF
to EGFR 1o the absence of the first FN3 domains using the same assay conditions.

The second FN3 domain o the bispecific EGFR/c-Met molecule of the invention
may block HGF hinding to o-Met with an ICs value of between about 2x 107 M 1o about
6x10° M in an assay delecting inhibition of binding of biotinylated HGF to ¢-Met-Fe
fusion protein in the presence of the second FN3 domain. The second FN3 domain in the
bispecitic EGFR/c-Met molecule may block HGF binding to ¢-Met by at least 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 35%, 90%, 91%, 92%. 93%, 94%,
95%, 96%, 97%, 98%, 99% or 140% when compared to binding of HGF to ¢-Met in the

absence of the second FN3 domain using the same assay conditions.

]
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The bispecific EGFR/c-Met raclecule of the jnvention described herein may
wnhibit EGFR and/or ¢-Met signaling by ai least 30%, 35%, 40%, 43%, 58%, 35%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% when compared to the level of signaling n the absence of the bispecific EGFR/e-

Met molecule of the invention using the same assay conditions.

EGFER and e-Met signaling may be measured using various well know methods as
deseribed above for the monospecific molecules.

The bispecific EGFR/c-Met molecules of the mvention as described herein
comprising the first FN3 domain specifically binding EGFR and the second FN3 domain
specifically binding ¢-Met provide a significantly increased synergistic inhibition of EGFR
and ¢/Met signaling and tunor cell proliferation when compared to the synergistic
mbibition observed by a mixture of the first and the second FN3 domain. Synergistic
mbibition can be assessed for example by weasuring inhibition of ERK phosphorylation
by the bispecific EGFR/c-Met FN3 doruain containing molecules and by a raixture of two
mounospecific olecules, one binding EGFR and the other ¢-Met. The bispecific EGFR/c-
Met molecules of the invention may inhibit ERK phosphorylation with an at least about
104 fold smaller, for example at least 506, 1000, 5000 or 16,000 fold smaller ICs; value
when compared to the ICs, valoe for a maxtare of two monospeciﬁc FN3 domains,
indicating at least 100 fold increased potency for the bispecific EGFR/c-Met FN3 domain
containing molecules when compared to the mixture of two monospecific FN3 domains.
Exemplary bispecific EGFR-c-Met FN3 domain containing molecules may inhibit ERK
phosphorylation with and iCse vahie of about 52107 M or less. ERK phosphorylation can
e measured using standard methods and methods described herein.

The bispecific EGFR/c-Met FN3 domain containing molecule of the invention as
described hercin may nhibit H292 cell proliferation with an ICso value that is at least 30-

fold less when compared o the s value of inbibition of H292 cell g:mwth with a mixture

of the first FN3 domain and the second FN3, wherein the cell proliferation is induced with
mwedium containing 0% FBS sopplemented with 7.5 ng/ml HGFE. The bispecific

molecule of the mvention as described herein may inhibit tumor cell proliferation with an
{Csq value that is about 30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300, 400, 500, 600, 700,
380, or about 1000 fold less when compared to the IC s, value of nhibition of tomor cell
proliferation with a mixture of the first FN3 domain and the second FN3 domain.
Inhibition of tumor cell proliferation can be measured using standard methods and

methods described herein.

]
@]



WO 2014/081944 PCT/US2013/071267

In some embedirnents described herein, the bispecific EGFR/c-Met FN3 domain
coniaining molecule binds EGFR with ane or more armine acid residues corresponding {o
residues D23, F27, Y28, V77 and (85 of P34AR4-83v2 (SEQ [D NG: 27).

In some embodiments described herein, the bispecific EGFR/¢c-Met FN3 domain
coniaining molecule binds ¢-Met with one or more amino acid residues corresponding to
residues R34, F38, M72 and 179 m PI4ARTPY5-A3 (SEQ 1D NO: 41).

Paratope residues in the bispecific molecules can be identified by mutagenesis
studies or {rom co-crystal siructures of the FN3 domain and EGFR or c-Met. Mutagenesis
studies may be eniployed by for example using alanine scanning, and the resulting variants
may be tested for their binding to EGFR or ¢-Met using standard methods. Typically
paratope residues are those residues that when mutagenized, result in varianis with
reduced or abolished binding fo EGFR or ¢-Mei. EGFR-binding FN3 domains with
substilutions ai amino acid residue positions corvesponding o tesidues D23, F27, Y28,
V77 and G85 of P54AR4-83v2 (SEQ 1D NO: 27), when substituted, reduce EGFR binding
at least 109-fold when compared to the wild type P54AR4-83v2. Bispecific molecules
ECBI1, ECB2, ECB3, ECR4, ECBS, ECR6, ECBY, ECB1S, ECB17, ECR60, ECR37,
ECBR94, ECR9S, ECR96, ECR97, ECR91, ECRIS, ECRB28, ECRB38, ECR39, ECB168 and
ECB176 have D, F, Y, V and G at residue positions  corresponding to residues D23, F27,
Y28, V77 and G85 of PS4AR4-83v2 and expected {o bind {o EGFR with these residues.
c-Met binding FN3 domains with substitutions at amino acid residue positions
corresponding to residues R34, F38, M72 and 179 of P114ARTPUS-A3 (SEQ ID NG: 413,
when substituted, abolish or reduce c-Met binding at least 100-fold when compared to the
wild type P114ARTP95-A3. Bispecific nwlecules ECB2, ECBS, ECRBIS, ECB60, ECB38
and ECRB39 have R, F, M and [ at residue positions corresponding to residues R34, F38,
M72 and 179 of P114ARTPO5-A3 (SEQ 1D NO: 41) and expected io bind io c-Met with
these residues.

The invention also provides a bispecific FN3 domain contaning molecule
coraprising a first fibronectin type T {FN3) domain and a second FN3 domain, wherein
the first FN3 domain specifically binds epidermal growth factor recepior {EGFR) and
blocks binding of epidermal growth factor (EGF} to EGFR, and the second FN3 domain
specifically binds hepatocyte growth factor receptor {c-Met), and blocks binding of
hepatocyte growth factor (HGF) to o-Met, wherein

the first FN3 domain comprises
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an FG loop compusing the sequence HNVYKDTNXORGL (SEQ 1D NO: 179)
or the sequence LGSYVEFEHDVML (SEQ ID NO: [80), wherein Xy s M or I
and
a BC loop comprising the sequence X XoXaX XX XX (SEQ I NG: 181),
wherein

XA, T, Gor I

X;18A, D, Y or W;

X:18 P, Dor N

X,is L or absent;

Xsis D, H, B, G Yor W,

Xsis G, Dor A

X718 A F, G, Hor I; and

Xeis Y, ForL;and

the second FN3 domain comaprises

a C strand and a CD loop compusing the sequence DSFX(IRY X E
KX XX sGX 2 (SEQ ID NG: 184), wheren

Xipis W, ForV;

XpisD, Fork;

XpisV, Fork;

XisV, Lor T,

Xuis VR, G L Tor§;

X518 G, S, A, Tor K and

Hisis E or D; and
a F strand and a FG loop comprising the sequence TEY X7V X 51X 10XV
KX, %5, S5 (SEQ 1D NO: 185), wherein

Xpis YV, WLV, Gor A;

XpgisN, T,Qor G

Xoisi,M,Nork

XpisGorS;

Xy1sS, LG Y, TR HorK;

Xpisl VorL; and

XV, T,H.LP. YorL.

In some other embodiments deseribed herein, the bispecific molecule comprises

the first FN3 domain that binds EGFR comprising the seguence:

36
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LPAPKNLVVYSEVTEDSLRLIWX XX XX X X2 DSFLIGYQESEKVGEAINLTVE
GSERSYDLTGLKPGTEVTVSIYGVHNVYKDTNXRGL PLSAEFTT (SEQ 1D NOG:

182), or the sequence

LPAPENEVVSEVTEDSLRLEWX XX XX X2 Xe DSFLIGYQESEEVGEAINLTVE
GSERSYDLTGLKPGTEYTVSIYGV LGSYVFEHDVMLPLSAEFTT (SEQ ID NO:

183),

wherein in the SEQ 1D NOs: 182 and 183;
XiisA, T, Gor iy
X8 A B YorWw;
X8 P, Dor N

X418 L or absent;

X s D, H R G Yo W,
Xsis G, Bor A

XA F, G Hor I
XewisY,ForL;and
XeisMorl.

In some other embodiments described herein, the bispecific molecule comprises
the second FN3 domain that binds c-Mel comprising the sequence
LPAPKNLVVSRVTEDSARLSWTAPDAAF DSFX6IRYX L E XX p X aXsGX s
AIVETVPGSERSYDLTGLKPG TEY X VXX o X VR GGX ) XS X PLSAEFTT
(SEQ 1D NO: 186),
wherein

Xipis W, ForV; and
s, Fork,
XpisV, Fork
XpisV,Lor T,
XuisV,R, G L, Tor s
X518 G, S,A Tor K,
XpgisEory

Xpis Y, W LV, Gor A;
XegisN, T,Qor G;
XpisL, M, Norl;
XpisGors;

XaisS, LG Y, T,RHork;
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Xypish Vaorl,;and
XpisV, T,H.LP, YorL.

Exemplary bispecific BEGFR/e-Met FN3 domam containing molecules comprise
the amne acid sequences shown in SEQ 1D NQOs: 50-72, 106, 118-121, 138-165, 170-178
or 190-193.

The bispecific EGFR/c-Met molecules of the imvention as described herein
comprigse certain structural characteristics associated with their functional characteristics,
domain that binds EGFR comprising the sequence HNVYKDTNXRGL (SEQ ID NO:
179} or the sequence LGSYVFEHDVML {(SEQ ID NO: 18%), wherein Xois M or L

In some embodiments described herein, the bispecific EGFR/c-Met FN3 domain
containing raclecules of the vention

mbibit EGF-induced EGFR phosphorylation at EGFR residues Tyrosine 1173

with an TCse value of Jess than about 8x107 M when measured in H292 cells using

50 ng/ml buman BEGF;

inhibit HGF-indoced c-Met phosphorylation at ¢-Met residae Tyrosine 1349 with

and ICs value of less than about 8.4x107 M when measured in NCI-H441 cells

using 100 ng/mL human HGF;

inhibit HGF-induced NCI-H292 cell proliferation with an ICs vahie of less than

about 9.5x10™°M wherein the cell proliferation is induced with 10% FRS

containing 7.5 ng HGF;

bind BGFR with a Kp of less than about 2.0x107° M s or

bind c-Met with a Ky, of less than about 2.0x107° M; wherein the Ky is measured

using surface plasmon resonance as described in Example 3 or Example 5.

I avother embodunend, the bispecific EGFR/c-Met FN3 domain containing
mwolecules of the wvention

whibit EGF-jeduced EGFR phosphorylation at EGFR residucs Tyrosine 1173

with and ICsq of between about 4.2x107 M and 8x107 M when measured in H792

cells using 50 ng/ml buman EGF;

nhibit HGF-indvuced ¢-Met phosphorylation at c-Met residues Tyrosine 1349

with and ICse value of between about 2.4x10™ M to about 8.4x1¢7 M when

measured in NCI-H441 cells using 100 ng/mL human HGF;
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whibit HGF-induced NCI-H292 cell proliferation with an [Cs value belween

about 2.3%10° M o about 9.5x16°°M wherein the cell proliferation is induced with

16% EBS contawning 7.5 ng HGE;

bind EGFR with a Kp of between about 2x107'° M to about 2.0x107° M; or

bind c-Met with a Ky, of between about 1x 107 M 1o about 2.0x107 M, wherein
the Kp is measured using surface plasmon resonance as described 1 Example 3 or

Exampile 3.

In some embodiments described herein, the bispecific EGFR/c-Met molecules
comprise the EGFR-binding FN3 domain comprising the sequence
LPAPENLEVVSEVTEDSLRESWX, XXX X XX X DSFLIQYQESEKVGEAINLTVP
GSERSYDLTGLKPGTEYTVSIYGY HNVYKDTNXRGL PLSAEFTT (SEG ID NO:
182}, wherein

Xy iy

X8 Iy

X8 P

X4 1s absent;
Xsis Hor W,
Xe1s A;

X518 F

Xgis Y; and
Xois Morl; and

the ¢-Met-binding FN3 domain comprising the sequence
LPAPKNLVVSRVTEDSARLSWTAPDAAF DSFX elRY X E XX 3 X 14X sGX s
AIVLTVPGSERSYDLTGLEKPG TEY X, VX eI X 10X VK GGX X008 X5, PLSAEFTT
(SEQ ID NO: 186),
whereia

Xipis W;
X,isF;

X 1sF;
XpisVYork;
XupisGorS;
Xiis Sork;
Xpis Eor Dy
Xiris 'V,
Xigis N;
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XpisL orM;
XyisGorS;
X isSorkK;
Xsz18 1 and
Xy s P

Exemplary bispecific EGFR/e-Met molecules are those having the sequence
shown in SEQ 1D NQOs: 57, 61, 62, 63, 64, 65, 66, 67, 68 or 190-193.

The bispecific molecules of the invention as described herein may further
comprise substitutions al one or more residue positions in the first FN3 domain and/or the
second FN3 domain corresponding to positions 11, 14, 17, 37, 46, 73 and 86 1n Tencon
(SEQ 1D NO: 1) as described above, and a substitistion at position 29. Excoplary
substitutions are substitutions E1IN, E14P, L17A, E37P, N46V, G73Y, E86I and D29E
{numbering according to SEQ ID NG: 1). Skilled inthe art will appreciate that other
araing acids can be used for substitutions, such as awino acids within a fanaly of amivo
acids that are related 1o their side chains as described infra.. The generated variants can be
tested for their stability and binding to EGFR and/or c-Met using methods herem.

In some embodiments described herein, the bispecific EGFR/¢c-Met FN3 domain
containing molecule comprises the first FN3 domain that binds specifically EGFR and the
second FN3 domain that binds specifically ¢-Met, wherein the first FN3 domain comprises
the sequence:

LPAPKNEVVS X VIXsDSXRLSWDDPX 1 AFY X SFLIQY QX SERVGEADXG LT
VPGSERSYDLTGLKPGTEYTVSIY 2, VHRVYKDTNX o RGLPLSAXGFTT (SEQ ID
NO: 187}, wherein

Xois E, NorR;

XsisEor P

Kogis Lor A;

Xois Hor W,

KgisEorD;

XpgisEor P

XypisNorV;

XuyisGoryY:

XypisMork: and

XgsisEor g

and the second FN3 domain comprises the sequence:
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LPAPENLVVEX VT X DSXGRLEWTAPDAAFDSFWIRY FXa FXasX 30X 400G X4 AT,
LTVPGSERSYDLTGLKPGTEY VVNEX 3 X s VEGGX ISPPLS AKX FTT (SEQ I NG:
188); wherein

XisE, Nor R

XyisEor P

KyisLor A;

XpisEor By

XpgisVorl;

XpisGors;

XpisSorK;

XgisEor iy

XpisNorV;

Xgis Loor M;

XuisGord;

Xssis Sor K and

XpisEorl

In some embodiments described herein, the bispecific EGFR/c-Met FN3 domain
containing molecule comprises the first FNG domain comprising an amino acid sequence
at least 87%, 88%, 59%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identical to the amino acid sequence of SEQ D NO: 27, and the second FIN3 domain
comprising an anung acid sequence at least 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical o the amino acid
sequence of SEQ 1D NO: 41,

The bispecific EGFR/c-Met FIN3 domain containing molecules of the invention as
described herein may be tailored fo 2 specific affinity towards EGFR and ¢-Met to
aximize tomwor accunwlation.

The imvention also provides au isolated bispecific FIN3 domain containing
molecule comprising a fitst fibronectin type TH (FN3) domain and a second FN3 domaix,
wherein the first FN3 domain specifically binds epidermal growth factor receptor (EGFR)
and blocks binding of epidermal growth factor (EGF} to EGFR, and the second FN3
domain specifically binds hepatocyte growth factor receptor {c-Met), and blocks binding
of hepatocyie growth factor (HGF) o c-Met, wherein the first FN3 domain and the second
FN3 domain is isolated from a library designed based on Tencon sequence of SEQ 1D NO:
1.
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The bispecific EGFR/c-Met FN3 domain containing mwolecule of the iuventionas

described berein can be generated by covalently coupling the EGFR-binding FN3 doman
and the c-Met binding FN3 domain of the jnvention using well known methods, The FN3
domains may be linked via a huoker, for example a hnker containing poly-glycine, glycine
and serine, or alanine and proline. Exemplary linker inclade {GS),, {(SEQ ID NG: 78),
{(GGGR)Y2 (SEQ ID NO: 2243, (GGGGSE)s (SEQ 1D NG 79}, (AP), (SEQ ID NOG: 863,
{AP)s (SEQ ID NO: 81), (AP} (SEQ 1D NO: 82), (AP (SEQ 1D NO: 83),
A{EAAAK)AAA (SEQID NO: 84). The use of naturally occurring as well as artificial
peptide linkers to connect polypeptides into novel linked fusion polypeptides is well
known in the literature (Hallewell ef al., J Biol Chem 264, 5260-526%, 1989; Alfthan ef af,,
Protein Eng. 8, 725-731, 1995; Robinson & Sauer, Biochemisiry 35, 109-116, 1996; U.S.
Pat. No. 5,856,456). The hispecific EGFR/c-Met molecules of the invention as described
hercin may be hinked fogether from a C-erminus of the first FN3 domaio to the N-
terminus of the second FN3 domain, or from the C-terminus of the second FN3 domain to
the N-terminus of the first FN3 domain. Any EGFR-binding FN3 domain may be
covalently linked to a c-Met-binding FN3 domain. Exemplary EGFR-binding FN3
domains are domains having the amino acid sequence shown in SEQ [D NQs: 18-29, 107-
110, 122-137 or 194-211, and exemplary c-Met binding FN3 domains are domains having
the amino acid sequence shown i SEQ 1D NOs: 32-49, 111-114 or 212-223. The EGFR-
binding FN3 domains to be coupled to a bispecific molecule may additionally comprise an
initiator methionine {Met} at their N-terminus.

Variants of the bispecific EGFR/c-Met FN3 domain containing molecules as
described herein are within the scope of the invention. For example, substitutions can be
made in the bispecific EGFR/c-Met FN32 domain containing molecule as long as the
resulting variant retains similar gcicmvxty and potency towards EGFR and ¢-Met when
corapared 1o the parent molecule. Excmplary modifications are for example conservative

ubstitutions that will result in variants with sirailar characteristics to those of the parent
molecules. Couservative substitutions are those that take place within a famly of arsine
acids that are related in their side chains. Genetically encoded amine acids can be divide
mito four families: {1} acidic {aspartate, glutamate); {2) basic (Iysine, arginine, histidine);
(3} nonpolar {alanine, valing, leucine, soleucine, proline, phenylalanine, methionine,
tryptophan); and (4} ancharged polar {glycine, asparagine, glotamine, cysteine, serine,
threonine, tyrosine). Phenylalanine, tryplophan, and tyrosine are sometimes classified
jomtly as aromatic amino acids. Alternatively, the amino acid repertoire can be grouped

as {1) acidic (aspartate, glitamate); {2} basic (lysine, arginine histidine), (3) aliphatic
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{glycine, alanine, vahine, leucine, isole.;cme, serine, ﬂlrw']me) with serine and threonine

optionally be grouped sep
tyrosine, tryptophan); (5) anude {(asparagwe, ghﬁamine}; and {6) sulfur-containing
{cysleine and methionine) (Stryer {ed.), Biochenustry, 2nd ed, WH Freeman and Co.,
1981}, Non-conservative substitutions can be made to the bispecific EGFR/c-Met FN3
domain coniaining molecule that mvolves substitutions of amino acid residues belween
different classes of amino acids to improve properties of the bispecific molecules.
Whether a change in the amino acid sequence of a polypeptide or fragment thereof results
m a functional homolog can be readily determined by assessing the ability of the modified
polypeptide or fragment to produce a response in a fashion similar to the unmodified
polypeptide or tragment using the assays described herein. Peptides, polypeptides or
roteins o which more than one replacement bas taken place can readily be tested in the

Sarae Henner,

The bispecific EGFR/c-Mct FN3 domain containing molecuies of the invention as
described heretn may be generated as dimers or multimers, for example, as a meaus to

increase the valency and thus the avidity of target molecule binding. The m

itimers may
be generated by linking one or more EGFR-binding FN3 domain and one or more ¢-Met-
binding FN3 domain to form moleaules comprising at least three individoal FN3 domains
that are at least bispecific for either EGFR or c-Met, for exaniple by the inclosion of an
amino acid linker using well known methods.

The invention also provides a bispecific FN3 domain containing molecule
comprising a first fibronectin type HI (FN3) domain and a second FN3 domain, wherein
the first FN3 domain specifically binds epidernal growth factor receptor (EGFR) and
blocks binding of epidermal growth factor (EGF) to EGFR, and the second FN3 domain
specifically binds hepatocyte growth factor receptor {c-Met), and blocks binding of
hepatocyte growth factor (HGF) to ¢-Met comprising the amino acid sequence shown ja

SECG ID NQOs: 5¢-72, 106, 118-121, [38-163, 170-179 or 188-193.

Halflife extending moleties

The bispecific EGFR/c-Met FN3 domain containing molecules or the
monospecific EGFR or e-Met binding FN3 domains of the invention as descnibed herein
may incorporate other subunits for example via covalent interaction. In one aspect of the
mvention, the bispecific EGFR/c-Met FN3 domain containing molecules of the invention
further comprise a half-life extending moiety. Exemplary half-life extending moieties are

albumin, albumin vanants, albumin-binding proteins and/or domains, fransferrin and

L
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fragments and analogues thereof, and Fe regions. Ao exemplary albumsin-binding domain
18 shown 1a SEQ 1D NO: 117 and an exemplary albumin variant is shown in SEQ ID NO:
189.

All or a portion of an antibody constant region may be attached to the moleaules
of the invention to impart antibody-like properties, especially those properties associated
with the Fc region, such as Fe effector functions such as Clg binding, complement
dependent cytotoxicity {CDC), Fe receptor binding, antibody-dependent cell-mediated
cytotoxicity {ADCC), phagocytosis, down regulation of cell surface receptors {e.g., B cell
receptor; BCR), and can be further modified by modifying residues in the Fe responsible
for thege activities (for review; see Strohl, Curr Opin Biotechno! 20, 685-691, 2009},

Additional mwoictics nay be incorporated into the bispecific molecules of the
invention such as polyethylene glycol (PEG) molecules, such as PEGS000 or PEG20,000,
faity acids and f{atty acid esters of different chain lengths, for exanaple laurate, myustate,
stearate, arachidate, behenate, oleate, arachidonate, octanedioic acid, feiradecanedioic acid,
octadecanedioic acid, docosanedioic acid, and the like, polylysine, octane, carbohydrates
{dextran, celhilose, oligo- or polysaccharides) for desired propertics. These moicties may
be direct fusions with the protein scaffold coding sequences and may be generaled by

standard cloning and expression techniques. Allernatively, well known chemical coupling
methods may be used to attach the moieties to recombinantly produced molecules of the
nvention.

A pegyl moiety may for example be added to the bispecific or monospecific
molecules of the invention by incorporating a cysteine residue to the C-terminus of the
molecuie and attaching a pegyl group to the cysteine using well known methods.
Exemplary bispecific molecules with the C-terminal cysteine are those having the amine
acid sequence shown in SEQ IN NG: 170-178,

Mongspecific and bispecific maolecules of the tnvention as described herein

weorporating addiional moieties ray be compared for functionality by several well
known assays. For cxample, aliered properties of monospecific and/or bispecific
molecules due to mcorporation of Fo domains and/or F¢ domain variants may be assayed
in Fe receptor binding assays using solable forrs of the receptors, such as the FeyRL,

L)
H
i

FoyRH, FoyRIHI or FcRn receptors, or using well known cell-based assays measuring for
exarnpic ADCC or CDC, or evaluating pharmacokinetic propertics of the molecules of the

invention in iz vive pwodels.
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Polynuclestides, vectors, heost celic

The imvention provides for nucleic acids encoding the EGFR-binding or ¢-Met
hinding FN3 domaijus or the bispecific EGFR/c-Met FN3 domain containing ronlecules of
the mvention as isolated polymicleotides or as portions of expression vectors or as portions
of hnear DNA sequences, including linear DNA sequences used for in vifro
transcription/translation, vectors compatible with prokaryotic, eakaryotic or filamentous
phage expression, secretion and/or display of the compositions or directed mutagens
thereof. Certain exemplary polynucleotides are disclosed herein, however, other
polymucleotides which, given the degeneracy of the genetic code or codon preferences ma
given expression system, encode the EGFR-binding or c-Met binding FN3 domains or the

ey
H

bispecific EGFR/c-Met FN3 domain containing molecules of the invention are also within

2

the scope of the inverntion.

The wvention also provides an isolated polynucleotide encoding the FN3 domawn
specifically binding EGFR having the amino acid sequence of SEQ ID NOs: 18-29, 147-
1184, 122-137 or 194-211.

The mmvention also provides an isolated polymucicotide encoding the FN3 domain
specifically binding ¢-Met having the anino acid sequence of the sequence shown in SEQ
10 NOs: 32449, 111-114 or 212-223,

The wmvention also provides an isolated polymucieotide encoding the bispecific
EGFR/-c-Met FN3 domain containing molecule having the amino acid sequence of SEQ
10 NGs: 50-72, 106, 118-121, 138-165, 170-179 or 190-193.

The mnvention also provides an isolated polymicleotide comprising the
polynucieotide sequence of SEQ 1D NOs: 97, 98, 103, 104, 115, 116 or 166-169,

The polyrucicotides of the invention as described herein may be produced by
chemical synthesis such as solid phase polynucicotide synthesis on an automated
polynucicotide syunthesizer and asseruhled into coraplete single or double stranded
molecules. Altermnatively, the polynucieotides of the invention may be produced by other
technigues such a PCR followed by routine cloning. Techuniques for producing or
obtaining polynucleotides of a given known sequence are well known in the art.

The polynuciectides of the invention as described herein may comprise at least
on¢ non-coding sequence, such as a promoter or enhancer sequence, intron,
polyadenylation signal, a cis sequence facilitating RepA binding, and the like. The
polynucleotide sequences may also comprise additional sequences encoding additional

amino acids that encode for example a marker or a tag sequence such as a histidine tag or
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an HA tag to facilitate purification or detection of the protein, a signal sequence, a fusion
protein partoer such as RepA, Fe or bacteriophage coat protein such as pIX or pHl.

The invention also provides a vecior comaprising at least one polynucieotide of the
wvention. Such vectors may be plasmid vectors, viral vectors, vectors for baculovirus
expression, fransposon based vectors or any other vector suitable for ntroduction of the
polynucleotides of the invention into a given organism or genetic background by any
means. Such vectors may be expression vectors comprising nucleic acid sequence
clements that can control, regulate, cause or pernut expression of a polypeptide encoded
by such a vector. Such elements may comprise transcriptional enhancer binding sites,
RNA polymerase initiation sites, ribosome binding sites, and other sites that facilitate the
expression of encoded polypepiides in a given expression system. Such expression

systerns nay be celi-based, or cell-free systems well kn i the art.

The invention also provides a host cell comprising the vector of the invention. A
monospecific EGFR-binding or ¢-Met binding FN3 domain or the bispecific EGFR/c-Met
FN3 domain containing molecule of the mvention can be optionally produced by a cell

ine, a mixed cell fing, an immortalized cell or clonal population of inumortalized cells, as
well known inthe ari. See, ¢.g., Ausubel, ef @/, ed., Current Protocols 1n Molecular
Riclogy, John Wiley & Sous, Tuc., NY, NY {1987-2001); Sambrook, ef «l.. Molecular
Cloning: A Laboratory Manual, 2 Edition, Cold Spring Harbor, NY (1989); Harlow and
Lane, Antibodics, 2 Laboratory Manual, Cold Spring Harbor, NY {1989); Colligan, ef af,
eds., Current Protocols in bumunclogy, Jobn Wiley & Sons, Ine., NY (1994-20¢1);
Colligan ef af., Cuarrentt Protocols in Protein Science, John Wiley & Sons, NY, NY, (1997-
2061},

The host cell chosen for expression may be of mammalian origin or may be
selected from COS-1, COS-7, HEK293, BHK21, CHO, BSC-1, He (32, 5P2/0, Hel a,
myecloma, lymphoma, yeast, insect or plant cells, or any derivative, imunortalized or
wranstormed cell thereof., Alternatively, the host ceil may be selected from a specics or
organiso incapable of giveosylating polypeptides, e.g. a prokaryotic cell or organisr,
such as BL21, BL21(DE3), BL21-GOLD(DE3), XL]-B]ue, IM109, HMS174,
HMS174(DE3), and any of the natural or engincered £. coli spp, Klebsiella spp.. ot
Pseudomonas spp strains.

Another erahodiment of the mvention is a method of producing the solated FN3
domain specifically binding EGFR or ¢-Met of the invention or the 1solated bispecific

EGFR/c-Met FN3 domarin containing molecale of the invention, comprising culturing the
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solated host cell of the invention under conditions such that the isolated FN3 domain
specifically binding EGFR or ¢-Met or the isolated bispecific EGFR/c-Met FN3 domain
coniaining molecule is expressed, and puifying the domaw or wolecule.

The FMN3 domain specifically binding EGFR or ¢-Met or the isolated bispecific
EGFR/ec-Met FN3 domain containing molecole of the imvention can be purified from
recombinant cell coltures by well-known methods, for example by protein A ponfication,
ammoniunm sulfate or ethanol precipitation, acid extraction, anion or cation exchange
chromatography, phosphocellulose chromatography, hydrophobic interaction
chromatography, affinity chromatography, hydroxylapatite chromatography and lectin

chromatography, or high performance liguid chromatography (HPLC).

Uses of bispecific EGFR/e-Met FN3 domain containing melecules and EGFR-
binding or ¢-Met binding FN3 domains of the nveniion
The bispecific EGFR/c-Mel FN3 domain containing molecuics, the EGFR binding
FN3 domaius or the c-Mect binding FN3 domains of the invention as described herein may
be used to diagnose, monitor, modulate, treat, alleviate, help prevent the incidence of, or
reduce the symptors of human disease or specific pathologies 1 cells, tssaes, organs,
fluid, or, generally, a host. The methods of the invention may be used to treat an animal

.
Cle
Cid

patient belonging to any classification. Examples of such animals inchide mamumals such
ag humans, rodents, dogs, cats and farn: animals.

One aspect of the invention is a method for inhibiting growth or proliferation of
cells that express EGFR and/or c-Met, comprising contacting the cells with the isolated
hispecific EGFR/c-Met FN3 domain coniaining molecule, the EGFR binding FN3 domain
or the ¢-Met binding FN3 domain of the mvention.

Another aspect of the invention is a method for inhibiting growth or metastasis of
EGFR and/or c-Met -expressing tumor or cancer cells 1 a subject comprising

adroinisiering to the subject an effective amount of the isolaied bispecific EGFR/c-Met
FN3 dornain containing wolecule, the EGFR binding FN3 domain or the ¢-Met binding
FN3 domain of the nvention so that the growth or metastasis of EGFR- and/or ¢-Met-
expressing tumor or cancer cell 1s mhibited.

Another aspect of the invention is a method of freating a subject having cancer,

coraprising adrainistering a therapeutically effective amount of the isolated hispecific

BEGFR/e-Met FN3 domain containing molecale, the EGFR binding FN3 domain, or the ¢-
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Met binding FN3 doruain of the nvention to a patient 1o need thereof for a fime sufficient

1o treat the cance

-

The bispecific EGFR/c-Met FIN3 domain containing molecule, the EGFR binding

FN3 domain or the c-Met binding FN3 domain of the invention may be used for treatmeni
of any disease or disorder characterized by abnormal aclivation or production of EGFR, ¢-
Met, EGF or other EGFER ligand or HGF, or disorder related o EGFR or ¢-Met expression
which may or may nol involve malignancy or cancer, where abnormal activation and/or
production of EGFR, c-Met, EGF or other EGFR hgand, or HGF 15 ocourring in cells or
tissues of 3 subject having, or predisposed 1o, the disease or disorder. The bispecific
EGFR/e-Met FN3 domain containmg molecale, the EGFR binding FN3 domain or the ¢-
Met binding FN3 domain of the invention may be used for freatment of tumors, including
cancers and benign tumeors. Cancers that are amenable fo treatment by the bispecific
molecules of the invention melude those that overexpress EGFR and/or c-Met, cancers
associated with clevated EGFR activity and/or expression levels {(such as, for examaple, an
EGFR activating mutation, an EGFR gene amplification, or ligand mediated EGFR

activation} and clevated c-Met activity and/or expression levels (such as, for example, 2 c-

Met activaling mutation, a c-Met gene amplification, or HGF mediated c-Mel activation.

Excraplary EGFR activating mutations that meay be associated with cancer inclade
point mutations, delefion mutations, insertion ruiations, inversions or gene amplifications
that lead to an increase in ai least one biclogical activity of EGFR, such as cievated
tyrosine kinase activity, formation of receptor hornodiners and heterodimers, enhanced
figand binding ¢ic. Muiations can be located 1 any portion of an EGFR gene or
regulaiory region associated with an EGFR gene and include mutations inexon 18, 19, 20
or 21 or mutations in the kinase domain. Exenplary activating BEGFR muiations are

GTI9A, L6 IX (X being any amino acid}y, L338R, E746K, L7478, E749Q, AT50P,
ATS55YV, VT63M, , L858P or T790M substitutions, deletion of E746-A758, deletion of
R748-P753, msertion of Ala between M766 and A767, msertion of SVA (Ser, Val, Ala)
between 5768 and V769, and insertion of NS (Asn, Ser) between P772 and H773. Other
exanples of EGFR activating mutations are known in the art (sec e.g., U.S. Pat. Publ. No.
US2005/02726383). Informaiion about EGFR and other ErbB receptors including receptor
homo- and hetero-dirners, receptor ligands, autophosphorylation sites, and signaling
molecuies involved 1o ErbB mediated signaling is known in the art (sce ¢.g., Hynes and

Lane, Nature Reviews Cancer 5: 341-334, 26053,
s 7
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Exemplary c-Met activating tigtations include point moutations, deletion
moutations, insertion routations, inversions or gene amplifications that lead to an increase in
at least one binlogical activity of a c-Mect protein, such as ¢levated tyrosine kinase activily,
formation of receptor homodimers and beterodimers, enhanced higand binding elc.
Mutations can be located in any portion of the o-Met gene or regailalory regions associated
with the gene, such as mutations in the kinase domain of o-Met. Exemplary c-Metl
activating nuiitations are mutations at residue positions N375, V13, V923, R175, V136,
1229, S323, ROBE, S1058/T1610 and E168. Methods for detecting EGFR and c-Met

muitations or gene amplifications are well known.

Exemplary cancers that are amenable 1o treatment by the bispecific EGFR/c-Met
FN3 domain containing molecule, the EGFR binding FN3 domain or the c-Met binding
FN3 domain of the mvention inchude epithelial cell cancers, breast cancer, ovarian cancer,
tung cancer, non-small cell lung cancer (NSCLC), hung adenocarcinoma, colorectal
cancer, anal cancer, prostate cancer, kidney cancer, bladder cancer, head and neck cancer,

ovarian cancer, pancreatic cancer, skin cancer, oral cancer, csophageal cancer, vaginal

ity

cancer, cervical cancer, cancer of the spleen, testicular cancer, gastric cancer, cancer of
the thymus, colon cancer, thywoid cancer, iver cancer, or sporadic or hereditary papilla

enal carcinoma {PRCCO),

g

The FN3 domains that specifically bind c-Met and block binding of HGF to ¢-Met
of the tnvention may be for treatment of fumors, inchiding cancers and benign tumors.
Cancers that are arnenable to treatiaeat by the o-Met binding FN3 domains of the
mvention include those that overexpress c-Met. Excraplary cancers that are amenable to
reatraent by the FN3 domains of the invention wnchude epithelial cell cancers, breast
cancer, ovarian cancer, lung cancer, colorectal cancer, anal cancer, prosiate cancer, kidney
cancer, bladder cancer, head and neck cancer, ovanan cancer, pancreatic cancer, skin
cancer, oral cancer, esophageal cancer, vaginal cancer, cervical cancer, cancer of the
spleen, testicular cancer, and cancer of the thymus.

The FN3 domains that specifically bind EGFR and blocks binding of EGF to the
EGFR of the invention may be used for treatment of tumors, including cancers and benign
wmors. Cancers that are amenable to treatment by the FN3 domains of the invention
nchade those that overexpress EGFR or variants. Exemplary cancers that are amenable to
treatment by the FN3 domains of the invention inciude epithelial cell cancers, breast
cancer, ovarian cancer, lung cancer, colorectal cancer, anal cancer, prostate cancer, kidney

cancer, bladder cancer, head and neck cancer, ovarian cancer, pancrcatic cancer, skin
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cancer, oral cancer, esophageal cancer, vaginal cancer, cervical cancer, cancer of the
splecn, testicular cancer, and cancer of the thyraus.

In some methods described herein, the bispecific EGFR/c-Met FN3 domain
containing molecule, the EGFR binding FN3 domain or the c-Met binding FN3 domain of
the 1nvention may be used to ireal a subject with a cancer that is resistant or has acgquired
resisiance 1o treatment! with one or more EGFR inhibitors.  Exemplary EGFR inhibitors
for which cancer may acquire resistance are anti-EGFR antibodies cetuximab (Frbitux™},
pantinumumab {Vectibix®), matuzumab, nimotuzumab, small molecule EGFR inhibitors
Tarceva® {erlotinib), IRESSA (gefitinib), EKB-569 (pelitinib, irreversible EGFR TKI),

an-ErbB and other receptor tyrosine kinase inhibitors  lapatinib (EGFR and HERZ
nhibitor), pelitinib (EGFR and HER?2 inhibitor),vandetanib (ZD6474,
ZACTIMA™ . EGFR, VEGFRZ and RET TKI), PFO0299804 (dacomitinib, irreversible pan-
ErbB TKE) , CI-1033 (rreversible pan-erbB TKI), afatinib (BIBW2992, nreversible pan-
ErbB TKI), AV-412 {dual EGFR and EhB2 whibitor}EXEL-7647 (EGFR, ErbB2,
GEVGR and EpbB4 inhibitor), CO-1686 (irreversibie rautant-selective EGFR TKI),
AZDG291 (nreversible mutant-selective EGFR TKIand HKI-272 (neratinib, nreversible
EGFR/ErBB2 inhibitor). The methods described herein may be used to treat cancer that is
resistant or has acquired resistance o treatment with gefitinib, erlotinib, afatintb, CO-
1686, AZD9291 and/or cetuimab. Exemplary bispecific EGFR/c-Met FN3 domain
containing molecules, the EGFR binding FN3 domains or the c-Met binding FN3 domains
that can be used are those described herein having amino acid sequences shown in SEQ 1D
NQOs: 18-29, 107-110, 122-137, 194-211, 32-49, 111-114, 212-223, 50-72, 106, 118-121,
138-165, 170-178 or 190-193.

Another aspect of the invention is a method of treating a subject having cancer,
comprising administering a therapeutically effective amount of the bispecific EGFR/c-Met
FN3 domain containing molecule, the FN3 domain that specifically bind c-Met or the FN3
domain that specifically bind EGFR to a patient in need thereof for a time sufficient to
treat the cancer, wherein the subject is resistant or has acquired resistant to treatment with
erlotinib, gefitinib, afatinib, CO-1686 (CAS number: 1374640-70-6), AZDY291 or
cetuxinab.

Various qualifative and/or quantitative methods may be used to determine if 2
subject is resistant, has developed or is susceptible to developing a resistance to treatment
with an EGFR mbibitor. Symptoms that may be associated with resistance o an EGFR

whibitor include, for example, a decline or platean of the well-being of the patient, an
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wcrease in the size of a tumor, arrested or slowed dechne in growth of a tumer, and/or the

spread of cancerous cells in the body from one location to other organs, tissues or cell

w2

Re-establishroent or worsening of various symptoms associated with cancer may also be
an indication that a subject has developed or is susceptible o developing resistanice (o
EGFR ishibitors, such as anorexia, cognitive dysfunction, depression, dyspnea, fatigue,
hormonal disturbances, neutropenia, pain, penipheral nevropathy, and sexual dysfunction.
The symptoms associated with cancer may vary according to the type of cancer. For
example, symptonis associated with cervical cancer may include abnormal bleeding,
umisual heavy vaginal discharge, pelvic pain that is not related to the normal menstrual
cycle, bladder pain or pain during urination, and bleeding between regular menstrual
periods, afier sexual intercourse, douching, or pelvic exam. Symptoms associated with
lung cancer may include persistent cough, coughing up blood, shortness of breath
wheering chest pain, Joss of appetite, losing weight without trying and fatigue

Syroploras for liver cancer may ncludeloss of appetite and weight, abdominal pain,
especiaily 1n the upper right part of abdomen that may extend info the back and shoulder,
nagsea and vomiting, general weakness and faligue, an enlarged hiver, abdominal swelling
{ascites), and a yellow discoloration of the skin and the whites of eyes (jaundice}. One
skilled 1 oncelogy may readily identify symptoms associated with 3 particular cancer

type.

Others moeans o determine if a subject bas developed a resistance to an EGFR
mhibitor inclode examining EGFR phosphorylation, ERK1/2 phosphorylation and/or AKT
phosphorylation in cancer cells, where increased phosphorylation may be indicative that
the subject has developed or is susceptible to developing resistance o an EGFR iphibito
Methods of determining EGFR, ERK1/2 and/or AKT phosphorylation are well known and
described herein. Identification of a subject who has developed a resistance to an EGFR
whibitor may involve delection of clevated c-Met expression levels or elevaied c-Met
activily, for example, arising from increased levels of circulating HGF, an activating

muiation of the ¢c-Met gene or 2 c-Met gene amplification.

Another embodiment of the invention is a method of treating NSCLC in a patient
having an NSCLC tumor or tumor metastasis having an activating EGFR mutation or
EGFR gene ampiification, comprising administering fo the patieni a therapeutically
effective amount of the bispecific EGFR/c-Met FN3 domain containing molecuie, the

EGFR binding FIN3 domain or the c-Met binding FN3 domain of the invention.
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The bispecific EGFR/e-Met FN3 doroain containing mwolecule, the EGFR binding
FN3 dorain or the ¢-Met hinding FN3 domain of the invention can be used to treat non-
sall cell lung cancer (NSCLC), which inclhudes squamous cell carciooma,
adenocarcinoma, and large cell carcinoma. In some embodiments, cells of the NSCLC
have an epithelial phenotype. In some embodiments, the NSCLC has acguired resistance

10 treatment with one or more EGFR inhibitors.

In NSCLC, specific mutations in the EGFR gene are associaled with high
response rales {7¢-80%) to EGFR tyrosine kinase inhibutors (EGFR-TKIs). A 5 amino
acid deletion in exon 19 or the point mutation L8588 m EGFR are asscciated with EGFR-
TKI sensitivity (Nakala and Gotoh, Expert Opin Ther Targets 16 :771-781, 2012). These
muitations result in a ligand-independent activation of the EGFR kinase activity.
Activating EGFR mutations occur in 10-30% of NSCLC patients and are significantly
more common in Bast Asians, women, never smokers, and patients with adenocarcinoma
histology (Janne and Johnson Clin Cancer Res 12{14 Suppl): 4416s5-4428s, 2006}, EGFR
gcnc amplification s also strongly correlated with respounse after EGFR-TKI treatment

{Cappuzzo ef al., J Natl Cancer Inst 97:643-55, 2005},

Atlthough the majority of NSCLC patients with EGFR mutations initially respond
to EGFR TKI therapy, virtually all acquire resistance that prevents a durable response. 50-
60% of patients acquire resistance due to a second-site point mutation in the kinas
domain of EGFR (T790M). Nearly 60% of all tumors that become resistant to EGFR
tyrosine kinase inbibiiors increase ¢-Met expression, amplify the ¢-Met gene, or increase
its oniv known ligand, HGF {Turke ef ol Cancer Celi, 17:77-88, 2010},

Ancther eombodioents of the invention is 2 method of treating patient having
cancer, comaprising administering a therapeutically effective amount of the bispecific
EGFR/c-Met FN3 domain containing molecule, the EGFR binding FN3 domain or the o-
Met binding FN3 domain of the juvention fo a patiend in need thereof for a time sufficient
i treat the cancer, wherein the cancer is associated with an EGFR activating mutation, an
EGFER gene amphification, 3 c-Met activating motation or a o-Met gene amplification.

In some embodiments the EGFR activating mutation is G719A, G719X (X bemng
any amino acid}, L861X (X being any anuno acid), L8S8R, E746K, L7478, E749(,
ATS0P, ATS5Y, V765M, LE533P or T790M substitution, deletion of E746-A750, deletion
of R748-P753, insertion of Ala {A) between M766 and A767, insertion of Ser, Val and Ala
{SVA) between S768 and V769, and insertion of Asn and Ser (NS) between P772 and

H773.
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Another erahodiments of the mvention is a method of frealing patient having
cancer, comprising adnminisiering a therapeutically effective amount of the bispecific
EGFR/c-Met FN3 domain contajning maolecule, the EGFR hinding FN3 domain or the ¢-
Met binding FN3 domain of the invention to a patient 1 need thereof {or a time sufficient
1o treat the cancer, wherein the cancer 18 associated with an EGFR mnstation 1.858R,
T790M or deletion of residues E746-A750 (del{E746, A750)), EGFR amplification or ¢-

Met amplification.

In some embodiments, the cancer s associated with wild type EGFR and wild

type c-Met.

In some embediraents, the cancer is assaciated with wild type EGFR and ¢-Met

amplification.

In some ¢mbodiments, the cancer 1s associaled with EGFR L838R and T790M

moutations and wild type o-Met.

In some embodiments, the cancer is associated with EGFR deletion del (E764,

AT750) and wild type c-Met.

In some enibodiments, the cancer is assoctaied with EGFR deletion del{E764
' 9

AT750) and c-Met amplification.

In some embodiments, the cancer is associated with EGFR deletion del{ £764,

AT50), EGFR amplification and c-Met amplification.

In some embodiments, the patient has a NSCLC associated with EGFR L858R

and T790M mutations and wild type ¢-Met.

In some embodiments, the patient has a NSCLC associated with EGFR

amphification and wild type ¢-Met.

In some embodiments, the patient has a NSCLC agsociated with EGFR

amplification and c-Met amplification.

0 sorue emnbodiments, the patient has a NSCLC associated with EGFR deletio
In hodiments, tient h NSCLC ted with EGFR deletion

del{ £764, A750) and wild type ¢-Met.

o sorue ernhodiments, the patient has a NSCLC associated with EGER deletion
del{ E764, A750) and ¢-Met amplification. Amplification of EGFR or ¢-Met may be
vahiated by standard methods, for example by determining the copy number of the EGFR

or ¢-Met gene by southern blotting, FISH, or comparative genomic hybndization (CGH}

N
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The terms “real” or “frealment” refers to both therapeutic treatment and

prophylactic or preventative measures, wherein the ohject is to prevent or slow down
(Jessen} an undesired physinlogical change or disorder, such as the development or spread
of cancer. For purposes of this invention, beneficial or desired climical resulis include, but
are not limited to, alleviation of symptoms, dimimshment of extent of disease, stabilized
{i.e., not worsening} state of discase, delay or slowing of disease progression, amelioration
or palliation of the discase state, and remission {(whether partial or total), whether
detectable or undetectable. “Treatment” can also mean prolonging survival as compared o
expected survival if not receiving treatment. Those in need of treatment inchide those
already with the condition or disorder as well as those prone to have the condition or

disorder or those in which the condition or disorder is to be prevented.

A “therapeutically effective amount” refers o an amount effective, at dosages and
for periods of time necessary, to achieve a desired therapeutic result. A therapeutically
cffective amount of the bispecific EGFR/c-Met FN3 domain containing melecule, the
EGFR binding FN3 domain or the ¢-Met binding FN3 domain of the invention meay vary
according to factors such as the discase state, age, sex, and weighi of the individual, and
the abuity of the bispecific EGFR/c-Met FN3 domain containing molecule, the EGFR
binding FN3 domain or the ¢-Met binding FN3 doruain of the wnvention to elicit a desived
response 1 the individual. Exemplary jndicators of an effective EGFR/c-Met therapeutic
that may decline or abate in association with resistance wciude, for example, mnproved
well-being of the patient, decrease or shrinkage of the size of a tumor, arrested or slowed
growth of a tumor, and/or absence of metasiasis of cancer cells o other locations in the

body.

Adminisivation/ Pharmaceatical Compositions

The wvention provides for pharmaceutical compositions the bispecific EGFR/e-
Met FN3 domain containing molecule, the EGFR binding FN3 domaw or the o-Met
binding FN3 domain of the mveniion and a pharmaceuiically acceptable carrier. For
therapeutic use, the bispecific EGFR/c-Met FN3 domain containing molecoles, the EGFR-
binding FN3 domains or the o-Met-binding FN3 domains of the invention may be
prepared as pharmaceutical compositions containing an effective amount of the domain or
molecule as an active ingredient in a pharmaceutically acceptable carrier. The term
"carrier” refers to a dilaent, adjuvant, excipient, or vehicle with which the active

corapound is administered. Such vehicles can be liquids, such as water and oils, inclading
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those of petroleum, animal, vegelable or synthetic origin, such as peanut oil, soybean oil,
wineral oil, sesame oil and the ke, For exaraple, 0.4% saline and 0.3% glycine can be
used. These solutions are sterile and generally free of particulate matter. They mway be
sterilized by conventional, well-known sterilization techniques {e.g., filtration}. The

compositions may contain pharmacentically acceplable auxiliary substances as required to

approximate physiological conditions such as pH adjusting and buffering agents,

stabilizing, thickening, labricating and coloring agents, etc. The concentration of the
molecules of the invention n such pharmaceutical formulation can vary widely, ie, from
less than about 0.5%, usually at least about 1% to as much as 15 or 209 by weight and
will be selected primarily based on required dose, fluid volumes, viscosities, etc.,
according to the particular mode of administration selected. Suitable vehicles and
formulations, inclusive of other human proteins, ¢.g., human serun: albursin, are
described, for exaraple, in e.g. Reminglon: The Science and Practice of Pharmacy, 21
Edition, Troy, [LR. ed,, Lipincott Williarns and Wilkins, Phiadelphia, PA 2006, Part 5,
Pharmaceutical Manufacturing pp 691-1092, See especially pp. 958-989,

The mode of adnumstration for therapeutic use of the bispecific EGFR/c-Met FN3
domain containing molecules, the EGFR binding FN3 domains or the ¢-Met binding FN3
domains of the invention may be any suiiable route that delivers the agent io the host, such
as parenteral administration, ¢.g., intradermal, intramuscular, intrapenioneal, mntravenous
or subcutane pulmonary; transmigcosal (oral, infranasal, infravaginal, rectal), using a
formulation in a tablet, capsule, solution, powder, gel., particle; and contained m a syringe,
an implanted device, osmotic pump, cariridge, micropump; or other means appreciated by
the skilled artisan, as well known in the art. Site specific admiunistration may be achieved
by for exampie intrarticular, indrabronchial, intraabdominal, intracapsular,
intracartifaginous, indracavitary, intracelial, intracerebellar, intracerchroventricular,
wntracolic, intracervical, intragasiic, intrahepatic, intracardial, intraosieal, intrapelvic,
wtrapericardiac, indraperitoneal, juftapicural, indraprostatic, infrapulmonary, indratecial,
wntrarenal, intraretinal, intraspinel, intragynovial, wntrathoracic, wirautering, wtravascular,
wiravesical, intralesional, vaginal, rectal, buccal, sublingual, intranasal, or transdermal
delivery.

Thus, a pharmaceutical composition of the invention for intramuscular injection
could be prepared to contain | mi sterile buffered water, and between about 1 ng to about
100 mg, e.g. about 50 ng to about 30 mg or more preferably, about 5 mg to about 25 mg,

of the FN3 domain of the invention.
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The bispecific EGFR/c-Met FN3 domain containing mwolecules, the EGFR binding
FN3 dornains or the ¢-Met binding FN3 domains of the invention may be adrainisiered to
2 patient by any suitable woute, for example parentally by iotravenous (V) infusion or
bolus injection, intramuscularly or suboutaneously or intraperiioneally. IV infision can be
given over as bittle as 15 minutes, but more often for 30 nunudes, 60 minutes, 90 minutes
or even 2 or 3 hours. The bispecific EGFR/c-Met FN3 domain containing melecules, the
EGFR binding FN3 domains or the c-Met binding FN3 domains of the invention may also
be injected directly into the site of disease {e.g., the tumor itself). The dose given o a
patient having a cancer is sufficient {o alleviate or at least partially arrest the disease being
treated (“‘therapeutically effective amount”) and may be sometimes 0.1 to 10 mg/kg body
weight, for example 1, 2, 3, 4, 5,6, 7, 8, 9 or 10 mg/ke, but may even higher, for example
15, 20, 30, 40, 50, 60, 70, 80, 90 or 100 meg/ke. A fixed unit dose may also be given, for
exaraple, 50, 100, 200, 500 or 1600 mg, or the dose may be based on the patient’s surface
area, e.g., 400, 300, 256, 200, or 100 mag/ra”. Usually between 1 and 8 doses, {e.2., 1, 2,
3,4, 5,6, 7or 8) may be administered 1o treat cancer, but 10, 12, 20 or more doses may be
given. Administration of the bispecific EGFR/c-Met FN3 domain contaimning molecules,
the EGFR binding FN3 domains or the ¢-Met binding FN3 domains of the invention may
be repeated after one day, two days, three days, foor days, five days, six days. one week,
two weeks, three weeks, one onth, five weeks, six weeks, seven weeks, two months,
three months, four months, {ive months, six months or longer. Repeated courses of
treatment are also possible, as is chronic administration. The repeated administration may
be at the same dose or at a different dose.

For example, a pharmaceutical coraposition of the hispecific EGFR/c-Met FN3
domain containing molecules, the EGFR binding FIN3 domains or the ¢c-Met binding FN3
domains of the invention for intravencus infusion may be made up to contain about 200 ml
of sterile Ringet's solution, and about 8 mg o about 2400 g, about 400 mg to about 1660
g, or about 406 mg to about 800 mg of the bispecific EGFR/c-Met antibody for
adroinisiration o a 86 kg patient. Methads for preparing parenterally administrable
compositions are well known and are described in more detail in, for example,
"Remunglon's Pharmaceutical Science”, 15th ed., Mack Publishing Company, Easton, PA.

The bispecific EGFR/c-Met FN3 domain contaiming molecules, the EGFR-binding
FN3 domains or the c-Met-bmnding FN3 domains of the invention can be lyophilized for
storage and reconstituted in a suitable carrier prior to use. This technique has been shown
o be effective with conventional protein preparations and art-known lyophilization and

reconstitution technigues can be employed.
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The bispecific EGFR/c-Met FN3 domain containing rolecules, the EGFR-binding
FN3 dorains or the ¢-Met-binding FN3 domains of the jnvention may be administered to
2 subject in a single dose or the admimstration may be repeated, e.g. after one day, two
days, three days, five days, six days, one week, two weeks, three weeks, one month, five
weeks, six weeks, seven weeks, two months or three months. The repeated adninistration
can be at the same dose or al a different dose. The administration can be repeated once,
twice, three times, four times, five times, six times, seven tinies, eight times, nine times,
ten times, Or More.

The bispecific EGFR/c-Met FN3 domain containing molecules, the EGFR-binding
FN3 domains or the c-Met-binding FN3 domains of the invention may be administered in
combination with a second therapeutic agent siraultaneously, sequentiaily or separately.

e second therapeutic agent may be a chemotherapeutic agent, an anti-angiogenic agent,

or a cytotoxic drug. When used for treating cancer, the bispecific EGFR/c-Met FN3
domain containing roolecules, the EGFR-binding FN3 dornains or the ¢-Met-binding FN3
dormains may be used v combination with conventional cancer therapies, such as surgery,
radiotherapy, chemotherapy or combinations thereof. Exemplary agents that can be used
in combination with the FN3 domains of the tnvention are anfagonists of HER2, HER3,
HER4, VEGF, and protein tyrosme kinase inbibitors such as Iressa® {gefitinib} and
Tarceva {erlotimb).

The bispecific EGFR/c-Met FN3 domain containing molecuies, the EGFR-binding
FN3 domains or the c-Met-binding FN3 domainmay be administered together with any
one or more of the chemotherapeutic drugs or other anti-cancer therapeutics known to
those of skill in the art. Chemotherapeutic agents are chemical compounds useful in the
treatment of cancer and include growth inhibitory agents or other cytotoxic agents and
wnchade alkylating ageunts, anti-metabolites, anti-microtitbule inhibitors, topoisomerase
whibitors, receptor tyrosine kinase inhibitors, angiogenesis inhibitors and the like.
Examples of chernotherapeutic agents wnclude alkylating agents such as thiotepa and
cyclosphospharnide (CYTOXAN®Y); alkyl sulfonates such as busulfan, improsulfan and
piposulian; aziridines such as benzodopa, carboquone, metaredopa, and uredopa;
ethylenimines and methylamelamines including altretamine, tnethylenemelamine,
triety lenephosphoramide, triethylenethiophosphaoramide and trimethylolomelamine;
nitrogen mustards such as chiorambucil, chlornaphazine, cholophosphamide, estramustine,
iostamide, mechlorethanine, mechlorethaniine oxide hydrochloride, melphalan,
novembichin, phenesterine, predmimustine, trofosfamide, wracil mustard; nitrosureas such

as carmusting, chlorozotlocin, fotemustine, lomustine, nimustine, ranimustineg; antibiotics
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such as aclacinoraysios, actinomycin, authramycin, azaserine, hleorayeins, cactinonycin,
calicheamicin, carabicin, carminemycin, carzinophilin, chromomycins, dactinoraycin,
dauncrubicin, detorubicin, 6-diazo-S-oxo-L-norleucine, doxorubicin, epitubicin,
esorubicin, idarabicin, marcellomycin, mitomyeins, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, potfiromycin, puromycin, quelamycin, rodorgbicin,
streptomigrin, strepiozocin, tibercidin, obenimex, zinostalin, zorabicing anti-metabolites
such as methotrexate and 5-FU: folic acid analogues such as denopierin, methotrexate,
pteropterin, trimetrexate; purine analogues such as fludarabine, 6-mercaptopurine,
thiamiprine, thioguanine; pyrimidine analogues such as ancitabine, azacitidine, 6-
azauridine, carniofir, cytarabine, dideoxyuridine, doxifloridine, enocitabine, tloxuridine;
androgens such as calusterone, dromostanolone propionate, epitiostanc], mepitiostane,
testolactone; anti-adrenals such as aminogiutethindde, mitotane, trilostane; folic acid
replerisher such as frolinic acid; aceglatone; aldophosphbanude glycoside; aminolevulinic
acid; amsacring; bestrabuct; bisantrene; edatraxate; defofarnine; demecolcine; diazmiguone;
clfornithine; elliptinium acetate; etoghucid; gallium nitrate; hydroxyurea; lentinan;
lonidamine; mitoguazone; nitoxantrong; mopidamol; nitracrine; pendostatin; phenamet;
prrarabicing podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK®; razonane;
sizofiran; spirogermanivm; lenuazonic acid; riaziguone; 2,2',2"-trichlorotriethylamine;
urethan; vindesine; dacarbazine; mannonstine; mitobronitol; mitolactol; pipobroman;
gacytosine; arabinoside (" Ara-C"); cyclophosphamide; thiotepa; members of taxoid or
taxane family, such as paclitaxel (TAXOL®docetaxel (TAXUOTERE®) and analogies
thereof; chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine; methotrexate;
platinum analogues such as cisplatin and carbopiatin; vinblastine; platinuny efoposide
(VP-16); ifostamide; mitomycin C; nudtoxanirone; vineristine; vinoreibing; navelbine;
novantrone; teniposide; daumongycing aminoptering xeloda; ibandronate; CPT-11;
topoisomerase inhibitor RFS 2000; diffuoromethylomithine {DMFO); retinoic acid;
esperamicing; capectiabine; whibitors of receptor tyrosine kinases and/or angiogencsis,
wchading sorafenib (NEXAVAR® ), sunttintb (SUTENT® ), pazopanib (VOTRIENT™),
toceranib (PALLADIA™), vandetanib (ZACTIMA™), cediranib {(RECENTIN®),
regorafenib (BAY 73-4506), axitinib (AGO13738), lestaurtinib (CEP-701}, erlonmb
{TARCEVA®}, gefitinib JRESSA™), RIBW 2992 (TOVOK™), lapatintb (TYKERB®),

b
H
i

neratinib (HKE-272}, and the kke, and pharmaceutically acceptable salis, acids or
derivatives of any of the above. Also mmcluded in this definition are anti-hormonal agents
that act to regulate or mhibit hormone action on tumors such as anti-estrogens including

for example tamoxifen, raloxifene, aromatase inhibiting 4(5)-imidazoles, 4-
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hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onaprismne, and toremifene
(FARESTON®R); and anti-androgens such as flutaraide, rilutaraide, bicalutamade,
leuprolide, and goserelin; and phatuaceutically acceptable salts, acids or derivatives of
any of the above. Other conventional cytotoxic chemical compounds as those disclosed in
Wiemann et al., 1985, in Medical Oncology {Calabresi et al, eds.}, Chapter 10, McMillan
Publishing, are also applicable to the methods of the present invention.

Exemplary agents that may be used in combination with the bispecific EGFR/¢-
Met FN3 domain containing molecules, the EGFR-binding FN3 domains or the ¢-Met-
binding FN3 domaininclude tyrosine kinase inhibitors and targeted anti-cancer therapies
such as Iressa® (gefitinib} and

Tarceva {erlotinib) and other antagonists of HER2, HER3, HER4 or VEGF.
Excmplary HERZ antagonists include CP-724-714, HERCEPTIN™ (trasturumab),
OMNITARG™ (pertuzumab), TAK-163, lapatinib (EGFR and HERZ inhibtior), and GW-
282974, . Excruplary HERS antagonists include anti-Her3 antibodies {(sce e.g., U.S. Pat.
Publ. No. US2004/0197332). Excmplary HER4 antagonists inchude anti-HER4S siRNAs
{sce e.g., Maalta of 2/, Mol Biol Cell 17: 67-79, 2006,. An exemplary VEGF antagonist is
Bevacizumab {Avastin™),

When a small molecule is used m combination with the bispecific EGFR/c-Met
FN3 domain containing molecules, the EGFR-binding FN3 domaius or the e-Met-binding
FN3 domains of the invention, 1t is typically administered more often, preferably once a
day, but 2, 3, 4 or more times per day is also possible, as is every two days, weekly or at
some other interval. Small molecule drugs are often taken orally but parenteral
adroinistration is also possible, ¢.g., by I'V infusion or bolus injection or subcutancously or
wtramuscularly. Doses of small molecule drugs may typically be from 10 10 1000 mg, or
about 100, 150, 200 or 250 mg.

When the bispecific EGFR/c-Met FN3 domain containing molecules, the EGFR-
binding FIN3 domains or the ¢-Met-binding FN3 donains of the invention is adrinistered
1 combination with a second therapeutic ageunt, the combination may take place aver any
convenient imeframe. For example, the bispecific EGFR/c-Met FN3 domain containing
molecule, the EGFR-binding FN3 domain or the o-Met-binding FN3 domain of the
mvention and the second therapeutic agent may be administered to a patient on the same
day, and even in the same intravenous infusion. However, the bispecific EGFR/¢c-Met
FN3 domain containing molecule, the EGFR-binding FN3 domain or the c-Met-binding
FN3 domain of the invention and the second therapeutic agent may also be administered

on alternating days or allernating weeks, fortnights or months, and so on. In some

W
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wethods, the bispecific EGFR/c-Met FN3 domain containing raolecule, the EGFR-
hinding FN3 domain ar the ¢-Met-binding FN3 domain of the roveniion and the second
therapeutic agent are adraimstered with sufficient proximily 1o time that they are
sunolianecusly present {e.g., in the serom) at detectabie levels in the patient being treated.
{n some methods, an entive course of treatment of the bispecific BEGFR/e-Met FN3
domain coniaining molecule, the EGFR-binding FN3 domain or the c-Met-binding FN3
domain of the invention consisting of a mumber of doses over a time period 1s followed or
preceded by a course of freatment of the second therapeutic agent also consisting of a
number of doses. In some methods, ireatment with the bispecific EGFR/c-Met FN3
domain containing molecule, the EGFR-binding FN3 domain or the c-Met-binding FN3
domain of the inveniion adminisicred second is begun if the patient has resistance or
de‘v’els')ps resistance to the second therapeutic agent adnunistered initially. The patient may
receive anly a single course or raultiple courses of treatment with one or both th
bigpecific EGFR/c-Met FN3 domaw containing ronlecule, the EGFR-binding FN3 domain
or the o-Met-binding FN3 domain of the invention and the sccond therapeutic agent. A
recovery period of 1, 2 or several days or weeks may be used between admimistration of
the bispecific EGFR/c-Met FN3 domain containing molecule, the EGFR-binding FN3
domain or the o-Met-binding FN3 domain of the invention and the second therapentic
agent. When a suitable treatient regiment has already been established for the second
therapeutic agent, that regimen may be used in combination with the bispecific EGFR/c-
Met FN3 domain containing molecule, the EGFR-binding FN3 domain or the ¢c-Met-
binding FN3 domain of the invention. For example, Tarceva® (erlotinib) is taken as a 1060
mg or 150 mz pifl onee a day, and Iressa® (gefiiinib) s taken as 250 mg tablet daily.

The bispecific EGFR/c-Met FIN3 domain containing molecule, the EGFR-binding
FN3 domain or the c-Met-binding FN3 domain of the invention, optionally in combination

with the sccond therapeutic agend may be adminisiered together with any form of radiation

therapy wchiding external beam radiation, intensity modulated radiation therapy (IMRT)
and any foru of radiosurgery including Gararua Koife, Cyberknife, Linac, and jutersiitial
radiation (e.g. implanted radioactive seeds, GliaSite balloon}, and/or with surgery.
Combination with radiation therapy can be especially appropriate for head and neck cancer

and brain tumors.

‘While having described the ivention in general terms, the embodiments of the
mvention will be further disclosed in the following exampies that should not be construed

as limiting the scope of the claims.
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EXAMPLE L. Constructisn of Tencon Bbraries

Tencon (REQ 1D NG: 1) i an wurwnoglobubin-like scaffold, fibronectin type T
{FN3) domain, designed from a consensus sequence of fifteen FN3 domains from human
tenascin-C (Jacobs er ¢, Protein Enginecring, Besign, and Selecuon, 25:107-117, 2012;
ULS. Pat. Publ. No. 2010/0216708). The crystal structure of Tencon shows six surface-
exposed loops that connect seven beta-sirands. These loops, or selected residuies within
each loop, can be randomized in order to construct libraries of fibronectin type HI (FN3)

domains that can be used to select novel molecules that bind to specific targets.
Tencon:

LPAPENLVVSEVTEDSLRLSWTAPDAAFDSFLIQYQESEKVGEAINLTVPGSERSYDLTGLK
POTEYTVSIYOGVEGGHRSNPLSAEFTT (SEQ D NO 1)

Constractisn of TCLY Hbrary

A library designed to randomize only the FG loop of Tencon (SEQ 1D NG 1),
TCL 1, was constructed for use with the cis-display system (Jacohs ef ¢/, Proicin
Eungincering, Design, and Selection, 25:107-117, 2012). In this system, a single-strand
DINA incorporaling sequenices for a Tac promoler, Tencon library coding sequence, RepA
coding sequence, cis-element, and ori element 18 produced. Upon expression in an in vifro
transcription/translation syster, a complex is produced of the Tencon-RepA {usion protein
bound in ¢is to the DNA from which it is encoded. Complexes that bind to a target
molecule are then isolated and amplified by polymerase chain reaction (PCR), as

described below.

Construction of the TCL1 library for use with cis-display was achieved by
successive rounds of PCR to produce the final linear, double-stranded DNA molecules in
two halves; the 57 fragment contains the promoter and Tencon sequences, while the 37
fragment contains the repd gene and the cis- and ol elements. These two halves are
combined by restriction digest in order to produce the entive construct. The TCL] library
was designed to incorporate randont amine acids only i the FG loop of Tencon,
KGGHRSN (5EQ ID NG: 86). NNS codons were used in the construction of this library,
resuliing 1 the possible incorporation of all 20 amino acids and one stop codon indo the
FG loop. The TCL library contains six separate sub-libraries, each having a different
randomized FG loop length, from 7 to 12 residues, 1 order fo further increase diversity.

Design of tencon-hased libraries are shown in Table 2.

W
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Table 2.

Laibraty BC Loop Desizn FGLoop Pesign

WT Tencon TAPDAAFD* KGGHRSN**

TCLY TAPDAAFD® XXXKXXX
$:0.0.9.9.¢.¢.9.4
):6.9.9:9.9.¢.9.9.4
£9.9.0.0.9.0.9.9.0.4
29.9.9,0.0:9.9.9.0:9.4

TCL2 HEpHR HHEESHE

*TAPDAAFD: residues 22-28 of SEQ ID NOn 1;
FRGGHRSN: SEQ ID NO: 86
X refers fo degenerate amino actds encoded by NNS codons.

# refers to the “designed distribution of arainn acids” described iu the fext.

To construct the TCL 1 library, successive rounds of PCR were performed 1o
append the Tac promoter, build degencracy 1nto the FG loop, and add necessary resiriction
sites for final asserobly. First, 2 DNA scquence containing the promoier sequence and
Tencon sequence 5° of the FG loop was generated by PCR i two steps. DNA
corresponding 1o the foll Tencon gene sequence was used as a PCR template with primers
POP2220 (SEQID NO: 23 and TCS5toFG (SEQID NO: 3). The resulting PCR product
from this reaction was used as a2 template for the next round of PCR amplification with
primers 130mer (SEQID NO: 4) and Te5toFG to complete the appending of the 57 and
promoter sequences to Tencon. Next, diversity was introduced into the FG loop by
amplifying the DNA product produced in the first step with forward primer POP2222
(SEQID NO: 5}, and reverse priraers TCF7 (SEQID NG: 6), TCF8 (SEQID NO: 7},
TCF9 (SEQID NOG: 8), TCFI0 (SEQID NO: 9), TCF1 (SEQID N NO: 10}, or TCFi2
(SEQID NO: 11}, which contain degenerate nucleotides. At least eight 100 ul PCR
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reactions were performed for each sub-lbrary to roipioize PCR cycles and maximize the
diversity of the library. Al least 5 ug of this PCR product were gel-purified and vsed ina
subscquent PCR step, with primers POP2222 (SEQ 1D NO: 5) and POP2234 {(SEQID NG:
12}, resulting in the attachment of a 6xHis tag and Notl restriction site to the 37 end of the
Tencon sequence. This PCR reaclion was camied out using only fifleen PCR cycles and at
least 50¢ ng of template DNA. The resuliing PCR product was gel-purified, digested with

Notl restriction enzyme, and purified by Qiagen colomn.

The 37 fragment of the library is a constani PBNA sequence containing elements for
display, incloding a PspOMI restiriction site, the coding region of the repd gene, and the
cis- and ort elements. PCR reactions were performed using a plasmid (pCR4Blont)
(Invitrogen} containing this DNA fragment with M13 Forward and M13 Reverse primers.
The resulting PCR products were digested by PspOMI overnight and gel-purified. To
ligate the 5 portion of library DNA to the 3° DNA containing the repd gene, 2 pmol of 57
DNA were ligated to an equal molar amount of 3” repd DNA n the presence of Notf and
PspOMI enzymes and T4 ligase. After overnight ligation at 37°C, a small portion of the
ligated DINA was run on 2 gel to check ligation efficiency. The ligated library product was
split info twelve PCR amplifications and a {2-cycle PCR reaction was run with pruner paw
POP2250 (SEQID NG: 13) and DidLigRev (SEQID NG: 14). The DNA yield for each

sub-iibrary of TCL1 Ubrary ranged from 32-34 ug.

To asscss the quality of the library, a small portion of the working Hbrary was
araphified with primers TeonSnew?2 (SEQID NO: 15) and Teons (SEQID NO: 16), and
was cloned nto a modified pET vector via ligase-independent cloning. The plasouid DNA
was transformed inic BL21-GOLD (DE3) corapetent cells (Siratagene) and 96 randomly
picked colonies were sequenced using a T7 promoter primer. No daplicate sequences
were found. Overall, approximately 76-85% of clones had a comiplete promoter and
Tencon coding sequence without frame-shift motation. The functional sequence rale,

which excludes clones with STOP codons, was between 59% and 80%.

Construction of TCL2 Library

TCL2 bbrary was coustructed it which both the BC and the FG loops of Tencon
were randomized and the distnibution of amino acids al each position was strictly
controlled. Table 3 shows the amine acid disiribution at desired loop positions in the

TCL2 bibrary. The designed amino acid distribotion had two aims. First, the Bbrary was

W
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hiased oward residucs that were predicied to be structurally iraportant for Tencon folding
and stability based on analysis of the Tencon crystal structure and/or from horaology
modeling. For example, position 29 was fixed to be ouly a subset of hydrophobic amine
acids, as this residue was boried in the hydrophobic core of the Tencon fold. A second
layer of design included bissing the amino acid distribution toward that of residues
preferentially found n the heavy chain HCDR3 of antibodies, to efficiently produce high-
affinity binders (Birtalan ¢/ a/.. ¥ Mol Biol 377:1518-28, 2008; Olson et ¢l., Proten Sci
16:476-84, 2007). Towards this goal, the “designed distribution” of Table 3 refers to the
distribution as follows: 6% alanine, 6% arginine, 3.9% asparagine, 7.5% aspartic acid,
2.5% glutamic acid, 1.5% glutamine, 15% glycine, 2.3% histidine, 2.5% isoleucine, 5%
leucine, 1.5% lvsine, 2.5% phenylalanine, 4% proline, 10% serine, 4.5% threonine, 4%
iryptophan, 17.3% fyrosine, and 4% valine. This distribution is devoid of methionine,

cysteing, and STOP codons.

Table 3.
Residue
WT residues Pustribution in the TCL2 lbrary
Position™
22 T designed distribution
23 A designed distribution
24 P 50% P+ designed distribution
25 D designed distribution
26 A 20% A+ 20% G + desigoned distribution
27 A designed distribution
8 F 20% F, 20% £, 2094 1, 20% V, 205 Y
9 D 33% D,33% E, 33% T
75 K designed distribution
76 G designed distribution
77 G designed disiribution
78 H designed disiribution
79 B designed disiribution
80 S 100% S
&1 N designed disiribution
82 P 50% P + designed distribution

W
[@a)



WO 2014/081944 PCT/US2013/071267

*residue numbering is based on Tencon sequence of SEG D NO: 1

The §° fragment of the TCL2 library contained the promoter and the coding region
of Tencon (SEQ D NO: 1}, which was chemically synthesized as a library pool (Sloning
Biotechnology). This pool of DNA contained at least 1 x 10! different members. At the

end of the fragment, a Bsal restriction site was inchaded in the design for ligation to Repd.

The 3° fragment of the library was a constant DNA sequence containing elements
for display ncluding a 6xHis tag, the coding region of the rep4 gene, and the cis-eleme
The DNA was prepared by PCR reaction using an existing DNA tenplate (above), and
primers LS1008 (SEQID NO: 17) and DidLigRev (SEQID NO: 14). To assemble the
coraplete TCL2 library, a total of | ug of Bsal-digested 5° Tencon library DNA was
ligated i 3.5 ug of the 3” fragruent that was prepared by restriction digestion with the
same enzyrae. After overnight ligation, the DINA was purified by Giagen column and the
DNA was quantified by measuring absorbance at 260 nm. The hgated library product was
amplified by a 12-cycle PCR reaction with primer pair POP2230¢ (SEQID NO: 13y and
DidLagRev (SEQID NO: 14}, A total of 72 reactions were performed, each containing 56
ng of ligated DNA products as a template. The total yield of TCL2 working library DNA
was about 100 pg. A small portion of the working library was sub-cloned and sequenced,
as described above for library TCL1. No duplicate sequences were found. About 80% of
the sequences contained complete promoter and Tencon coding sequences with no frame-

ghift mutations.
Construction of TCL14 Library

The top (BC, DE, and FG) and the bottom (AR, CD, and EF} loops, e.g., the
reported binding surfaces in the FN3 domains are separated by the beta-strands that form
the center of the FN3 structure. Alternative surfaces residing on the two “sides” of the
FN3 domains having different shapes than the surfaces formed by loops only are formed at
one side of the FN3 domain by two anti-paraliel beta-strands, the C and the F beta-strands,
and the €T3 and F(5 loops, and is herein called the C-CB-F-FG surface.

A library randomizing an alternative surface of Tencon was generated by
randonuizing select surfac oscd residucs of the C and F strands, as well as portions of
the CD and FG loops as shown 1 Figure 1. A Tencon variant, Tencon27 {(SEQ 1D NG:

99) having following substitutions when compared to Tencon (SEQ ID NO: 1) was used to
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generate the library; EUIR Li7A, N46V, E861. A full description of the methods used o
construct this hibrary is described 1o US. Pat. Publ. No. US2013/0226834.

EXAMPLE 2: Selection of fibronectin type 11 (FN3) domains that bind EGFR and
Inkibit EGF Binding

Library sereening

Cis-display was used to select EGFR binding domains from the TCL1 and TCL2
fibraries. A recomnibinant human exiracellular domain of EGFR fused to an IgGl Fe (R&D
Systems) was biotinylated using standard methods and used for panning (residues 25-645
of full length EGFR of SEQ ID NO: 73).  For in vitro transcription and translation (ITT),
2-6 pg of library DNA were incubated with 0.1 mM complete amino acids, 1X 830 premix
coraponents, and 30 gl of S30 extract (Promega) in a total volume of 100 ul and
ncubated at 30°C. After | hour, 430 uL of blocking solution (PBS pH 7.4, supplemented
with 2% bovine serum aibumin, 100 pg/md herring sperm DNA, and 1 mg/ml. heparin)
were added and the reaction was incubated onice for 15 winutes. EGFR-Fe:EGF
coraplexes were assernbled at molar ratins of 111 and 10:] EGFR 1o EGF by rowxing
recorohinant burean EGF (R&D Systems) with bintinylated recombinant EGFR-Fe in
blocking solution for 1 hour at room temperature. For binding, 500 pb of blocked ITT
reactions were mixed with 100 ub of EGFR-Fo:EGF complexes and incubated for 1 hour
at roorn temperature, after which bound complexes were pulled down with magnetic
neuiravidin or streptavidin beads (Seradyne). Unbouund library members were removed by
successive washes with PBST and PBS. After washing, DNA was eluted from the bound
complexes by heating to 65°C for 10 minutes, amplified by PCR, and attached to a DNA
fragment encoding RepA by restriction digestion and ligation for firther rounds of
panming. High affinity binders were isolated by successively lowering the concentration
of target EGFR-Fc¢ during cach round from 200 oM 1o 50 nM and increasing the washing
siringency. Inrounds 4 and 5, unbound and weakly bound FN3 domains were remaoved by
washing in the presence of a 10-fold molar excess of non-bintinylated EGFR-Fc avernight

m PBS,

Following panning, sclected FN3 domains were amplified by PCR using oligos
TeonSnew?2 (SEQID NG: 15) and Teoné (SEQID NO: 16), subcloned into a pET vector
modificd to nchude a igase wdependent cloning site, and travsformed into BL21-GOLD

{DE3) (Stratagene) cells for soluble expression in £, colf using standard molecular biology
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cchinigues. A gene sequence encoding a C-ierminal poly-bistidine 1ag was added fo cach
FN3 dornan {0 enable ponfication and deteciion. Cultures were grown to an oplical
density of 0.6-0.8 in 2YT medium supplemenied with 100 pg/ml carbeniciibo 1 -l
96-well blocks at 37°C before the addition of IPTG to 1| mM, at which point the
temperature was reduced 1o 36°C. Cells were harvested approximately 16 howrs later by
centrifugation and frozen at -20°C. Cell lysis was achieved by incubating each pelletin
0.6 mL of BogBuster® HT lysis buffer (Novagen EMD Biosciences) with shaking at room

temperature for 45 minutes.

Selection of FN3 domains that Bind EGFR on Cells

To assess the ability of different FN3 domains to bind EGFR in a more
physiclogical contexi, thewr abilily to bind A431 cells was measured. A431 cells
{American Type Cuiture Collection, cat, #CRL-1555) over-express EGFR with ~2 x 16°

cceptors per cell. Cells were plated at 5,000/ well in opaque black 96-well plaies and
allowed to attach overmight at 37°C, 10 @ humidified 3% CO: astmosphere. FN3 domain-
expressing bacterial lysates were diloted 1,000-fold into FACS stain buffer (Becion
Dickinson and incubated for 1 hour af room temperature in triplicate plates. Lysates were
removed and cells were washed 3 times with 150 ul/well of FACS stain bufier. Cells
were incubated with 50 pl/well of anti-penta His-Alexad88 antibody conjugate ((Qiagen)
diluted 1:100 m FACS stain buffer for 20 minutes at room temperature. Cells were
washed 3 tines with 150 pl/well of FACS stain bufter, afier which wells were filled with
100 L of FACS stain buffer and read for fluorescence at 488 nm using an Acumen ¢X3
reader. Bacterial fysates containing FN3 domains were screenced for their ability o bind
A431 cells {1320 crude bacterial lysates for TCL1 and TCL2 libraries) and 516 positive
clones were ideniified, where binding was =10-told over the background signual. 300
fysates from the TCL14 Jibrary were screened for binding, resulting 1o 58 unique FN3

dormain sequences that bind to EGFR.

Selection of FN3 domains that Inhibit EGF Bipding to EGFR on Cells

To better characterize the nmechanism of EGFR binding, the ability of various
wdentified FIN3 domain clones to bind EGEFR in an EGF-competitive manner was measured
using A431 cells and run in parallel with the A431 binding assay screen. A431 cells were

plated at 3,000/well in opaque black 96-well plates and allowed to atiach overnight at
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37°C w a hupidified 5% CO; atraosphere. Cells were incubated with 50 pl/well of
1:1,000 diluted bactenial tysaie for 1 hour al room temperature 1o triplicate plaies.
Bintwoyvlated EGF {Invilrogen, cat. #8-3477) was added 1o cach well {or a final
concentration of 30 ng/mb and incobated for 10 nunutes at room temperature. Cells were
washed 3 times with 150 pl/well of FACS stain butfer. Cells were mcubated with 50
wh/well of streplavidin-phycoerythrin conjugate (Invitrogen) diluted 1:100¢ 10 FACS stain
buffer for 20 mimites at room temperatore. Cells were washed 3 times with 150 pL/well
of FACS stain buffer, after which wells were filled with 100 ul of FACS stain buffer and

read for fluorescence at 600 nm using an Acumen ¢X3 reader.

Bactenial lysates containing the FN3 domains were screened 1 the EGF
competition assay described above. 1320 crude bacterial lysates from TCL1 and TCL2
libraries were screened resulting in 451 positive clones that inhibited EGE binding by >

50%.

Expression and Purification of idestified FN3 domains binding EGFR

His-tagged FN3 domains were purified from clanfied £ coli lysates with His
MulitTrap™ HP piates (GE Healthcare) and ¢luied in buffer contawning 20 raM sodium
phosphate, 500 mM sodium chloride, and 250 mM imidazole at pH 7.4, Purified samples
were exchanged into PBS pH 7.4 for analysis using PD MultiTrap™ G-25 plates (GE

Healtheare).

Size Exclusion Chromatography Analysis

Size exclusion chromatography was used to determine the aggrezation state of the
FN3 domains binding EGFR. Aliquots (10 uL) of each purified FN3 donwain were
wjected onto a Superdex 75 5/150 column (GE Healthcare) at a {low raic of 0.3 mL/min in
a2 mobile phase of PBS pH 7.4, Elution from the column was monitored by absorbanee at
280 ura, FN3 domaiuns that exlnbited tigh levels of aggregation by SEC were exchuded

from further analysis.
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Off-Rate of Selected EGFR-hinding FN3 domains from EGFR-Fe

1

Seiect EGFR-binding FN3 domains were screened o identify those with slow oft-
rates (Ko} in binding to EGFR-Fc on a ProteOn XPR-36 instrument (Bio-Rad) to facilita
selection of high affinity binders. Goat anti-human Fe 1gG (R&D systerns), ata
concentration of 5 pg/ml., was directly obilized via amine coupling {at pH 5.0) ou all
6 ligand chanuels 1o horizontal orientation on the chip with a flow rate of 30 g/ in
PBS containing (¢.005% Tween-2¢. The immobilization densities averaged about 150¢
Response Units (RU} with less than 5% variation among different channels. EGFR-Fe
was caplured on the anti-human Fe IgG surface (o 2 density around 600 RU in vertical
ligand orientation. All tested FN3 domains were normalized 1o a2 concentration of 1 M
and tested for their binding in horizontal orientation. All 6 analyte channels were used for
the FN3 domains to maximize screening throughpul. The dissociation phase was
monitored for 10 minuies at a flow rate of 100 pl/min. The inter-spot binding signals
were used as references to monifor non-speciiic binding between analytes and the
mmobilized Tg( surface, and were subtracted from ali binding responses. The processed
binding data were locally fitto a 111 simple Langmuir binding model to extract the ke for

cach FN3 domain binding to captured EGFR-Fc.

Inhibition of EGF-Stimulated EGFR Phosphoryiatien

Purified EGFR-binding FN3 domams were tested {or their ability to nhibit EGF-
stinlated phosphorylation of EGFR 1n A431 cells at 2 single concentration. EGFR
phosphorylation was monitored using the EGFR phospho(Tyr1173) kit (Meso Scale
Discovery}. Cells were plated at 20,000/well in clear 96-well tissue culture-treated plates
(Nune) in 100 ul/well of RPMI medinm {Gibco) containing GhitaMAX™ with 10% fetal
bovine serum (FBS) (Gibco) and allowed to attach overnight at 37°C in a humidified 5%
C(O, atmosphere. Culture medium was removed camplcte]v and cells were starved
overnight in 100 pl/well of medium containing no FBS at 37°C ina hunudified 5% CO,
atmosphere. Cells were then treated with 100 pul/well of pre-warmed (37°C) starvation
medium condaining EGFR-binding FN3 domains at a concentration of 2 uM for | hour at
37°C in 2 huraidified 5% CO; atmosphere. Controls were treated with starvation medium
only. Cells were stimulaled by the addition and gentle mixing of 160 pl/well of pre-
warmed (37°C) starvation medivm containing 180 ng/ml recombinant human EGF (R&D

Systerns, cat. #236-EG}, for final concentrations of 50 ng/mL EGYF and 1 pM EGFR-
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hinding FIN3 domain, and incobation at 37°C, 5% £0; for 13 minutes, One set of conirol
wells was left un-stimulated as negative controls. Medium was completely removed and
cells were tysed with 100 pl/well of Complete Lysis Buffer (Meso Scale Discovery) for
10 minutes at room temperature with shaking, as per the manufacturer’s instroctions.
Assay plaies configiwed for measuring EGER phosphorylated on tyrosine 1173 (Meso
Scale Discovery) were blocked with the provided blecking solution as per the
manufacturer’s instructions at room temperature for 1.5-2 hours. Plates were then washed
4 tinmes with 200 pl/well of 1X Tris Wash Buffer (Meso Scale Discovery}. Aliguots of
cell tysate (30 pl/well) were transferred 1o assay plates, which were covered with plate
sealing film (VWR) and incubated at room temperature with shaking for 1 hour. Assay
plates were washed 4 times with 200 pL/weli of Tris Wash Buffer, after which 25 ul of
ice-cold Detection Antibody Solution (Meso Scale Discovery) were added to each well,
being carefil not to miroduce bubbles. Plates were incubated at roomn temperature with
shaking for 1 bour, followed by 4 washes with 200 gl/well of Tris Wash Buifer. Sigoals
were detected by addition of 150 pl/well of Read Buffer (Meso Scale Discovery) and
reading on a3 SECTOR® Imager 600¢ wmstrument (Meso Scale Discovery) using
manufacturer-installed assay-specific default settings. Percent inhibition of the EGF-

stimulated positive control signal was calculated {for each EGFR-binding FN3 domain.

Iohibition of EGF-stimmulated EGFR phosphorylation was measured for 232
identified clones from the TCLI and TCL2 bibraries. 22 of these clones inbibited EGFR
phosphorylation by 250% at 1 gM concentration. After removal of clones that either
expressed poorly or were judged to be multimeric by size exclusion chromatography, nine
clones were carmed forward {or further bioclogical charactenization, The BC and FG loop
sequences of these clones are shown in Table 4. Eight of the nine selected clones had a
common FG loop sequence (HNVYKDTNMRGL; SEQ 1D NO: 93) and areas of

significant similarity were seen between several clones in their BC loop sequences.
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Table 4.
FN3 Domain BC Loop FG Loop
SEGQ 1D SEQ D SEQ I
Clone I3 NQG Seguence I\?O: Sequence 1:_;(0:

P33AIRS-17 18 ADPHGFYD 87 HNVYKDTNMRGL 95
P34AR4-17 19 TYDRIDGYD 88 BNVYKIFTNMRGL 95
P34AR4-47 20 WDPESFYD 89 HNVYKDTNMRGL a5
P34AR4-48 21 DDPRGFYE 95 HNVYKDTMNMRGL 95
P34AR4-T3 22 TWPYADLD 91 HNVYKDTNMRGL 95
P34AR4-74 23 GYNGDHED 92 HRNVYKDTNMRGL 95
P34AR4-81 24 DYDLGYYD 93 BNVYKIFTNMRGL 95
P354AR4-83 25 DDPWDFYE a4 HNVYKDTNMRGL a5
P54(CR4-31 26 TAPDAAFD 85 LGSYVEFEHDVM 96

EXAMPLE 3: Characterization of EGFR-binding FN3I demaing that Irhiblt EGF
Binding
Large-seale Expression, Purification, and Eandetoxin Removal

The FN3 domains shown in Table 4 were scaled up to provide more material for
detailed characterization. An overnight culture containing cach EGFR-binding FN3
domain variant was used 1o moailate 0.8 L of Terrific broth medium supplemented with
100 pg/mbL ampicillin at a 1/80 dilution of overnight culture into fresh medium, and
ncubated with shaking at 37°C. The culture was induced when the optical density at 60¢
nm reached ~1.2-1.5 by addition of IPTG to a final concentration of 1 mM and the
temperature was reduced to 36°C. After 4 hours, celis were collected by centrifugation

and the cell pelict was stored at -80°C until needed.

For cell lysis, the thawed pelict was resuspended in 1X BuzBuster® supplemented
with 25 U/pd. Benzonase® (Sigma-Aldrich) and 1 ktl/mL rLysozyme™ (Novagen EMD
Biosciences) at a ratio of 5 mi. of BugBuster® per grars of peliet. Lysis proceeded for 1
hour at roorn temperature with geutle agitation, followed by centrifugation at 56,000 x g
for 50 minutes at 4°C. The supematant was collected and filtered through a 0.2 o filter,
then loaded on to a S-md, HisTrap FF cohuman pre-equilibrated with Buffer A (50 mM Tris-
HCIpH 7.5, 500 mM NaCl, 10 mM imidazole) using a GE Healthcare AKTAexplorer

100s chromatography system. The cohumn was washed with 28 column vohimes of Buffer
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A and further washed with 16 % Buffer B (50 oM Tris-HCI pH7.S, 500 oM Na(l, 250
oM inudazole) for 6 column volumes. The FN3 domains were cluted with 50% B for 10
column volumes, {ollowed by a gradient from 50-100% B over 6 column volumes,
Fractions containing the FN3 domain protein were pooled, concentrated using a Millipore
10K MWCO concentrator, and filtered before loading onlo a Hiload™ 16/60 Superdex™
75 column (GE Healthcare) pre-equilibrated with PBS. The protein monomer peak ehiling

from the size exclusion column was retained.

Endotoxins were removed asing a balch approach with ActiClean Btox resin
{Sterogence Bioseparations). Prior to endotoxin removal, the resin was pre-treated with 1
N NaQH for 2 hours at 37°C {or overmght at 4°C) and washed extensively with PBS until
the pH had stabilized to ~7 as measured with pH indicator paper. The purified protein was
filtered through a 0.2 um filter before adding to I mL of Eiox resin at a ratic of 16 mbL of
protein to 1 mL of resin. The binding of endotoxin to resin was allowed to proceed at
roont temperature for at Jeast 2 hours with genile rolation. The resin was removed by
centrifugation at 500 x g for 2 minutes and the protein supernatant was retained.
Endotoxin levels were measured using EndoSafe®-PTS™ cariridzes and analyzed on an
EndoSafe®-MCS reader {Charles River). If endotoxin levels were above 5 EU/mg after
the first Etox treatment, the above procedure was repeated until endotoxin levels were
decreased to <5 EU/mg. To cases where the endofoxin level was above 3 EU/mog and
stabilized after fwo consecutive treatments with Etox, anion exchange or hydrophobic
interaction chromatography conditions were established for the protein to remove the

remaining endotoxins.

Affinity Determination of Selected EGFR-binding FN3 demains te EGFR-Fe (EGFR-
Fe Affinity)

Binding affinity of selected EGFR-binding FN3 domains o recombinant EGFR
extracellular domain was further characierized by surface Plasmon resonance methods
using a Proteon Tustrument {BioRad). The assay set-up (chip preparation, EGFR-Fe
capiure) was siraiiar to that described above for off-rate analysis. Selecied EGFR binding
FN3 domains were iested at 1 pM councentration 1o 3-fold diution series in the borizonial
orientation. A buffer sample was also injected to montior the baseline stability. The
dissociation phase for all concentrations of each EGFR-binding FN3 domain was

monttored at a flow rate of 18¢ pL/mm for 30 minates (for those with koff"‘l()_z st from

66



WO 2014/081944 PCT/US2013/071267

~
2 f
[

offerate screening), or 1 hour (for those with Kop~107 57 or slower). Two sets of reference
data were subfracted froo the response data: 1} the inter-spot signals to correct for the
not-specific interactions between the EGFR-binding FN3 domain and the unieobihized
{gG surface; 2} the buffer channel signals to correct for baseline drifting due to the
dissociation of captored EGFR-Fe surface over time. The processed binding data at all
concentrations for cach FN3 domain were globally fit to a 111 simple Langmuir binding
model to extract estimates of the kinetic (k,,, kog} and affinity (Kp) constants. Table 5
shows the kinetic constants for each of the constructs, with the affinity varying from 200

pM 10 9.6 nM.

Binding of Selected EGFR-biading FN3 domains {6 EGFR on Cells (*A431 Cell
Binding Assay”)

A431 cells were plated at 3,000/well inopaque black 96-well plates and allowed
to attach overnight at 37°C, i a huoidified 5% CO, atraosphere. Purified EGFR-binding
FN3 domains (1.5 oM {o 30 M) were added {o the cells {in 50 uL) for 1 bour at room
teraperature in triplicate plates. Supernatant was removed and cells were washed 3 times
with 150 ul/well of FACS stain boffer. Cells were incobated with 3¢ pd/well of anti-
penta His-Alexad88 antibody conjugate (Qiagen} dihited 1:100 in FACS stain buffer for
20 minutes at room temperature. Cells were washed 3 times with 150 ub/well of FACS
stain buifer, after which wells were filled with 1860 pl of FACS stain buffer and read for
{luorescence ai 488 nm using an Acumen €X3 reader. Data were plotted as raw
{luorescence signal against the logarithm of the FN3 domain molar concentraiion and

R}
H

fiited to a sigmoidal dose-response curve with variable slope using GraphPad Prism 4
{GraphPad Software) to calculate ECso values. Table 3 reporis the ECsg for each of the

copstruets ranging from 2.2 nM to > 20 uM.

Inhibition of EGF Binding to EGFR on Cells using Seleeted EGFR-binding FN3
domains (4431 cell EGF competition assay)

A431 cells were plated at 5,000/well in opague black 96-well plates and allowed
to attach overnight at 37°C, in a humidified 5% CO; atmosphere. Purified EGFR-binding
FN3 domains (1.5 nM to 30 uM) were added to the cells (530 pl/well} for 1 howr at room
femperature 1o triplicate plaies. Biotinylated EGF (Invitrogen, Cat # E-3477) was added

o cach well to give a final concentration of 30 ng/mL and incubated for 10 minutes at

-
~~}
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roora temperature. Cells were washed 3 tiroes with 150 gl/well of FACS stain buffer,
Cells were incubated with 50 pl/well of streptavidin-phycocrythrin conjugate (Tovitrogen}
diloted :100 1w FACS stain buffer for 20 minutes at room temperature. Cells were
washed 3 times with 150 uL/well of FACS stain buffer, after which wells were filled with
100 ul of FACS stain buaffer and read for fluorescence at 600 nm using an Acuomen ¢X3
reader. Data were plotted as the raw fluorescence signal against the logarithm of FN3
domain molar concentration and fitted to a sigmoidal dose-response curve with variable
slope using GraphPad Prism 4 {(GraphPad Software) to calculate 1Cs values. Table 3

reports the 1T values ranging from 1.8 nM to 121 nM.

Inhibition of EGF-Stimslated EGFR Phespherylation (Phoshpe-EGRF assay)

Select FN3 domains that significanily inbibited EGF-stimulated EGFR
phosphorylation were assessed raore corapletely by measuring 1Cs values for inhibition.
Inhibtion of EGF-stimulaled EGFR phosphorylation was assessed at varying FN3 domain
concentrations (0.3 nM fo 10 pM} as described ahove in “inlibition of EGF stimulated
EGFR phosphorylation”. Data were plotted as electrochemiluminescence signal against
the logarithm of the FN3 domamn molar concentration and 1Cse valies were determined by
fitting data to a sigmoidal dose response with variable slope using GraphPad Prism 4
{GraphPad Software). Table 5 shows the ICse values which ranged from 18 nM to >2.5
1M,

inhibition of Humas Tumer Cell Growth (NCL-H292 growth and NCL-H322 growth
as$8Y)
Inhibiion of EGFR-dependent cell growth was assessed by measuring viability of the

EGFR over-expressing nman tumor cell lines, NCI-H292 and NCI-H322 {American

Type Culture Collection, cat. #CRL-1848 & #TRL-5806, respectively), followng
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Table 5.
AAAT A431 . NCL NI
EGEFR- Phosphe- S .
FN3 | SEQ| Cell | CelEGE | . H292 | H322
Fe EGFR |
Domain 0D Binding { Competition Growth | Growth
Clone D NO Affinity
lone O
) EC< IC59 ICj) ICS(
(M) C Gk (M) ‘ ’
{nM} M) {nhd) {nM)
P3IAIRS- I8 ) o ,
. 1.8% 4.0 9.3 >2560 86 65
P34AR4-17 19 9.62 i6 23 184 ND ND
P34AR4-47 20 2.51 8.6 7.1 295 44 39
P34AR4-48 21 7.78 12 9.8 170 N3 ND
PS4AR4-T3 22 0.197 9.4 4.6 141 23 73
PS4AR4S-T4 23 ND 77 N ND NI ND
P54AR4-81 24 ND 84 i21 ND ND ND
P54AR4-83 25 0.255 2.2 1.8 18 59 92
P34R4-31 26 0383 | >20000 35 179 1150 >3673

exposure to BEGFR-binding FN3 domains. Cells were plated at 500 cells/well (NCI-H292)
or 1,000 cells/well (NCI-H322) in opague white 96-well tissue culture-treated plates
{Nunc) in 160pub/well of RPMI medium (Gibeo) containing GhitaMAX™ and 10mM
HEPESR, supplemented with 10% heat inactivated fetal bovine serurs (Gibeo) and 19
peniciiin/streptomycin (Gibeo), and allowed to attach overnight at 37°C in a bumidified
5% CO; atmosphere. Cells were treated by addition of Sul/well of phosphate-buffered
saline {(PBS) containing a concendration range of EGFR-binding FN3 domains. Controls
were treated with Sul/well of PBS only or 25 ;M ethylenediaminetetraacetic acid 1o PBS.
Cells were incubated at 37°C, 5% €O, for 120 hours. Viable cells were detected by
addition of 75ul/well of CellTiter-Glo® reagent (Promega), followed by mixingon a
plate shaker for 2 mimmuies, and meubation in the dark at room temperature for a further 10
mimies. Plates were read on a SpectraMax M3 plate reader {Molecolar Devices) set to

luminescence mode, with a read time of 0.5 seconds/well against a blank of medium only.
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Data were plotted as a percentage of PBS-ireated cell growth against the logarithon of FN3
domain roolar concentration, {Cso values were deternuned by fitting data {o the equation
for a sigmoidal dose respouse with variable slope using GraphPad Prisma 4 (GraphPad
Software). Table 5 shows ICs values ranging from 3.8 oM to 115 pM and 8.2 sM to >
3.1 uM, using the NCI-H292 and NCI-H322 cells respectively. Table 5 shows the

summiary of biological properties of EGFR-binding FN3 domains for each assay.

EXAMPLE 4; Engineering of EGFR-Binding FNJ3 demains

A subset of the EGFR binding FIN3 domains was engineered io increase the
conformational stability of cach molecule. The mutations L17A, N46V and E861 which
have been shown to improve FN3 donwain stability {described in US Pat. Publ. No.
UB2011/0274623) were incorporated into clones P54AR4-83, PS4CR4-31, and PS4AR4-
37 by DNA syothesis. The new mutants, P54ARS-83v2, PS4CR431-v2, and P54AR4-
37v2 were expressed and purified as described above. Differential scanning calorimeliry in
PBS was used to assess the stability of each nuitant in order to compare i to that of the
corresponding parent molecale. Table 6 shows that cach variant molecule was stabilized

significantly, with an average increase in the T, of 18.5°C.

Table 6.
FN3 domam Clone SEQHD NG: Tw 00
PS4AR4-83 25 50.6
P54AR4-83v2 27 69.8
P54CR4-31 26 &60.9
PS4CR4-31v2 28 789
P54AR4-37 22 459
PS4AR4-37v2 29 64.2
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EXAMPLE §: Selection of ibronectin type 1 (FN3) domains that bind ¢-Met and
Inkibit HGF Binding

Panning on human o-Met

The TCL14 library was screened against biotinylated-human c-Met extraceiluiar
domain {(bt-c-Met} to identify FN3 domains capable of specifically bindimg c-Met. For
selections, 3 pg of TCL14 library was in vitro transcribed and transiated (IVIT) e B Coli
538 Linear Extract (Promega, Madison, WI} and the expressed library blocked with Cis
Block (2% BSA (Sigma-Aldrich, St. Louis, MO}, 180 pg/ml Herring Sperm DNA
{Promega}, | mg/ml heparin {Sigma-Aldnich}). For selections, bt-c-Met was added at
concentrations of 400 nM {Round 1)}, 200 oM (Rounds 2 and 3} and 106 nM (Rounds 4
and 5}). Bound library members were recovered using neutravidin magnetic beads
{Thermo Fisher, Rockiord, IL) (Rounds 1, 3, and §) or sireptlavidin magnetic beads
{(Promega) {Rounds 2 and 4} and unbound library members were removed by washing the

beads 3-14 times with 500 ul. PBS-T followed by 2 washes with 500 pL PBS.

Additional selection rounds were performed to identify FN3 domains molecules
with improved affinities. Briefly, outputs from round 5 were prepared as described above
and subjected to additional iterative rounds of selection with the following changes:
incubation with bt-c-Met was decreased from | hour to 15 minutes and bead capture was
decreased fron 20 minutes to 15 minutes, bt-c-Met decreased to 25 nM (Rounds 6 and 7}
or 2.5 nM {Rounds 8 and 9}, and an additional | hour wash was performed in the presence
of an excess of nou-biotinylated ¢-Met. The goal of these changes was fo sumultancously
sclect for binders with a poteatially faster on-rate and a slower off-rate yiclding a

substantially lower K.

Rounds 5, 7 and 9 outputs were PCR cloned info a2 modified pET 5 vector (EMD
RBioscicnces, Gibhstown, NI) containing a ligase independent cloning site (pETIS-LIC)
using TCONG (SEQID No. 30) and TCONS £86] short {SEQID No. 31) primers, and the
proteins were expressed as C-terminal Hisé-tagged proteins afier transformations and
IPTG induction (1 mM fmal, 30°C for 16 hours) using standard protocols. The cells were
harvested by centrifiigation and subsequently lysed with Bugbuster HT (EMD
Biosciences) supplemented with 0.2 mg/mL Chicken Egg White Lysozyme (Sigma-
Aldrich). The bacterial lysates were clarified by centrifiigation and the supernatants were

ransferred to new 96 deep-well plates.
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Screening for FN3 domaing that Inkiblt HGF Binding fe o-Met

FN3 domains present in £, cofl Tysates were screened for their ability to inhibit
HGF binding to purified c-Met extraceliular domain in a biochemical format.
Recombinant human c-Met Fe chimera (0.5 pg/mL in PBS, 160 pl/well) was coated on
96-well White Maxisorp Plates (MNunc) and incubated overnight at 4°C. The plates were
washed two tirnes with 306 pl/well of Tris-buifered saline with 0.05% Tween 20 (TBS-T,
Sigma-Aldrich} on a Biotek plate washer. Assay plates were blocked with StartingBlock
T20 (200 pl/well, Thermo Fisher Scientific, Rockland, IL) for § hour at room temperature
{RT} with shaking and again washed twice with 300 pl of TBS-T. FN3 domain lysates
were diluled in StartingBlock T20 (from 1:10 to 1:100,000) using the Hamilton STARplus
robotics system. Lysates (50 pL/well) were incubated on assay plates for 1 hour at RT
with shaking. Without washing the plates, bt-HGF (1 pg/mL in StartingBlock T20, 50
ul/well, biotinylated} was added to the plate for 30 min at RT while shaking. Conirol
wells containing Tencon27 lysates received either Starting Block T2 or diluted bt-HGF.
Plates were then washed four times with 360 ul/well of TBS-T and incubated with 160
uliwell of Streptavidin-HRP {1:20600 in TBS-T, Jackson Immunoresearch, West Grove,
PA} for 30-40 winutes at RT with shaking. Again the plates were washed four times with
TBS-T. To develop sigual, POD Chemilurnnescence Substrate (50 pl/well, Roche
Diagnostics, Indianapolis, IN), prepared according to manufacturer’s instructions, was
added to the plate and within approximately 3 minufes luminescence was read oun the
Molecular Devices MS using SeoftMax Pro. Percent inhibition was determined using the
following calculation: 100-({RLU qmpie —Mean RLU . voigr convar ¥/ {Mean REUpcsor control -
Mean REUn, bener conro1) ¥ 100}, Percent inhibition valoes of 50% or greater were

considered hiis.

High-throughpat Expression and Purification of FN3 domasing

His-tagged FN3 domains were purified from clarified £ coli lysates with His
MultiTrap™ HP plates (GE Healthcare) and eloted in buffer confaining 20 ;M sodium
phosphate, 500 mM sodiara chloride, and 250 wM uridazole at pH 7.4. Purificd saroples
were exchanged imto PBS pH 7.4 for analysis using PD MultiTrap™ G-25 plates (GE

Healthcare).
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1T determination of Inhibitien of HGF Binding fo ¢-Met

1

Select FN3 domains were further characterized in the HGF competition assay.
Dose response curves for purified FN3 domains were generated utilizing the assay
described above (starting concentrations of 5 pM). Percent inhibition values were
calculated. The data were plofted as % inlibition against the logarithm of FN3 domain
mclar concentrations and ICs, values were determined by fitting data to a sigmoidal dose

response with variable slope using GraphPad Prism 4.

35 vuique seguences were identified from Round 5 to exhibit activity at dilotions
of 110, with ICs, values ranging from 0.5 to 500 M. Round 7 vielded 39 unique
sequences with activity at dilutions of 11100 and ICso values ranging from .16 10 2.9 nM.
66 puique sequences were dentified from Round 9, where hits were defined as being
active at dilgtions of 1:1000. ICse valies as low as 0.2 nM were observed m Round 9
{Table #),

Affimity Determination of Selected o-Met-binding FN3 domains fe ¢-Met -Fe (e-Met-
Fe Affinity)

Affinities were determined fro select c-Met binding FN3 domains according to the
protocol described for determination of affinitics fo EGFR binding FIN3 domaisn in

Example 3 except that ¢-Met-Fe fusion protein was used ju the experiments.

EXAMPLE 6: Characterization of FN3 domains that Bind e-Met and Inhibit HGF
Binding

N3 domains were expressed and purified as described above in Example 2. Size
exclusion chromatography and kinetic analysis was done as deseribed above in Examples
1 and 2, respectively. Table 7 shows the sequences of the C-strand, CD loop, F-strand,

and FG loop, and a SEQ 1D NO: for the entire amine acid sequence for cach domat
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Table 7.

Clone
i SEQ ID C lsop CD strand Flosp F{ strand
Name .
NG

P1I4ARSP74-AS 32 FDSFWIRYDE [VVVGGE |TEYYVNILGV  {KGGSISV
PUI4ARSE7S-E2 33 FDSFFIRYDE {FLRSGE |TEYWVTILGYV [KGGLVST

PII4ARTPO2-F3 34 FDSFWIRYFE [FLGSGE  |TEYIVNIMGV  (KGGSISH
P1I4ARTPOZ-FH 35 FDSFWIRYFE FLGSGE  |TEYVVNILGY  {KGGGLSY
P1I4ARTP2-(8 36 FDSEFVIRYFE {FLGSGE  {TEYVVQILGV  (KGGYISE
PHI4ARTPY2-H3 37 FDSFWIRYLE [FLLGGE |TEYVVOIMGY (KGGTVSP
Pil4AR7PO3-D11 38 FDSFWIRYFE FLGSGE  ITEYVVGINGY KGGYISY
P1I4ARTPI3-GB 39 FDDSFWIRYFE  {FLGSGE TEYGVTINGY  (KGGRVST
P114AR7PY3-HO 40 FDSFWIRYFE (FLGSGE |TEYVVOIGY  {(KGGHISL
PLI4ARTP94-A3 41 FDSFWIRYFE [FLGSGE  [TEYVVNIMGY  (KGGKISP
P1I4ARTPO4-ES 42 FDSFWIRYFE FLGSGE  |TEYVAVNIMGY {KGGRVRY
P114AR7PY5-BY 3 FDSFWIRYFE (FLGSGE |TEYVVOILGY  {KGGSISV
PHAARTPYS-D3 44 FDSFWIRYFE [FLGSGE  |[TEYVVNIMGGY  (KGGSISY
P1I4ARTPO3-D4 45 FDSFWIRYFE {FLGSGE  |TEYVVQILGY  {KGGYISE
PUI4ARTEOS-E3 46 FDSFWIRYFE {FLGSGE  {TEYVVQOIMGY  (KGGTVSE
PI114ARTPOS-FIG 7 FDSFWIRYFE [FTITAGE  [TEYVVNIMGY (KGGSISP
PLI4ARTPOS-G7 48 FDSFWIRYFE LLSTGE | TEYVVNIMGY {KGGSISP
P1I4ARTPI5-HE 49 FDSFWIRYFE {FVSKGE |TEYVVNIMGY |KGGSISP

 loop resudues correspond to residoes 28-37 of indicated SEQ ID NO:
D strand residues correspond to residues 38-43 of indicated SEQ (D NOG:
F loop residues correspond to residues 65-74 of indicated SEQ [D NO:

F strand residues correspond to residues 75-81 of indicated SEQ 1D NO:

Binding of Selected c-Met-binding FN3 domains to ¢-Met on Cells ("H441 Cell

Binding Assay™)

NCI-H441 cells (Cat # HTB-174, American Type Culture Collection, Manassas,
VA) were plated at 20,000 cells per well in Poly-D-lysine coated black clear bottom 96-
well plates {(BD Biosciences, San Jose, CA) and allowed 1o attach overnight at 37°C, 5%
CO,. Purified FN3 domains (50 pL/well; 0 to 1000 nM) were added o the cells for 1 hour
at 4°C in duplicate plates. Supematant was removed and cells were washed three times
with FACS stain buffer (150 pL/well, BD Biosciences, cat # 554657). Cells were
ncubated with biotinylated-anti HIS antibody {diluted 1:160 in FACS stain buiffer, 50
ul/well, R&D Systens, cat # BAMO50) tor 30 minutes at 4°C. Cells were washed three
tirnes with FACS stain buffer (150 pl/well), after which wells were incubated with anty

mouse 1gG1-Alexa 488 conjugated antibody {diluted 1:80 1n FACS stain buffer, 56

74



WO 2014/081944 PCT/US2013/071267

ul/well, Life Technologies, cat # A21121) for 30 minutes at 4°C. Cells were washed three
tirnes with FACS stain buffer (150 pl/well) and left 1o FACS stain buffer (50 pl/well).
Total fluorescence was determined using an Acumen ¢X3 reader. Data were plotted as
raw fluorescence signal agamst the logarithm of the FN3 domain molar concentration and
fitted to a sigmoidal dose-response curve with variable slope vsing GraphPad Prism 4
{GraphPad Software} to calculate ECsq vahiues. FN3 domains were found 1o exhibita
range of binding activities, with EC;g values between 1.4 nM and 22.0 nM, as shown in

Table 8.

Inkibition of HGF-Stimulated ¢-Met Phosphoryiation

Purified FN3 domains were tested for their ability to mbibitt HGF-stimulated
phosphorylation of ¢-Met 1o NCI-H441, using the c-Mct phospho{Tyri349) kit fromn Meso
Scale Discovery {Gaithershburg, MB). Cells were plated at 28,000/well in clear 96-well
tissue coliure-treated plates in 100 ul/well of RPMI mediun {conizining Glutamax and
HEPES, Life Technologies) with 10% feial bovine serom (FBS; Life Technologies) and
allowed to attach overmight at 37°C, 5% CO,. Culture medivm was removed completely
and cells were starved overnight in serum-free RPMI medium (18¢ pl/well) at 37°C, 3%
CU,. Cells were then replenished with fresh serum-free RPMI medium (100 pLiwell)
containing FIN3 domains at a concentration of 20 yuM and below for 1 hour at 37°C, 5%
CU,. Controls were treated with medium only. Cells were stimulated with 160 ng/mL
recombinant human HGF (100 uL/well, R&D Systems cat # 294-HGN) and incubated at
37°C, 5% CO; for 15 minutes. One set of control wells was left un-stimulated as negative
controfs. Medium was then completely removed and cells were Tvsed with Complete
Lysis Buffer (50 pL/Awell, Meso Scale Discovery) for 10 minutes at RT with shaking, as
per marwfacturer’s instructions. Assay plates configured for measuring phospborylated ¢-
Met were blocked with the provided blocking solution as per the manufacturer’s
msiructions ai reom temperature for 1 bour. Plates were then washed three times with Tris
Wash Buffer (200 pL/well, Meso Scale Discovery). Cell tysates (30 ul/well) were
transferred to assay plates, and incobated at RT with shaking for 1 hour. Assay plales
were then washed four times with Tris Wash Buffer, after which ice-cold Detection
Antibody Solution (25 pL/well, Meso Scale Discovery) was added to each well for 1hr at
RT with shaking. Plates were again rinsed four times with Tris Wash Buffer. Signals
were detected by addition of 156 Read Buffer (150 ul/well, Meso Scale Discovery) and

reading on a SECTOR® Imager 6008 instrument {Meso Scale Discovery) using
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manufacturer-instalied assay-specific defauli seitings. Data were plotted as
electrocheniluminescence signal against the logarithra of FN3 domain molar
concentration and Isq values were defermined by fiiting data to a sigmoidal dose response
with variable slope using GraphPad Prism 4. FN3 domains were found to inhnbit
phosphorylated c-Met with {C50 values ranging from 4.6 1M to 1415 nM as shown in
Table 8.

Inhibition of Humas Tumer Cell Growth

Inhibition of c-Met-dependent cell growth was asscssed by measuring viability of
UB7-MG cells (American Type Culture Collection, cat # HTB-14), following exposure o
c-Met-binding FN3 domains. Cells were plated at 8000 celis per well 1o opague white 96-
well tissue culture-treated plates (Nunc) in 100 pl/well of RPMIT medium, supplemented
with 16% FBS and allowed to aitach overnighi at 37°C, 5% CO.. Twenty-four hours after

plating, medium was aspiraied and cells were replenished with serun- free RPMI meediur.

Table 8
Cione o HGE 1441 Cell - pMet » Inl?-bibitifm of
Affinity . e inhibition in | Proliferation of
(kd, ngy | COTPEtion 1 binding Hidicelis | UST-MG celis
Name SEGID NO: ICSBint) § (ECSOAM) 1 eh oo (€50, vl
P114ARSPT74-AL 32 i0.1 5.2 i8.7 1078 464.4
PIIAARGHTS-EG 33 45.8 51.9 ND 1415 13838
PIIAARTPO2-F3 34 0.4 3.2 15 83 2.7
PIIAARTPI2-F6 35 3.1 2.2 4.9 165.3 350.5
P114AR7P52-G38 36 1.6 1.6 55 1853 123.8
P1I4AR7PY2-HS 37 115 ND 2.0 755.4 572.3
PI14ARTPGI-D11 33 ND ND 2.3 16 4.4
PI114AR7P92-G8 39 6.9 i 2.8 459.5 .5
P1I4AR7PS3-HO 40 33 29 12.9 2882 %688
P1I4ARTPCG4-A3 41 0.4 3.2 1.4 5 9.3
PIIAARYPO4-ES 42 4.2 0.7 2.4 1243 185.6
P114AR7PO5-BG 43 0.5 4.3 ND 9.8 i7.4
P1I4ARY7PSS-03 44 0.2 3.2 15 4.5 17
P114ARTPGR-D4 45 0.4 ND 1.4 135 9.4
PIT4ARYPOS-E3 46 1.5 5] 32 2046 208.2
PIIAART7PYS-FI0 47 4.2 1.4 4.4 1876 128.7
P134ARTPQE-G7 48 200 ND i1.3 £59.3 532
P114AR7PO5-HE 49 3.7 ND 4.1 209.8 280.7
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Twenty-four hours afier serum starvation, cells were ireated by addition of serun-
free medium containing ¢-Met-binding FN3 domaains (30 pl/well), Cells were jncubated
at 37°C, 3% CO; for 72 hours. Viable cells were detected by addition of 100 pL/well of
CellTiter-Glo® reagent (Promega), followed by mixing on a plate shaker for 10 minutes.
Plates were read on a SpectraMax MS plate reader (Molecudar Devices} set to
luminescence mode, with a read time of 0.5 seconds/well. Data were plotied as raw
luminescence units {RLU) against the logarithm of FN3 domain molar concentration.
1Css values were determined by fitting data to an equation for a sigmoidal dose response
with variable slope using GraphPad Prism 4. Table 8 reports ICs, values ranging from 1

M to >1060 oM.

Characteristics of the c-Met binding FN3 domains are summarized in Table 8.

Thermal stability of o-Met —binding FN3 demains

Differential scanning calorimetry in PBS was used to assess the stability of each

FN3 domain. Results of the experiment are shown in Table 9.

Table 9.
Cione Thermal
Stability
Name SEQ ID NO: {Tm, C}
P114AR5P74-AS 32 74,1
P1I14ARSP75-ES 33 ND
PLI4ARTPO2-F3 34 81.5
P114AR7PIZ-F6 35 76.8
P1I4ART7PO2-G8 36 20.9
P114AR7P32-HS 37 87
P114AR7P23-DI1 38 ND
P1I4AR7P93-G8 39 76.8
PLI4AR7PO3-HS 40 8.2
P1I14AR7PO4-A3 41 86.2
P114AR7PY4-ES 42 30
P114AR7P35-BY 43 86.3
P114AR7P95-D3 44 82

-3
~~}
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PLI4AR7PO5-D4 45 85.3
P114ARYPOS-E3 46 94.2
P114AR7PO5-F10 47 35.2
P114ARTPOS-G7 48 87.2
P1I4AR7PO5-HS 49 83

EXAMPLE 7. Generation and Characterization of Bispecific anti-EGFR/¢-Maet
meslecules
Generation of bispecific EGFR/c-Met molecules

Nuomerous combinations of the EGFR and c-Met-binding FN3 domains described
in Examples 1-6 were joined nto bispecific molecules capable of binding to both EGFR
and ¢-Met. Additionally, EGFR-binding FN3 domains having amino acid sequences
shown in SEQ D NOs: 187-110 and c-Met binding FN3 domains having amino acid
sequences shown in SEQ 1D NOs: 111-114 were made and joined mto bispecific
molecules. Synthetic genes were created to encode for the aniino acid sequences
described in SEQID NOs: 50-72, 106, 118-121 or 190-193 (Table 10} such that the
following forreat was maintained: EGFR-binding FN3 domain followed by a peptide
linker followed by 2 c-Met-binding FN3 domain. A poly-histidine tag was incorporated at
the C-terminus fo aid purification.  Tn addition to those molecules described in Table 10,
the linker between the two FIN3 domains was varied according to length, sequence
coraposition and structure according o those hsted 1n Table [1. ¥t is envisioned that a
number of other linders could be used 1o link such FN3 domains Bispecific EGFR/c-Met
molecules were expressed and purified froro E. coli as described for monospecific EGFR
or c-Met FN3 domains asing IMAC and gel filtration chromatography steps. It is evident
to the skilled in art that the bispecific EGFR/c-Met molecules may or may not contain an
mitiator methionine. Exemplary molecules with the initiator methionine are molecules
having the amino acid sequence shown in SEQ 1D NUs: 106, 118-121, 138-165, 190 and
192, and exemplary molecules without the initiator methioning are shown in SEQ 1D NQs:
50-72, 191 and 193. The presence of the mitiator methionine for the EGFR binding FN3
domains ensures proper activity; the initiator methionine has less impact on the c-Met FN3

domains.
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Table 19,
Bispeciftic EGFRIC ¢ pp 1inding FNS comain|  oME T-binding EN3 domain Lirker
Met molecule
Clone ID SiQC Cione I3 Si-:g:!D Clone I Si%:io Seqguence Si(?}D

ECBA 5 54ARG-83V2 27 |P11AARBPT4-AS 32 [(GGGGS) 79
ECE2 51 IP54ARG-83V2 27 |P11AARTPO4-AS 41 [(GGGGS) 79
ECE3 52 IP54ARG-83V2 27 |P114AR7PO3-HO 40 (GGGGS) 79
ECE4 53 IP54ARG-83V2 27 |P11AARSP75-E9 33 (GGGGS) 79
ECES 54 IP53ATREATVE 107 |P114ARTPO4-A3 41 [(GGGGS) 79
ECES 55  IP53A1REA7vE 107 |P114ARTPO3-HO 10 [(GGG6S) | 79
ECB? 56 IP53ATREA7vE 107 |F114ARSP75-EQ 33 [(BGGGS) | 79
ECB15 57 IP54ARA-83vZ 27 |P114AARTPO4-A3 11 (AP 81
ECB27 58 IP54ARA-83vZ 27 |P114ARBPT4-AG 32 (AP 81
ECBS0 53 IP53A1REA7vE 107 |P114ARTPO4-A3 21 (AP 81
ECB37 50  IP53ATREA7vE 107 |P114ARSPTA-AL 32 (AP 81
ECBY4 51 IP54ARA-83vZZ 108 |P114ARTPO4-AZZZ | 111 AP 81
ECBY5 52 IP54ARA-83vZZ 108 |P114AROP121-ABVE | 112 AP 81
ECBY6 53 IP54ARA-83vZZ 108 |P114AROP12Z-ATVG | 113 AP 81
ECBY7 54  IP54AR4-83vZZ 108 |P114ARTPO5.CoVZ | 114 AP 81
ECB106 | 65 |FP54ARL-BIVZ 100 |P114ARTPO4-AZZZ | 111 AP 81
ECB107 | 66 |P54ARL-BIVZ 109 [P114AROP1Z1-ABVE | 112 AP 81
ECB108 | 67 |P54ARL-BIVZ3 109 |{P114AROP12Z-ATVG | 113 AP 81
ECB10G | 68 |P54ARL-BIVZS 109 [P114ARTPO5.CSVZ | 114 AP 81
ECB118 | 60 |PSOAIR5A7v22 | 110 |P114ARTPO4-AIVZZ | 111 (AP 81
ECB11¢ | 70 |PS3AIRG17vZZ | 110 [P114AROP1Z1-AGVZ | 112 |(AP) 81
ECB120 | 71 |PSSAIRGA7vZZ | 110 [P114AROP12Z-ATVZ | 113 |(AP) 81
ECBi21 | 72 |PS3AIRGA7v2Z | 110 |P114ARIPO5-CovZ | 114 |(AP) 81
ECBY1 108 |PSAARA-83v22 108 |P114ARTPO5.CovZ | 114 (AP 81
ECB18 118 |PSAARA-BIVZ 27 |P114ARSPT4-AS 32 (AP 81
ECB2% 118 IPS3AIRSATZ 107 |PH14ARSP74-A5 32 (AP 81
ECB38 120 |PSAARA-BIVZ 27 |P114ARTPI4-AZ 41 (AP 81
ECB39 121 |PB3AIRS-17v2 107 |P114AR7PO4-AZ 41 [(AP) 81
ECBi68 | 190 |PSAARA-83v22 108 |PH14ARTPO5-Cov2 | 114 (AP a1
ECB176 | 192 |PB3ATRG-17v2 107 |PHI4ARTPO5-CovZ | 114 (AP a1
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Table 11.
Linker Si%:ED LS;?;(?Z%:E;” Structure
GS 78 2 Disorderad
GGGGS 105 5 Disordered
{(GGGGS)2 224 10 Disordered
[{EICICICTIN 78 20 Disorderad
{AP), 80 4 Rigid
{AP)s 81 5 Rigid
{AP}g 82 20 Rigid
{AP}y 83 40 Rigid
A(EAAAKIAAA 84 29 a-helical

Bispecific EGFR/e-bMet molecules cnbance potency compared to monsspecific
mplecules alone, suggesting avidity

NCI-H292 cells were plated 1n 96 well plates in RPMI mediom containing 16%
FBS. 24 houors later, medium was replaced with serum free RPME 24 bours afier seram
starvation, cells were treated with varying concenirations of FN3 domains: either a high
affinity monospecific EGFR FN3 domain (P54AR4-83v2), a weak affinity monospecific
c-Met FN3 domain (P114ARS5P74-AS), the mixture of the two monospecific EGFR and ¢-
Met FN3 domains, or a bispecific EGFR/c-Met molecules comprised of the low aifinity -
Met FN3 domain linked to the high affinity EGFR FN3 domain (ECB1). Cells were
treated for 1h with the monosopecitic or bispecific molecules and then stimulated with
EGF, HGF, or a combination of EGF and HGF for 15 minutes at 37°C, 5% CO,. Cells
were fysed with MSD Lysis Buifer and cell signaling was assessed using appropriate MSD
Assay plates, according to manufacturer’s instructions, as described above.

The low affinity c-Met FN3 domain inhibited phosphorylation of ¢-Met with an
Cso of 610 nM {Figure 4). As expecied the EGFR FN3 domain was not able to inbibii ¢-
Met phosphorylation and the mixture of the mono-specific molecules lnoked wdentical to

the c-Met FN3 domain alone. However, the bi-specific EGFR/c-Met molecule inhibited
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phosphorylation of ¢-Met with an 1Csg of 1T oM (Figure 4), providing more than a 2-log
shift i improving potency relative to the ¢-Met raonospecific alone.

The potential for the bispecific EGFR/c-Met molecule to enbance the inhibition of
c-Met and/or EGFR phosphorylation theough an avidity effect was evalvated in multiple
cell types with variable c-Met and EGFR densities and ratios (Figore 53, NCI-H292, NCI-
Ha41, or NCI-H396 cells were plated in 96 well plates 1n RPMI medivim containing 10%
FBS. 24 hours later, medium was replaced with serum free RPMI. 24 hours after serum
starvation, cells were treated with varying concentrations of either monospecific EGFR-
binding FN3 domain, monospecific e-Met FN3 domain, or a bispecific EGFR/c-Met
molecule (ECBS5, comprised of P53A1RS5-17v2 and P114AR7P94-A3). Celis were treated
for ib with the monospecific or bispecific molecules and then stinwlated with EGF, HGF,
or a combination of EGF and HGF for 15 minutes at 37°C, 5% CO,. Cells were lysed
with M3D Lysis Buffer and cell signaling was assessed using appropriate MSD Assay
plates, according to manufachirer’s tnstructions, as described above.

Figore 5 (A-C) shows the inbibition of EGFR using a ruonospecific EGFR-
binding FN3 domain compared to a bispecific EGFR/cMet molecule in three different cell
Iines. To assess avidity in an EGFR phosphorylation assay, a medium affimity EGFR-
binding FN3 domamn (1.9 nM} (PS3AIRS-17v2} was compared 1o a bispecific EGFR/¢-
Met molecide containing the same EGFR-binding FN3 domain linked to a high-affinity ¢-
Met-binding FN3 domain (0.4 oM} (P114ARTP94-A3). In H292 and H596 cells,
inhibition of phosphorylation of EGFR was comparable for the monospecific and
bispecific molecules (Figures 3A and 5B), likely because these cell lines have a high ratio
of EGFR to c-Met receptors. To test this theory, inhibition of EGFR phosphorylation was
evaluated in NCI-H441 cells which exhibit more ¢-Met recepiors than EGFR. Treatment
of NCI-H4d41 cells with the bispecific EGFR/c-Met molecule decreased the 1Cs, for
domain by 30-foid {Figure 5C).

The potential for enhanced potency with a bi-specific EGFR/c-Met molecule was
evalualed in a c-Met phosphorylation assay using a molecule with a lugh affinity 1o EGFR
{0.26 uM} and medivm affinity to ¢-Met (16,1 nM)}. In both NCI-H282 and NCL-H596
cells, the mhibition of phosphorylation of ¢-Met was enhanced with the bispecific
molecule compared to the monospecific c-Met-binding FN3 domain, by 134 and 1012
fold, respectively (Figure 3D and 3E).

it was verified that the enhanced potency for inhibition of EGFR and c-Met

phosphorylation with the bispecific EGFR/c-Met molecules translated into an enhanced
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EGFR-hinding and ¢-Met-binding FN3 domains was compared 1o a hispecific EGFR/c-
Met molecole. As described in Tables 12 and 13, the 15, values for ERK phosphoryiation
{Table 12) and proliferation of H292 cells (Table 13} were decreased when cells were
treated with the bispecific EGFR/c-Met molecude compared to the nuxture of the
monospecific binders. The IC;, for inhibition of ERK phosphorylation for the bi-specific
EGFR/c-Met molecule was 143-fold lower refative fo the mixture of the two monospecific
EGFR and c-Met FN3 domains, showing the effect of avidity to the potency of the
molecules in this assay. In Table 12, the monospecific EGFR- and ¢c-Met binding FN3
domains do not fully inhibit activity and therefore the 1Cs values shown should be
considered tower limits. The proliferation assay was completed using different
combinations EGFR and ¢-Met binding FN3 domains either as a mixture or linked ina
bigpecific formal. The 1Css for inhibition of proliferation for the bispecific EGFR/c-Met
molecule was 34-236-fold lower relative to the mixture of the monospecific parent EGFR

or ¢-Met hinding FN3 dowmains. This confirmaed that the avidity effect observed al the

cell signaling (Table 12} and cell proliferation {Table 13).

Table 12,

Specificily of the - —
FN3-domain Cione # Type iﬁgz;::’bsg;
muolecule phospRoTy ’
EGFR FPH4ARA-83v2 monospecific >40,000
c-Met P114ARSP74-A8 monospecific 2366
EGFRorc-Met | PS2ARA-83v2 + PIA4ARGPTA-AG | Tiere of monospecific 7984
molecules
EGFR and c-Met ECB1 bispecific 58
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Table 13.
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50 for Fold increase
_bindin ' i 0 fo
EG!.:R b.ndx'. S loMet pinding FN3{  mixture of 150 for n ECS‘).' f
FINS domain domain (affinity} | monospesifics | bispecific (nM) bispecific/
{affinity) ' Y OSPECliEs | DISPEUle UL hixture of
(nh} )
monospecifics
PS4ARA-23VD P114ARP34-A3 .
o v 38.5 1.04 35
(0.26 nb) (0.4 i)
P54AR4-83v2 P114ARTPY3-HO
{0.26 nM) (3.3 nM) 2745 8.05 34
P54AR4-83v2 P114ARSPT4-A5 -
(0,268 nM) (10.1 nivi) tr1e 7.29 236

fu vivo tumor xenografts: PK/PD

o order to determine efficacy of the muonospecific and bigpecific FN3 domain
molecules in vive, tumor cells were engineered to secrete buman HGF (murine HGE does
not bind to bumanc-Met).  Human HGF was stably expressed m NCI-H292 cells using
lentiviral infection (Lentiviral DNA vector expressing human HGE (Accession #X16322)
and lentiviral packaging kit from Genecopoeia). After infection, HGF-expressing cells
were selected with 4 pg/mL puromycein (Invitrogen). Human HGF protein was detected in
the conditioned medium of pooled cells using assay plates from MesoScale Discovery.

SCID Beige mice were subcutancously inoculated with NCI-H292 cells
expressing human HGF (2.0x10° cells in Cultrex (Trevigen) in a volume of 200 L) on the
dorsal flank of cach asimal. Tursor measurements were taken twice weekly undil umor
volumes ranged between 156-250 mm’. Mice were then given a single Lp. dose of
hispecific EGFR/c-Met molecules (Jinked to an albumin binding domain to tocrease bali~
life} or PBS vehicle. At 6b or 72b after dosing, turnors were extracted and omediately
frozen in liquid nitrogen. Blood samples were collected via cardiac puncture into 3.8%
citrate containing protease inhibitors. Immediately afler collection, the blood samples
were centrifliged and the resulting plasma was transferred to sample tubes and stored at -
30°C. Tumors were weighed, cut mto small pieces, and lysed in Lysing Matrix A tubes
{(LMA} contaiming RIPA buifer with HALT protease/phosphatase inhibitors {(Pierce), 50
mM sodium fluonide (Sigma), 2 mM activated sodium orthovanadate (Sigma), and 1 mM
PMSF (MesoScale Discovery). Lysates were removed from LMA matrix and centrifuged

o reraove insoluble protein. The soluble tumor protein was guantified with a BCA protein

>0
(2
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assay and diuted to equivalent protein levels in tumor lysis buifer.  Phospborylated c-
Met, EGFR and ERK were rueasured using assay plates from MesoScale Discovery
{according to Mamufacturer’s protoco] and as described above).

Figure 6 shows the results of the experiments. Each bispecific EGFR/c-Met
molecule significantly reduced the levels of phosphorylated c-Met, EGFR, and ERK at
both 6k and 72h. The data presented in Figire 6 show the importance of inhibiting both ¢-
Met and EGFR simultancously and how the aflinity of the bispecific EGFR/c-Met
molecule for each receptor plays a role in inhibition of downstream ERK. The molecules
containing the high affinity EGFR-binding FN3 domains (P34AR4-83v2; shown as “8” in
the Figure, K;y=0.26 nM) inhibited phosphorylation of EGFR to a larger extent compared
o those containing the mediun atiinity EGFR-binding FN3 domains (P33AIRS-17v2;
shown as “17” in the figure Kp =1.9 nM) at both 6h and 72h. All four hispecific
molecuics tested completely intibited phosphorylation of ERK at the 6 hour tine poind,
regardless of affinity, At the 72 howr tiee point, the molecules containing the tight
affinity c-Met-binding domain (P114ARTP94-A3; shown as “A3” in the figure Kp =0.4
ni) significantly inhibited phosphorylation of ERK compared fo the mediom affinity ¢-
Met-binding FN3 domain (P11 14ARSP74-A5; shown as “AS5” in the Figure; Kp =10.1 nM;
Figuore 6).

The concentration of each bispecific EGFR/c-Met molecule was measured at 6
and 72 hours after dosing in the blood and in the tumor (Figure 7). Interestingly, the
bispecific molecule with the medivm affinity EGFR-binding domain (P53A1R5-17v2; Ky
=1.9 nM} but high affinmity c-Met-binding FN3 domain (F114ARTP94-A3; Kp =0.4 nM)
had significantly more fumor accumulation at 6 hours relative 1o the other molecules,
while the difference s diminished by 72 hours. It can be bypothesized that cells outside
the turmor bave Jower levels of both EGFR and ¢-Met surface expression and therefore the
mwediun affinity EGFR molecule doesn’t bind fo normal tissue as tightly compared to the
higher affinity EGFR-binding FN3 domain. Therefore there is more free medium affinity
EGFR-hinding FN3 domain available to bind in the tumor. Therefore, identifying the
appropriate affinities to cach receptor may allow for identification of & therapeutic with

decreased systemic toxicities and ncreased tomor accumaulation.,

Tumaor efficacy studies with bispecific EGFR/e-Met molecules
SCID Beige mice were subcutaneously inoculated with NCI-H292 cells
expressing human HGF (2.0x10° cells in Cultrex (Trevigen) in 200 pL) in the dorsal flank

of each animal. One week after implantation, mice were stratified nto groups with
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equivaient tomor volumes (mean tumor volume=77.9+/-1.7mm’). Mice were dosed three
tirnes per week with the bispecific molecules and tumor volumes were recorded twice
weekly. Tumor growth ichibition {TGE) was ohserved with four different bispecific
molecules, with variable affinities for ¢-Met and EGFR. Figue # shows the benefit of
mhibiting both ¢-Met and EGFR as a delay in tomor growth was observed in the mice
treated with molecules contaming the high affinity EGFR-binding FN3 domam compared
to the medium affinity EGFR-binding FN3 domam when the ¢-Met-binding FN3 domain
was medium affinity (open vs. closed triangles, P54AR4-83v2- P114ARSP74-AS
compared to PS3ATRS-17- P11I4ARSP74-A5). In addition, the data shows the importance
of having a high affinity ¢-Met-binding FN3 domain as bispecific molecules containing
cither the high or medive affinity EGFR-binding FN3 domain but high affinity ¢-Met-
binding FN3 domain showed the most efficacy {dotied gray and black lines, P54AR4-

83vi- PI14ARTP94-A3 and PS3AIRS-17v2- PIT4ARTPO4-AZ).

Efficacy of bispecfic melecule and other jnbibitors of EGFR and e-BMet

The in vive therapeutic efficacies of a bispecific EGFR/c-Met molecule (ECRB38)
and the small molecule intubitors crizotinib (c-Met inhibitor) and erlotinib (EGFR
inhibilor}, cetinimab (anii-EGFER antibody}, each as a single agent, and the combmation of
crizotmb and erlontinib, were evalvated in the reatment of subcutancous H292-HGF
human lung cancer xenograft model in SCID/Beige mice.

The H292-HGF cells were mamntained in vifro in RPMI1640 medium

-
i
i

supplemented with fetal bovine serum {10% v/v), and L-glutanmine (2 mM) at 37°C in an
atraosphere of 5% CO2 in air. The cells were routinely subcultured twice weekly by
wypsin-EDTA freatruent. The cells growing in an exponential growth phase were

harvested and counted for tumor inoculation.

Table 14,
CGroup | N Treatment Daose Bosing | Flanned Actual
{mg/ke) Route Schedule Schedule

1 10 Vehicle O ip. Q03 QX3
Control weeks weeks

2 10 bispecific 25 ip. 3 3
BEGFR/c-Met umes/week | fimes/week
molecule X3 weeks %3 weeks

3 10 Crizotinib 50 po QDA3 QD#17 days

weeks

X
wr
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4 10 Eriotinib 50 D0 QD2 QD=3
weeks weeks
5 10 Crizotinib 50 D0 QDx3 QD=3
weeks weeks
6 16 Cetuximab I mg/mouse | ip. Q4d*s Q4d*s

N: animal nomber; p.o.: oral a kil"lll"lbtl'atlﬁn, ip.: intraperitoneal injection 3 fimes/week:
doses were given on days 1, 3 and 5 of the week.

QD once daily Q4d: once every four days; the interval of the combination of crizotinib
and erlotinib was 0.5hrs; dosing volume was adjusted based on body weight {10 I/g); a
dosing was not given on day 14 post grouping.

Each mouse was 1ooculated subcutancously at the right flank region with H292-
HGE tumor cells (23 10°) in 0.1 mi of PRS with cultrex {1:1) for tumor developrent. The
ireatments were started when the mean tumor size reached 139 o, The test article
administraiion and the animal numbers in each study group were shown in the following
experimenial design table. The date of tumor cell tnoculation was denoted as day 8. Table
14 shows the treatment groups.

Before commencement of treatment, all animals were weighed and the tumor
vohimes were measured. Since the tumor volume can affect the effectiveness of any given
treatment, mice were assigned into groups using randonuized block design based upon
their tumor volumes. This ensures that all the groups are comparable at the baseline. The
randomized block design was used to assign experimental animals to groups. First, the
experimental animals were divided 1nto homogeneous blocks according io their initial
twomor volome. Secondly, within cach block, randomizalion of experiruental animals to

wreatments was conducted. Using randomized block design to assign experimental antmals

ensurcd that each animal had the same probabilily of being assigned to a given treatment
and therefore systematic error was reduced.

At the time of routine monitoring, the animals were checked for any effects of
tomnor growth and {reatiments on normal behavior, such as mobility, visoal estimation of
food and water consuruptlion, body weight pain/loss (body weights were measured twice
weekly), eve/hair matting and any other abnormal effect.

The endpoint was whether tumor growth can be delayed or tumor bearing mice
can be cured. Tumor size was measured twice weekly in two dimensions using a caliper,
and the volume was expressed in mm’ using the formula: V = 0.5 « x ” where a and b are
the long and short diameters of the fumor, respectively. The tumor size was then used for

calculations of both T-C and T/C values. T-C was calcuiated with T as the tinwe (in days)
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required for the mean wmor size of the treatment group to reach 10060 mm’, and C was the

tirne {in days} for the mean tumor size of the control group to reach the same size. The
T/C value (io percent) was an indication of antitumor efficacy; T and € were the mwean
tumor volome of the treated and control groups, respectively, on a given day. Complete
tumor regression (CR} is defined as tumors that are redaced (o below the limit of palpation
{62.5 mm’). Partial tumor regression {PR) is defined as tomors that are reduced from
mitial tumor volume. A minimum duration of CR or PR in 3 or more sticeessive tumor
measurements is required for a CP or PR to be considered durable.

Animals for which the body weight loss exceeded 20%, or for which the mean
tumor size of the group exceeds 2000 mm’ were euthanized. The study was terminated
after two weeks of observation after the {inal dose.

Summary statistics, including mean and the standard error of the mean (SEM), are

ovided for the umor volume of each group at each tune point are shown in Table 15,
Statistical analyses of difference in tumor volume among the groups were cvaluated usin
a onc-way ANOVA followed by individual comaparisons using Games-Howell {equal
variance not assumed). All data were analyzed osing SPSS 15.0. p < 0.05 was considered

11
H
1

o be statistically significant,

Table 15,

Days | Tumor volume (mm’)a
Vehicle bispecitic Crizotinib | Erlotinib at | Crizotinib; | Cetuximab
EGFR/e- at 50mg/ke Erlotinib | atl
Met S0mg/ke at me/mouse
molecuie at 50me/kg;
25me/ke S0mg/kg
7 139+7 1377 14049 14148 13948 138+10
9 23020 142+7 217220 201£19 13449 168413
13 516%45 83+6 547+43 392446 10910 212420
16 508+104 44+7 914482 560470 127415 282428
20 1280209 1 3046 1438+23¢ | 8724136 214436 371448
23 17584259 | 2347 21024298 | 11224202 | 263440 485461
2 2264318 | 2145 -= 1419577 1 266342 64082
30 -~ 2348 -~ 15164623 | 482461 2694100
The mean tumor size of the vehicle treated group (Group 1} reached 1,758 mm’ at
day 23 afier tumor noculation. Treatment with the bigpecific EGFR/c-Met molecule at 25

[}

>0
-~k
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mwg/kg dose level (Group 2} led to complete turnor regression {CR) inall mice which were

el
2

durable in >3 successive tumor measurernents {average TV=23 mun’, T/C vahie = 1%, p=

0.004 compared with the vehicle group at day 23).

Trealment with crizotinib as a single agent at 50 mg/kg dose level (Groop 3)
showed no antitumor activity; the mean tumor size was 2,102 mm’ at day 23 (7/C value
=120%, p=0.944 compared with the vehicle groop).

Treatment with erlotinib as a single agent at 50 mg/kg dosing level (Group 4)
showed minor antitumor activity, bt no significant difference was found compared with
the vehicle group; the mean wmor size was 1,122 mm’ at day 23 (T/C value =64%, p=
0,429 compared with the vehicle group), with 4 days of tumor growth delay at tumor size
of 1,000 ooy’ compared with the vehicle group.

The combination of crizotinib (50 mg/ke, Group 3} and erlotinib (58 mg'ke,

Group §) showed significant antitumor activity; the mean tumor size was 265 mm’ at day
23 (T/C=15%; p= 0.008), with 17 days of tumor growth delay at turmor size of 1,000 i’
compared with the vehicle group.

Cetuximab at | mg/mouse dosing level as a single agent {Group 6) showed
significant antitumor activities; the mean tumor size was 483 mm’ at day 23 (T/C0=28%;
p=0.018), with 17 days of tamor growth delay at tumor size of 1,000 mm’ compared with
the vehicle group. Figure 9 and Table 16 show the anti-tomor activities of the various

therapies.

Table 16.

Treatment };::?;;‘g:‘l 23 T (%) r{ﬁzﬂ(;?z;) ot P value
Vehicle 1758+259 -- - --
bispecific 2347 1 -~ 0.004
BGFR/e-Met

molecule

{25mg/kg)

Crizotinib 2102+298 120 -1 $.944
{50mg/kg)

Erlotinib 11224202 64 4 0.429
(S0mg/ke)

Crizotinib+ 265440 15 17 ¢.008
Erlotinib

{50mg/kg+50mg/k

3]

Cetuximab (1 485461 28 17 3.018
mg/mouse}

>0
[02e]
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Mediun to severe body weight foss was observed 1n the vehicle group which
woight be due fo the jucreasing tumor burden; 3 mice died and 1 mouse were euthanized
when BWL>20% by day 23, Slight toxicity of the bispecific EGFR/e-Met molecule was
observed in Group 2; 3 mice were cuthanized when BWL>20% during the treatment
period; the body weight was gradually recovered when the treatment was withdrawn
during the 2 weeks of observation period. More severe body weight loss was observed in
the crizotinib or erlotinib monotherapy group compared to the vehicle group, suggesting
the treatment related toxicity. The combination of crizotinib and erlotinib was generally
tolerated during the dosing phase, but severe body weight loss was observed at the end of
the study, which might be due to the resumption of the fast tumor growth during the non-
ireatinent perind. The mounotherapy of cefuximab was well tolerated in the study; body
weight loss was only obsarved at the end of the study due to the resume of the tumor
growth,

To suromary, the bispecific EGFR/c-Met molecule at 25 me/kg (3 tirues/week x 3
weeks) produced @ complete response in H292-HGF human lung cancer xenografi model
in SCHD/Beige mice. The treatment was tolerated in 7 out of 10 mice, and resulted in
severe body weight loss in 3 oui of 10 mice. Figore 9 shows the apact of the various

therapies on {omor size during the time points after treatment.

Example 8: Half-life extonsion of the bispecific EGFR/e-Met molecules

Numerous methods have been described to reduce kidney filiration and thus
extend the serum haif-fife of proteins including modification with polyethylene giycol
(PEQ) or other polymers, binding to albumin, fusion io protein domains which bind o
albumin or other serum proteins, genetic fusion o albumin, fusion to IgG Fe domains, and
fusion to Jong, unstructured amino acid sequences.

Bispecific EGFR/c-Met molecules were modificd with PEG in order to jucrease
the hydrodynamic tadius by weorporating a free cysicine at the C-terminus of the
molecule. Most commonly, the free thiol group of the cysteine residue is used {o aitach
PEG molecudes that are functionalized with maleimide or icdoacetenide groops using
standard methods.  Various forms of PEG can be used {o modify the protem including
linear PEG of 1600, 2000, 5006, 10,000, 20,000, or 40,600 kDa. Branched PEG
molecules of these molecular weights can alse be used for modification. PEG groups may
also be attached through primary amines in the bispeciiic EGFR/c-Met molecules in some

mstances.
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Inaddition to PEGylation, the bali~iife of bispecific EGFR/c-Met muolecules was
extended by producing these protens as fusion molecules with a naturally occurring 3-
helix bundle serum albumin binding domain {ABD) or a consensus alburnwn binding
domain (ABDCon}. These protein domains were linked to the C-terminus of the o-Met-
binding FN3 domain via any of the linkers described 1n Table 12, The ABD or ABDCon
domain may also be placed between the EGFR-binding FN3 domain and the c-Met
binding FN3 domain in the primary sequence. In some cases, albumin or albumin variant
{(SEQ ID NO: 189) was hinked to the bispecific EGFR/c-Met moleciles to the C-terminus

of the ¢-Met binding FN3 domain.

Example 9: Characterization of select bispecific EGFR/e-Met melecnles

Select bispecific EGFR/c-Met molecules were characterized for their affinity io
boih EGFR and c-Met, their ability o inkubit EGFR and ¢-Met autophosphoryiation, and
their effect on proliferation of HGF cells. Binding affinity of the bispecific EGFR/c-Met
molecuies to recombinant EGFR and/or o-Met extracellular domain was further analyzed
by murface Plasmon resonance methods using a Proteon Instrument (BioRad) according to

protocol described in Example 3. Resulis of the charactenzation are shown i Table 17,

Table 17.

—~ H292-HGF
Kp Kn ol ;E)}.\/ti‘etn " )?i(tﬂ:i o Proliferation
Molecule | (EGFR, | (c-Met, | Lo 0OHORIR P WHABCIIR - ninition in HGF-
N H441 cells H292 cells . S
nM} M) (Cs, M3 | (FCs0, M) induced H292 cells
{50, TUME {50, TUME (ICs0, BM)
FCRI1S 0.2 2.6 w/a 4.2 23
ECRS4 1 43 S3.8 5.1 28.6
FCRYS i1 8.2 178.8 i3.6 3834
EOROS 1.6 221 3354 247 9480
ECRY7 .3 1.7 242 16.6 318
ECR106 6.7 5.1 533 367.4 484,35
ECRIO7 i6.9 g 299 %123 2637
BCB108 5.3 255 126.2 814.4 11372
ECRIG9 i7.3 2.1 26 432 573.6
ECR168 04 0.32 31
TCR158* 0.9 .58 10.8
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*ECR 158 1s ECR168 conjugated to human serum albumdn variant €348 via a {(GGGGR),

linker of SEQ 1D NG: 224

Example 10, Paratepes of EGFR and o-Met binding FXN3 domains

A series of mutations were made to molecule P5S4AR4-83v2 (SEQ I NG: 27y
order to define residues critical for binding to the EGFR extracellular domain. For this
analysis, every aming acid position 1 the BC and FG loops were nustated to alanine one at
2 fune to produce 18 new molecules. The affinity that these wutants hind to EGFR was
determined by SPR analysis using a Proteon instrument. The results are shown it Table
18. 10 positions resulied o a loss of binding affinity greater than 10-fold wdicating that
these positions countribute 1o binding to EGFR. Fold change indicates fold change of the
Ky value of a variant when compared to the parent P54AR4-83v2. A combination of
residies from the BC and FG loops makes up the binding surface. 10 positions were
shown to weaken binding to EGFR by greater than [0-fold, and 5 positions were shown to
weaken binding to EGFR by greater than 100-fold (D23, F27, Y28, V77, G83). In
addition to P54AR4-83v2, EGFR-binding molecules P54 AR4-48, PS4AR4-81, PS3AIRS-

V2, PS4ARA-83v22 and PS4AR4-83v23 (SEQ ID NOs: 21, 25, 107, 108 and 109,

respectively) have identical residues at paratope positions that weaken EGFR binding by
grcater than 100-fold when mutated. Several bispecific EGFR/c-Met molecules generated
comprise the PS4AR4-83v2, P54AR4-48, P54AR4-81, PSIAIRS-17vZ, PS4AR4-83v22 or
P54AR4-83v2 as ther EGFR-binding FN3 domain as shown in Table 10,

Table 18,

Molecule SEQ k. {1/Ms) ka (1/s) Ko (nM) Fold
D Change
NO:

P54AR4-83v2 27 3.54E+05 4.98E-05 .14 1
83vZ D22A i94 2.15E+05 3.61E-05 0.14 1
83v2 DI3A 195 1.32E+05 4.20E-03 31.8 227
83v2 P244 196 7.81E+H34 2.19E-04 2.8 20
83v2 WI5SA 197 LIGE+OS 1.69E-04 1.5 11
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B3v2F27A 198 2.32B+04 5.56E-04 24 171
83vZ¥28A 199 4.36E+04 3.86E-03 88.5 632
53v2 H75A 206 1.67E+05 6.558-04 3% 28
B3v2 NT8A 201 2.08E+035 7.43E-05 (.36 3
83v2 VTTA 202 7.88E+04 B.35E-03 108 771
83vZ Y78A 203 1.82E+05 S5.14E-04 2.8 20
83vi K78A 204 6.81E+05 2.83E-05 3.04 8
53v2 DBOA 205 Z3E+05 5.46E8-05 0.45 3
83vi MB3A 206 L77E+D5 2.74E-04 1.5 i1
83vZ R84A 207 2.34E+05 1.37E-04 0.59 4
83vZ GH3A 208 7.30E+04 2.20E-03 30.1 215
83v2 LBG6A 209 3.09E+05 117E-04 3,38 3
83v2 T8IA 216 2.28E+05 8.38E-05 .37 3
B3v2 N82A 211 1.94E+05 9.67E-05 0.5 4

Likewise, a series of nutations were made fo the presumed c-Met interaction
surface of molecule P1I4ARTPSS-A3 (SEQ ID NO: 415 in order to define positions
critical for target binding. This analysis was done in the countext of bispecific molecule
ECBI5 (SEQ I NO: 145) and serine was used as a replacement wstead of alanine as
described above. Seriue was chosen to dectease the hydwophobicity of the resulting
mnitants. Table 19 describes the SPR resulis with the nombering of cach mutation position
relative to that of molecude A3 {(SEQ 1D NO: 41). 7 positions were shown to weaken
binding to c-Met by greater than 10-fold. No binding was measurable for mutants M728S,
R34S, and [795. F38S mutation reduced binding to c-Met by greater than 100-fold. This
data demonstrates that the positions contributing for ¢-Met binding are distributed among
the C-strand, F-strand, CD loop, and FG loop. Fold change indicates fold change of the
Kyp vaiue of a variant when compared to the parent PHI4ARTP95-A3. In addition to
P114ARTPU4-A3, c-Met -binding molecules P114ARTPY2-F3, P114ARTPO5-DS,
PII4ARTPUS-Fi0 and P1I4ARTPUS-HE (SEQ ID NOs: 34, 44, 47 and 49, respectively)
have identical residues at paratope positions that weaken c-Met binding by greater than

1060-told when mutated.
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Table 19,
Samipie SEQ ka (1/Ms} kd {175} KD Fold
ID NG (M} Change
ECBIS 145 3.51E+65 1.33E-04 0.4 1

A3 K78S 212 4. 40E+05 1.50E-04 0.3 (.75
A3 G408 213 1.85E+05 3.20E-04 1.7 425
A3 L39S 2i4 4,758+05 L27E-03 2.7 6.75
A3 V6ES 2i5 3295405 1.20E-03 3.6 9
A3 N70S 216 4.75F+05 2.49E-03 5.9 14.75
A3 PRIS 217 3.21E+G5 5.36E-04 i7 4.25
A3 F368 218 1.88E+0S 5.12E-03 272 68
A3 W3ZS3 219 2.89E+05 8.60E-03 29.8 74.5
A3 MT72S 220 -
A3 R34S 221 - - -
A3 F38S 222 4.51E+04 3.23E-02 717 1792.5
A3 1788 223 - - -

Example 11, Inhibition of human tumer cclf growth By bispecific EGFR/e-Met
melecules

Inhibition of human tumor cell growth was assessed in standard attachment
cultore as described in Examples 3 or 6, or in low attachment condifions. To assess
survival in low attachment conditions, cells were plated in Ulira Low Attachment 96-well
plates (Corning Costar) in 50 pL/well of RPMI medium (Invitrogen) containing
GlutaM AX and 23mM Hepes, supplemented with | mM sodium pyruvate (Gibeoy, 0.1
mM NEAA (Gibeo), and 10% heat inactivated fetal bovine serum {Gibeo), and allowed to
attach overnight at 37°C, 5% CO,. Cells were freated with varying concentrations of
antibodies {0.035 — 760 nM final), along with HGF (7.5 ng/ml, R&D Systerus cat 294-
HGN}, then incubated at 37°C, 5% €O, for 72 hours. Some wells were left untreated with
either HGF or antibodies as confrols. Viable cells were detected using CeliTier-Glo®
reagent {Promega), and data were analyzed as described above ju “Tehibition of Human
Tumor Cell Growth (NCI-H292 growth and NCE-H322 growth assay)” in Example 3,
except that lysales were transferred to opague white 96-well tissue cultore-treated plates

{(PerkinElmer) prior to reading luminescence.

0
o
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Cell line was classified as a strong responder 0 EGFR/c-Met bispecific molecule

1 those instances when maximum inbibition of cell growth was > 40% and relative 1Cs <

5 mM.

Inhibitory activity of ECB15 was assessed in muitiple cell lines having wild type,

amplified or owlant EGFR and wild type or anplified c-Mel. ECBI15 juhibited turaor cell

growih of cell lines shown in Table 20. ECRBI3 also inibited growth of NCE-H1975 cell

line having mdation T790M which has been show to resalt in resistance to TKis such as

eriotinib.
Table 20.
Cell line Histology EGFR c-Met
NCI-H1650 Broncho-alveolar- Del(E746, AT50) WT
adenocarcinoma
SKMES-1 Squamous WT WT
NCEHI563 Adenocarcinoma
GEC-82 Adenocarcinona
Calu-3 Adenocearcinoma
NCI-H1573 Adenocarcinoma AMP AMP
NCI-H 1435 NSCLC
NCI-H1975 NSCLC 1L.858R; T790M WT
NCI-H1666 roncho-alveolar-
adenocarcinoma
HCC2935 NSCLC del (E746 - T751), 87521
HCC4006 Adenocarcinoma del{L747 - E749), A750P
H292 Mucoepidermoid WT WT
H322 Adenocarcinoma WT WT
HCCR27 Adenocarcinoma del (E746, A750) AMP WT
H396 Adeno-squamous WT Exon 14
mixed deletion
Hi8rY Sguamaous WT WT

WT: wild type
AMP: amplified
Del: deletion
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SEQ {Type [Species [Descrigtion{Seguence
D
NO:
1 PRT  {Aiificial {Tencon LPAPKNLVWVSEVTEDSLRLSWTAPDAAFDSFLIGYQESEKVGEAINLT
VPGSERSYDLTGLEPGTEYTVSIY GVKGGHRENPLSAEFTT
2 DA Artificial [POP2220 {GGAAACAGGATCTACCATGCTGLCGGUGCUGAAMMALCTGETTGY
TTCTGAAGTTACC
3 DNA  jAddificial [TCS'1oFG  {AACACCGTAGATAGAAACGGET
4 DA (Artificial |130mer CGGCGGTTAGAACGCGGCTACAATTAATACATAACCCCATCCCCC
TGTTGACAATTAATCATCGGCTCOTATAATGTGTGGAATTGTGAGE
GCGATAACAATTTCACACAGGAMACAGGATCTACCATGCTS
5 DNA {Artificial [POP2222 {CCGCGGTTAGAACGCGGCTAL
8 DNA {Artificial [TCF7 GGTGCTGAATTCCGTAGACAGCGGSNNSNNSNMSNNSNNSNNSNN
AACACCGTAGATAGAAACGGT
7 DNA - Artificial [TCFS GGTGGTGAATTCCGCAGACAGCGGENNSNNSNNENNSNNSNNSNN
SNNAACACCGTAGATAGAAACGS
8 DNA - {Artificial [TCFS GGTGCTGAATTCCGCAGACAGUGGSRNSNNSNNSINNSNNSNNSNN
SNNSNNAACACCGTAGATAGAAACGET
] DNA - Artificial [TCF10 GGTGGTGAATTCCGCAGACAGCGGENNSNNSNNSNNSNNSNNSNN
SNMNSNNSNNAACACCGTAGATAGAAACGET
10 DNA - {Artificial [TCF 1 GGTGETGAATTCCGCAGACAGUGGSRNSNNSNNSINNSNNSNNS NN
SNNSNNSNNSNNAACACCGTAGATAGAANACGGET
11 DRA (Artificial |TCF12 GETGCTGAATTCCGCAGACAGCGGSNNSNNSNNSNNSNNSNNSNN
SNMNSNNSNNSNNSNNAACACCGTAGATAGAAACGSET
12 DNA - jArtificial [POP2234 (AAGATCAGTTGCGGCCGCTAGACTAGAACCGLUTGCCATGGTGATG
GTGATGGTGACCGCIGETGGTCAATTCCGCAGACAG
13 DNA  jArtificial [POP2250 |CGGCGGTTAGAACGUGGCTACAATTAATAC
14 DNA  {Arificial [DidLigRev |[CATGATTACGCCAAGCTCAGAA
15 DNA  {Artificial |TeconbBnew |GAGCCGCCGCCACCGGTTTAATGGTGATGETGATGET
2 GACCACCGGTGGTGAATTCCGCAGACAG
16 IDNA  |Artificial |TconS AAGAAGGAGAACCGGTATGCTGCCGGCGLCGAAMAAT
17 DNA  {Artificial [L31008 TTTGGGAAGCTICTAGGTCTCGGCGGTCACCATCACC
ATCACCATGGCAGCGGTTICTAGTCTAGCGGCCCOAAC
TGATCTTCACCAAAC
18 PRT  Ardificial |PS3ATRS- |LPAPKNLWSEVTEDSLRLSWADPHGFYDSFLIQYQES
17 withoul |EKVGEAINLTVPGSERSYDLTGLEPGTEYTVSIYGVHNY
met YKOTNMRGLPLSAEFTT
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19 PRT  |Artificial |P34AR4-17 LPAFKNLVVSEVTEDSLRLISWTYDRDGYDSFLIQYQES
without met EKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YKDOTNMRGLPLSAEFTT
20 PRT  |Addificial |[PD4AR4-47 LPAPKNLVVSEVTEDSLRLSWGYNGDHFDSFLIQYQES
without met EXVGEAINLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YROTNMRGLPLSAEFTT
21 FRT  |Ardificial |PS4AR4-48 LPAPKNLYWSEVTEDSLRLSWDDPRGFYESFLIOYQES
without met EKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YKDTNMRGLPLEAEFTT
22 PRY  |Artificial |[P54AR4-37 LPAPKNLYVEEVTEDSLRLEWTWPYADLDSFLIQYQES
without met ERVGEAINLTVPGSERSYDRLTGLKPGTEYTVSIYGVHNY
YKDTNMRGLPLSAERFTT
23 PRT  |Artificial |54AR4-74 LPAFPKNLVVSEVTEDSLRLSWGYNGDHFDSFLIQYQES
without met EXVGERAINLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YKDOTNMRGLPLSAEFTT
24 PRT  |Ardificial |P54AR4-81 LPAPKNLYWSEVTEDSLRLSWDYDLGVYYFDSFLIQYQE
without met SEKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIVGVHN
VYKDTNMRGLPLSAEFTT
25 FPRT |Addificial |[PS4AR4-83 LPAPKNLYWVSEVTEDSLRLSWDDPWAFYESFLIQYQE
without met EKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YKDTNMRGLPLESAEFRTT
26 PRYT  |Artificial |PS4CR4-31 LPAPKNLYVSEVTEDSLRLEWTAPDAAFDSFLIQYOESE
without Met VGEAINLTVPGSERSYDLTGLKPGTEYTVSIYGVLGSY
VEEHDVMLPLSAEFTT
27 PRT  |Artificial |P54AR4-83v2 |LPAPKNLVVSEVTEDSARLSWDDPWAFYESFLIQYQES
without Met EXVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YKDTNMRGLPLSAIFTT
28 PRYT  |Artificial |[P54CR4-31v2 |[LPAPKNLVWIEVTEDSARLSWTAPDAAFDSFLIQYQESE
without Met KVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVLGSY
VEEHDVMLPLSAIFTT
29 PRY  |Artificial |P54AR4-73v2 |LPAPKNLVYVSEVTEDSLRLEWTWPYADLDSFLIQYQES
wihtout Met ERVGEAINLTVPGSERSYDRLTGLKPGTEYTVSIYGVHNY
YKDTNMRGLPLSAERFTT
30 DNA  |Artificial [TCONE AAG AAG GAG AAC CGG TAT GCT GCC GGC GCC
GAAABAC
31 DNA  |Artificial [TCONS GAG CCG CCG CCACCG GTTTAATGG TCATGG TGA
E86ishort TGG TGA CCA CCG GTG GTG AAG ATC GCA GAC AG
32 PRT  |Artificial |[P114ARSP74- |LPAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYDEY
AS VVGGEAIVLTVPGSERSYDLTGLKPGTEYYVNILGVKGG
SISVPLSAIFTT
33 PRT |Artificial |[P114ARSP7S- |LPAPKNLVVSRVTEDSARLEWTAPDAAFDSFFIRYDEFL
E2 REGEAIVLTVPGSERSYDLTGLKPGTEYWVTILGVKGGL
VSTPLEAIFTT
34 PRT |Artificial |P114AR7PO2- |LPAPKNLVVSRVTEDSARLEWTAPDAAFDSFWIRYFEFL
F2 GSGEAIVLTVPGSERSYDLTGLKPGTEYIVNIMGVKGGS!
SHPLSAIFTT
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35 PRT |Artificial {P114ARTPOLPAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYFEFL
2-F6 GSGEAVLTVPGSERSYDLTGLKPGTEYVVNILGVKGGGL
SVPLSAIFTT
38 PRT  |Ariificial {(PTI4ARTPOILPAPKNLVVSRVTEDSARLSW TAPDAAFDSFVIRYFEFLG
2-08 SGEAIVLTVPGSERSYDLTGLKPGTEYVWWQILGVKGGYIS!
PLSAIFTT

37 PRT |Artificial {P114ARTPOILPAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYLEFLL

2-Hs GGEAIVLTVPGSERSYDLTGLKPGTEYVWRQIMGVKGGETYS

PRLSAIFTT
35 PRT  (Artificial {P114ARTPOLPAPKNLVVSRVTEDSARLOW TAPDAAFDSFWIRYFEFL
3-I14 GSGEANVLTVPGSERSYDLTGLKPGTEYVWGINGVKGGY!

SYPLSAIFTT

39 PRT  {Aviificial {(P114AR7PO{LPAPKNLVYSRVTEDSARLSW TAPDAAFDSFWIRYFEFL
3-8 GSGEAVLTVPGSERSYDLTDLRKPGTEYGVTINGVKGGRY
STPLSAIFTT

40 PRT  |Artificial {P1I4ARTPOILPAPKNLVVSRVTEDSARLSW TAPDAAFDSFWIRYFEFL
3-H9 GSGEAIVLTVPGSERSYDLTGLKPGTEYVWOHGVKGGHIS
LPLSAIFTT

41 PRT |Artificial {P1I4ARTPOILPAPKNLVVSERVTEDSARLSWTAPDAAFDSFWIRYFEFL
4-A3 GEGEAIVLTVPGSERSYDLTGLKPGTEYVWNIMGVYKGGKI
SPPLSAIFTT

42 PRT |Artificial {P114ARTPY{LPAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYFEFL
4-E5 GSGEAWVLTVPGSERSYDLTGLKPGTEY AVNIMGVKGGERY
SVPLSAIFTT

43 PRT  Ariificial {P114ARTPHLPAPKNLVVYSRVTEDSARLSW TAPDAAFDSFWIRYFEFL
5-B% GSGEAIVLTVPGSERSYDLTGLKPGTEYVVOILEGVKGGES!
SYPLSAIFTT

44 [PRT  |Artificial |P114AR7PO|LPAPKNLYVSRVTEDSARL SWTAPDAAFDSFWIRYFEFL
3 GSGEAIVLTVPGSERSYDLTGLKPGTEYWNIMGYKGGS!
SYPLSAIFTT

45 PRT  |Artificial {P1I4ARTPOILPAPKNLVYVSRVTEDSARL SWTAPDAAFDSFWIRYFEFL
5-134 GECEAIVLTVPGSERSYDLTGLKPGTEYVWQILGVKEGYH
SIPLSAIFTT

45 |PRT  |Artificial [P114AR7P9|L PAPKNLVVSRVTEDSARL SWTAPDAAFDSFWIRYFEFL
553 GSGEAVLTVPGSERSYDLTGLKPGTEYWQIMGVKGGTY
SPPLSAIFTT

47 PRT  |Artificial {P114ARTPOILPAPKNLVVSRVTEDSARLSW TAPDAAFDSFWIRYFEFTT
5-F10 AGEAIVLTVPGSERSYDLTGLKPGTEYVWNIMGVYKGGSIS
PPLSAIFTT

48 PRT |Artificial {P114ARTPOILPAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYFELLS
5-G7 TGEAIVLTVPGSERSYDLTGLKPGTEYVVNIMGVKGGESIS
PRLSAIFTT

0
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45 PRT  (Artificial |P114ARTPO|LPAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYFEFV

5-HZ SKGEAIVLTVPGSERSYDLTGLKRPGTEYWNIMGVKGGS!
SPPLSAIFTT
50 PRT (Artificial [ECB1 MLPAPKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQES

EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSGGGGEEGGGESGEGEEM
LPAPKNLVVERVTEDSARLSWTAPDAAFDEFWIRYDEVW
VEGEAIVLTVPGSERSYDLTGLKPGTEYYVNLGVRGGSIS
VPLSAIFTT

51 PRT (Artificial |ECB2 MLPAPKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSGGGGESGGGEESGEGESEL
PAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYFEFLG
SGEAIVLTVPGSERSYDLTGLKPGTEYVVNIMGVKGGKIS

PRLSAIFTT

&2 PRT Artificial {ECB3 MLPAPKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSGGGGEEGGGESGEGEEM
LRPAPKNLVVERVTEDSARLEWTAPDAAFOSFWIRYFEFL
GSGEAVLTVPGSERSYDLTGLKPGTEYVWQIGVKGGHIS
LPLSAIFTT

&3 PRT lArtificial |ECB4 MLPAPKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSGGGGEEGGGESGEGEEM
LRPAPKNLVVERVTEDSARLEWTAPDAAFOSFFIRYDEFLR
SGEAIVLTVPGSERSYDLTGLKPGTEYWVTILGVKGGLYS
TPLSAIFTT

&4 PRT lArtificial {ECBS MLPAPKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSGGGGEEGGGESGEGEEM
LRPAPKNLVVERVTEDSARLEWTAPDAAFOSFWIRYFEFL
GSGEAVLTVPGSERSYDLTGLKPCGTEYVWNIMGVKGGKI
SPRPLSAIFTT

&5 PRT lArtificial {ECBE MLPAPKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSGGGGEECGGESGEGEEM
LRPAPKNLVVERVTEDSARLEWTAPDAAFOSFWIRYFEFL
GSGEAVLTVPGSERSYDLTGLKPGTEYWQIIGVKGGHIS
LPLSAIFTT

PRT  lArtificial

i
i
o]
=

MLPAPKNLVYVSEVTEDSARLSWADPHGFYDSFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSGGGGEECGGESGEGEEM
LPAFKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYFEFL
GSGEAVLTVPGSERSYDLTGLKPGTEYWQIIGVKGGHIS
LPLSAIFTT

[43]
(o272
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PRT  |Artificial (ECB1S MLPAPKNLVWEEVTEDSARLSWDDPWAFYESFLIQYQES
EKVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNMRGLPLSAIFTTAPAPAPARPAPLPAPKNLVVERVTED
SARLSWTAPDAAFDSFWIRYFEFLGESGEAIVLTVPGSERS
YDOLTGLKPGTEYVWNIMGVKGGKISPPLSAIFTT

&8 PRT  Artificial (ECB2Z7 MLPAPKNLVVSEVTEDSARLSWDDPWAFYESFLIQYQES
EKVCGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNMRGLPLSAIFTTAPARPARAPAPLPAPKNLYVSRVTED
SARLSWTAFPDAAFDEFWIRYDEVWGGEAIVLTVPGSER
SYDLTGLKPGTEYYVNILGVKGGSISYPLSAIFTT

&8 PRT Artificial |ECBEOC MLPAPKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNMRGLPLSAIFTTAPARPARPAPAPMLPARPKNLVWERVT
EDSARL SWTAPDAAFDSFWIRYFEFLGSGEAIVLTVRPGSE
REYDLTGLKPGTEYVVNIMGVKGGKISPPLSAIFTT

80 PRT |Artificial {ECB37 MLPAPKNLVVSEVTEDSARLSWADLPHGFYDSFLIGYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNMRGLPLSAIFTTAPAFAPAPAFPLPAPKNLWSERVTED
SARLSWTAPDAAFDSFWIRYDEVWVGGEAIVLTVPGSER
SYDLTGLKPGTEYYVNILGVKGGSISVPLSAIFTT

81 PRYT  (Artificial (ECBO4 MLPARPKNLVVSEVTEDSARLSWDDPWAFYESFLIQYQES
EKVGEAIVLTVPGSERSYDLTGLKPCTEYTVSIYGVHNVY
KOTNIRGLPLSAIFTTAPAPARPAPAPLPAPKNLVVSRVTED
SARLSWTAPDAAFDSFWIRYFEFLGSGEAIVLTVPGSERS
YDLTGLKPGTEYVVNILGVKGGKISPPLEAIFTT

82 PRT  |Artificial (ECBSS MLPAPKNLVVSEVTEDSARLSWDDPWAFYESFLIQYQES
EKVCGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKNLVWERVTED
SARLSWTAPDAAFDEFWIRYFEFVGEGEAIVLTVPGSER
SYDLTGLKPGTEYVWNILGVKGGSISFRPLSAIFTT

63 PRT lArtificial (ECBS6 MLPAPKNLVVSEVTEDSARLSWDDPWAFYESFLIQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNIRGLPLSAIFTTAPAPARPAPARLPAPKNLVVERVTED
SARLSWTAPDAAFDSFWIRYFEFVEKGDRAIVLTVPGSERS
YOLTGLKPGTEYVWNILGVKGGSISPPLSAIFTT

G4 PRT (Artificial |ECBS7 MLPAPKNLVVSEVTEDSARLSWDDPWAFYESFLIQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNIRGLPLSAIFTTAPAPARPAFRAPL PARPKNLVVSRVTED
SARLSWTAPDAAFDSFWIRYFEFLGSGEAIVLTVRPGSERS
YOLTGLKPGTEYVVNILSVKGGSISPRLSAIFTT
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85 PRT  (Artificial (ECB106  |MLPAPKNLVWSEVTEDSARLSWDDPHAFYESFLIQYQES
EKVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KOTNIRGLPLSAIFTTAPAPAPAPAPLPAPKNLVVERVTED
SARLSWTAPDAAFDSFWIRYFEFLGESGEAIVLTVPGSERS
YDRLTGLKPGTEYVWNILGVKGGKISFPLSAIFTT

&5 PRT lArtificial (ECB107  IMLPAPKNLVVSEVTEDSARLSWDDPHAFYESFLIQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNIRGLPLSAIFTTARPARPARPAPARLPAPKNLVWERVTED
SARLSWTAPDAAFDSFWIRYFEFVGSGEAIVLTVPGSER
SYDLTGLKPGTEYVVNILGVKGGSISPPLSAIFTT

&7 PRT (Artificial |ECB108  |MLPAPKNLVVSEVTEDSARLSWDDPHAFYESFLIQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNIRGLPLSAIFTTAPAPARPAFRAPL PARPKNLVVSRVTED
SARLSWTAPDAAFDSFWIRYFEFVEKGDAIVLTVRPGSERS
YOLTGLKPGTEYVVNILGVKGGSISPPLSAIFTT

PRT  {Artificial

m
9]
w
5
o>

MLPARPKNLVVSEVTEDSARLSWDDPHAFYESFLIQYQES
EXKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KOTNIRGLPLSAIFTTAPAPARPAPAPLPAPKNLVVSRVTED
SARLSWTAPDAAFDSFWIRYFEFLGSGEAIVLTVPGSERS
YDLTGLKPGTEYVVNILSVKGGEISPPLSAIFTT

(922
o0

89 PRT  jArtificial ([ECB118  |MLPAPKNLVVSEVTEDSARLSWADPHGFYDSFLIQYQES
EKVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKNLVWERVTED
SARLSWTAPDAAFDEFWIRYFEFLGSGEAIVLTVPGSERS
YOLTGLKPGTEYVWNILGVKGGKISPPLSAIFTT

CB118 IMLPAPKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNIRGLPLSAIFTTAPAPARPAPARLPAPKNLVVERVTED
SARLSWTAPDAAFDSFWIRYFEFVGSGEAIVLTVPGSER
SYDLTGLKPGTEYVVNILGVKGGSISPPLSAIFTT

70 PRT  lArtificial

i

71 PRT (Artificial |ECB120 [MLPAPKNLVVSEVTEDSARLSWADPHGFYDSFLIQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNIRGLPLSAIFTTAPAPAPAFAPLPAPKNLVVSRVTED
SARLSWTAPDAAFDSFWIRYFEFVEKGDAIVLTVRPGSERS
YOLTGLKPGTEYVVNILGVKGGSISPPLSAIFTT

72 PRT  (Artificial (ECB121 [MLPAPKNLVVSEVTEDSARLSWADPHGFYDSFLIQYQES
EKVGEAIVLTVPGSERSYDLTGLKPCTEYTVSIYGVHNVY
KOTNIRGLPLSAIFTTAPAPARPAPAPLPAPKNLVVSRVTED
SARLSWTAPDAAFDSFWIRYFEFLGESGEAIVLTVPGSERS
YDLTGLKPGTEYVVNILSVKGGSISPPLSAIFTT

SEQ ID NO: 73, PRT, Homo Sapiens, EGFR

1 mrpsgtagazsa lilallaalcp asraleeskkv

61 vignleityv grnydlisflk tigevagyvli
121 visnydanzt glkelpmrnl qeilhgavri snnpalcnve

1381 grhigscgke dpscpngscw gageencgkl tkiicagges grer

241 tgpresdelv crkfrdeatc kdtepplwly npttygmdvn peg
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301 vidhgscevrs

- s io oa Norel rer-1o]
~ggvchale spegowgpes

rgrecvdkon

cvRicpagvm

sshgisldnp dvggdffeoke

74 PRT i{Homo EGF NSDSECPLSHDGYCLHDGVCOMYITEALDKY ACNCWGEYIG
sapiens ERCQYRDLKWWELR

SEQ D NG: 75, PRT, Homo Sapicas, Tenascin-C

1 wmgawmbgl < £9q hkirgss at. lpeengpv

421 ggevedegvt

pndchghgra

e veddg

scpndeheqy
541 revnggeveh

ghscpsdenn

601l lggovsgredl

vikdvtdital

gnikpdteye vslisrrgdm

sggdhaevds
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viltsekgrh kskpsrvkas tegspelenl

1081 tvrevgwdgl rlnwtsadgs yehfiigvge ankvea

= viteevpdng

Ju

1261 meipgliragt
1321 dnayehivig
1381 s seastakepe
1441
15C1

1561 vrtwvadsgkil dp

1621 pevdnlivsd

1681
1741 i pgveylvsii smkgfeesep vsgsfttsld
iscl isytgekvpe itrtvsgntv eyaltdlepa
1361
1221
1931
2041 ctaisvydkf svgdakbryk
21CG1 lkvegysgts gd kgafwyrnch rvnlimgrygd

2161 anhsggvawf hwkghehsig - a

]
2]
%
]

Artificial |Fibcon tdaptdigvinvidisitvswippsatitgyritytpsngpgepkeltvppsstsy
titgltpgveyvvsivaikdngespplvetagtt

77 PRT iAddificial [10th FN3 domain of [VSDYPRDLEVVAATPTSLLISWDAPAVTVRYYRITYGETGGNSPY
fibronectin (FN10) QEFTVPGSKSTATISGLKPGVDYTITVYAVTIGRGDSPASSKPISINY

78 PRT  Artificial [Linker G

79 PRT iArificial |Linker CGGGSGEEEIGEEESEGEEESCREGS
30 PRT  iArtificial |Linker APAP

81 PRT  {Artificial |Linker APAPAPAPAP

82 PRT  iArificial |Linker APAPAPARAPAFAPAPAFAP

83 |PRT  (Artificial |Linker APAPAPAPAF APAPAPAPAPAPAF APAP APAPAPAPA
PAP

84 PRT  jAstificial |Linker AEAAAKEAAAKEAAAKEAAAKEAAAKAAA
35 PRT iArtificial {Tencon BC loop TAPDAAFD

36 PRT  iArtificial {Tencon GF loop KGGHRSN

87 PRT  iArtificial |PS3AIRS-17 BC loop {ADPHGFYD

23 PRYT  iArificial [P54AR4-17 BCloop |{TYDRDGYD

39 PRT  Artificial [PS3AR4-47 BCloop [WDPFSFYD

S0 PRT iAdificial |[PS4AR4-48 BCleop |DDPRGEFYE

S1 PRT  iArtificial [P34AR4-73 BCloop {TWRYADLD

g2 PRT  (Artificial [P5S4AR4-74 BCloop [GYNGDHFD
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Artificial [PS4AR4-81 BC loop

DYDIGVYD

]

Artificial

pat

P54AR4-83 BC loop

DDPWDHYE

PRT  iArtificial

£ loops of EGFR

HNVYEDTNMRGL

Artificial [FG loops of EGFR

LGSYVEEHDVM

<
jw}
s
s

Artificial |>EGFR part ECB97;

P54AR4-83v22

Atgitgocagegecgaagaaccigatagttagegagattacigaggac

agegegegictgageigagacaatecgigaoegtictacgagagettict
galccagtaicaagagagegagaaanicggigaagegatigivcigac
cgtecogggetcegagegitectacgaccigacegatticaageegagt
accgagtatacggigageatctacggigticacaaigictataaggaca
ctaataiccgeqgicigecteigagegecattticaccace

Artificial |>EGFR part ECB15;

P54AR4-83v2

Atgetgocageccctaagaateigstegigagegaadiaaccyagya
sagoegcccgecigagetaggacgaccogtgngegitctatgantctiice
tgaticagtatcaagaragegaaaaagtiggegaagegaticgtostga
cegteccgagtagegagegetectacgatelgaccggectgaaacegg
gtacggagtacacggigiccaitiacgglaitcacaaigtgiataaagac
accaacatgegiggectgecactgicggegatiticaccace

g9 PRT iArtificial {tencon 27

LPAPKNLVWSRVTEDSARLSWTAPDAAFDSFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLRKPGTEYTVEIYG
VKGGHRSNPLSAIFTT

100 PRT  iArtificial {TCL14 kbrary

LPAPKNLVVSRVTEDSARLSWTAPDAAFDSFXIXYX
EXXXXGEAIVLTVPCSERSYDLTGLKPGTEYXVXIXG
VKGGXXEXPLSAIFTT
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721 avklikiclan re
781 vgknlnsvsv pgrmvinvhea

d liyvhnpvfk g
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45 yvskoga

qla

2
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nsapleggtx

v akhfnms

rpagtistef
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ivvipymki g thaptvkdli

aarncml dekftvikvsd

k eyysvhaktg

1261 akipvkwmal esigrgreftt ksdvwsigvl lwelimtrgap pvedvatfdi tvylliggrri
1321 lagpeyopdpl yevimlkowhp kaemrpsfee lvsrissifs tilgehyvhv natyvnvkev

1381 apypslisse dgnaddevdtr

02 PRT Tromo ORKRANTHEF KKS AT TLIKDPALKIK
. TKKVNTADQCANRC TRNKGLPFTCKAFVFDKARKQCLWFPFNSMS

sapiens SGVKKEFGHEFDLYE

NKDYRNC IGKGRS YKG TV STKSGIKCQPWS SMPHEHSFLPSSYRG

KDLOENYCRNP

RGEEGGPWOFTANPEVRYEVCDIPGCSEVECMTCNGESYRGLMDH

TESGKICQRWBHQTP

HRHKFLPERYPDKGFDDNYCRNFDGQPRIWCY TLOPHTRWE YCAK

TCADNTMND TDVPL

ETTECIQGQGEGYRGTUNTIVNGPCORWI SOYPHEHDMTPENFKC

KDLRENYCRNPDGS

ESPWEFTTDENRVGYC SOPNCOMSHEQADC YRGNGKNYMGNL SGT

RSGLTCSAMWDKNME

DLHRHFWEPD ASKLNENYCRNPODOAHCPWEYTGNPLIWENCPS

L
G
T

'}H-"v'lS LRVYNGRTRINGWMYSLRYRNKRHICGGSLIKESW
L""*D‘JH{;-{;D-—KLKQ\/ NVIQLVYGPEGSDLVLMELAR
oLP
SCSVYGWGYTGLINYRGLLRVAHLYIMGNEKCSQHHRG
v(‘JTL'\Ea'— CAG

AEKIGSGPCEGDYGEPLYCEQHKMRMVL GV NPGRGCAPNRPGIFY
RVAYYAKWIHKI

LTYKVPGS

ey
fousd]
w
C
ﬁ

Artificial [>cMET part ECR37  [Cigeegocicegaagaacttgotggigageogigitaccgaagaiage
P114ARTPO5S-Chv2  gcacgecetgageiggacgacaccggaigegaegticgatageticigg
attegetatttigagtitctgogiageggigagacaatigticigacggigee
gggcicigaacgetectacgatitgaceggictgaaaccgggeacega
gtaigtgoigaacaticigagegitaagggeggiageaicageccaccyg
cigagegegaicticacgactggtgsiige

104 |DNA  iArtificial {»cMET part ECB15  |Ctgocggeacegaagascctggiigicageegtgtoacegaggat
P114AR7P84-A3 cgcacgttigageiggaccgeicegaatgeagectittgac agcttctgga
tiegitacttigasiticigggtagegatigaggegategitcigacggigesg
ggctetgaacgeageiatgatitgacgggectigaageegaatactgagt
acgiggttaacaicatlgggeoitaaggatggisaaateagecegeeatt
glocgegatetitacoacy

105 PRT  iArtificial flinker GGGGS

106 ({PRT  iArtificial |ECBS1 mipapknivvsevtedsariswddpwafyesfligy gesekvgaaivitvpgse
rsyditgiipgieytvsivgvhavykdinirginlzaiftiapapapapap PAP
ENLVVSRVTEDSARISWTAPDAAFDSFWIRYFEFLGSGEAIVITY
PGSERSYDLTGLKPGTEYVVNILSVKGESISPPLSAIFTT

-,
(=]
~

PRT iArtificial {PS3A1RS-17V2 inapknivvsevtadsartswadphgfydsfliqygesekvgesivitvpgsersy
ditgikpgtevivsivevhnvykdinmglpisaiftt
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108 |PRT

Artificial

PRAARA-83v22

inapknivvsevtedsariswddpwatyesfligygesekvgeaivitvpgsers
vditglkpgieytvsivgvhnvykdinirgiplsaifty

Artificial

P5AARA-83v23

inapknivvsevtedsariswddphaiyesfligygesskvgeaivitvpgsersy
ditgikpgieytvsivgvhnvykdinirginisaifit

PRT

Artificial

P53AIRS-17v22

ipapknivvsevtedsartswadphgfydsfliqygesskvgeaivitvpgsersy
ditglicpgieytvsivgvhavykdinirgipisaiftt

PRY

PII4AR7PG4-A3v22

ipapknivvsrvtedsariswtapdaafdsfwiryfefligsgeaivitvpgsersyd
Hglkpgteywnilgvkgekispplsaiftt

-5
—t
%)

PRT

Artificial

LPAPKNIVYSRVTEDSARLSWTAPDAAFDSFWIRYFEFVGSGEA]
VETVPGSERSYDLTGLKPGTEYVYNILGVKGGSISPPLSAIFTT

-
-
[N

PRT

Artificial

LPAPKNIVYSRVTEDSARLSWTTAPDAAFDSPWIRYFEFVSKGDA
WETVPGSERSYDLTGLKPGTEYVVNILGVIKGGSISPPLSAIFTT

PRT

Artificial

PII4ARTPSS-C5v2

LPAPKNLVYSRVTEDSARLSW TAPDAAFDSFWIRYFEFLGSGEAL
VLITVPGSERSYDLTGLKPGTEYVVNILSVKGGSISPPLSAIFTT

RN

o

C
=

Artificial

ECBY7

aigtigecagegeegaagaacciggiagtiagegagatiacigaggac

agegegegictgagetoggacaatecgtogacegtictacgagageitict
gatccagiaicaagagascgasaaagieogigaageatigigictgac
cgicecgageteccgagegticotacyacoigacoggttigaageoygat
accgagtatacggigageatctacggioticacaaigictaiaaggaca

claatatcogeggictgeoicigagegocatiticaccaccgeacegae

aceqgctecggetecigeccegelgecageicegaagaacttaatggig
agecgigttaccgaagatagegeacgecigageiggacggeacegaa
tgeogegtticgatageticiggaticgetatttigagtiictgagtagegsiga
gocaatigtictgacggtaccgaacictgaacgetectacgatiigaccg
gicigaaaccggucaccgagtaigionigaacaticigagestiaagys
cggtagealcagoccacegeigagoegegatcticacaactagigatige

-
—
[s2]
)
£

atgeigecageccciaagaateiggicgigagegsagtaacegagaac
agcgeccgcsigageigsgacsacesgiggaeaticiatgagiciticet
gaticagiatcaagaaageoaasaagiiggegaagesategicctyac
cgtecogggiagegagencicciacgaicigacoggesigaaacogyd
tacggagtacacgaigtoccatitacogigticacaaigiglataaagaca
ccaacaigegiggectgecgeigiegocgattticaccacegegecige
gecagegecigoaccggetcegetigecggoaccgaagaaccigatigh
cagecgtgigaccegaggatagegeacgittgagetggacegetecggs
tgecagectiigacageticiggaticgttacitigaatitctggaiagaegstia
agoegategticigacgatoccugneictyaacgeagatatgatitgacy
agccigaagecganiactgastacatggitaacatoatgagegiiaasgy
glagtaaaatcangcecgecatigicogegatetitacoacy

-
—
~

PRY

albumin binding
domairn

fidewlikeakekaieeikkagitsdyyfdlinkakivegvnalikdeilka
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118 [PRT  Artificial [ECR18 mipapknivvsevtedsariswddpwaiyesfligyqesekvgeaivity
ogsersydiigikpglevivsivgvhnvykdinmrgipisaiittapapapa
paplpapknivvsiviedsariswiapdaafdsiwirydevvvggeaivit
vpgsersyditgikpatevyvnilgvkggsisvplsaifilapapapapapt
agakvianreldkygvsdyvkntinnakivegvkalideiiaaip

18 |PRT  iAstificial {ECB28 mipapknivvsevtedsariswadphgfydstligygesekvageaivity
pgsersyditglipalevivsiygvhnvykdinmrgipisaifttapapapa
paplpapknivvarviedsariswiapdaafdsfwirydevvvggeaivit
vpgsersyaitgikpateyyvnilovkaasisvplsaifitapapapapag!
aeakvianreldkygvsadyvknlinnaktvegvkalidetiaalp

120 |PRT  iArtificial {ECB38 rripapknivvsevtedsariswddpwatyesfligvgesekvgeaivity
pgsersydiiglkpgteyivsivgvhnvykdinmrgipisaiftiapapapa
gaplpapknivvsiviedsariswiapdaaidstwiryfeflgsgeaivity
pgsersydiigikpgteyvvnimgvkggkispplsaifttapapapapagpl
aeakvianreldkygvsdyyknlinnakivegvkalideiiaaip

121 |PRT  iArdificial {[ECB38 mipapknivyseviedsariswadphglydsfligyogesekvgeaivity
pgsersydiigikpgteytvsivgvhnvykdinmrgipisaiftiapapapa
paplpapknivvsrvtedsarswiapdaaidsfwiryfeflgsgezivity
pgsersydiigikpgteyvvnimgvkggkispplsaifttapapapapapl
ageakvianreldkygvsdyyknlinnakitvegvkalideiiasip

122 [PRY  iArtificial [PS53A1TRS-17 wihMet [MLPAPKNLVVSEVTEDSLRLSWADPHGFYDSFLIQY
QESEKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIY
GVHNVYKDTNMRGLPLSAEFTT

123 |PRT  {Artificial |P54AR4-17 with Met [MLPAPKNLVVSEVTEDSLRLSWTYDRDGYDSFLIQY
QESERKVGEAINLTVPGSERSYDLTGLKPGTEYTVSHY
GVHNVYKDTNMRGLPLSAEFTT

124 IPRT  jArtificial [PB4AR4-47 with Mel [MLPAPKNLYVSEVTEDSLRLSWGYNGDHFDSFLIQY
QESEKVGEAINLTVPGSERSYDLTGLKPGTEYTVSEY
CVHNVYKDTNMRGLPLSAEFTT

125 [PRT  {Arificial |P54AR4-48 with Met [MLPAPKNLVVSEVTEDSLRLSWDDPRGFYESFLIQY
QESEKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIY
GVHNVYKDTNMRGLPLSAEFTT

126 {PRT  {Arlificial |P54AR4-73 with Met {MLPAPKNLVVSEVTEDSLRISWTWPYADLDSFLIQY
QESERKVGEAINLTVPGSERSYDLTGLKPGTEYTVSHY
GVHNVYKDTNMRGLPLSAEFTT

127 IPRT jArtificial [54AR4-74 with Met  [MLPAPKNLYVEEVTEDSLRLSWGYNGDHFDSFLIQY
QESEKVGEAINLTVPGSERSYDLTGLKPGTEYTVSEY
CVHNVYKDTNMRGLPLSAEFTT

128 [PRT  iArificial |P54AR4-81 with Met [MLPAPKNLVVSEVTEDSLRLSWDYDLGVYFDSFLIQ
YGESEKVGEAINLTVPGSERSYDLTGLKPGTEYTVS]
YEVHNYYKDTNMRGLPLSAEFTT

120 {PRT  {Arificial |P54AR4-83 with Met [MLPAPKNLVVSEVTEDSLRLSWDDPWAFYESFLIQY
QESEKVCEAINLTVPGEERSYDLTGLKPGTEYTVSIY
GVHNVYKDTNMRGLPLSAEFTT
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130 PRT  jArtificial {PB4CR4-31 with Met IMLPAPKNLYWIEVTEDSLRLSWTARPDAAFDIFLIQY
QESEKVGEAINLTVPGSERSYDLTGLKPGTEY TVSHY
GVLGSYVFEHDVMLPLSAEFTT
131 |PRT  jArtificial {P54AR4-23v2 with  [MLPAPKRNLVWSEVTEDSARLSWDDPWAFYESFLIQY
Met QESERVGEAVLTVPESERSYDLTGLKPGTEYTVSIY
GVHNVYKDTNMRGLPLSAIFTT
132 {PRT  iAstificial {PS4CR4-31v2 with  [MLPAPKNLVVSEVTEDSARLSW TARDAAFDSFLIQY
Met QESERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIY
GVLGSYVFEHDVMUPLSAIFTT
133 |PRT  jArtificial {P54AR4-73v2 MLPAPKRNLVWSEVTEDSLRLSWTWPYADLDSFLIQY
withhet QESERVGEAINLTVPGSERSYDLTGLKPGTEYTVSIY
GVHNVYKDTNMRGLPLSAEFTT
134 {PRT  jArtificial [P53A1RS-17v2 with mipapkniwsevtedsariswadphgfydsfliqygesekvgeaivitvpgser
Met syditglkpgteyivsivgvhnvykdinmrginlsaifit
135 PRT  iArtificial |P54AR4-83v22 with mipagknivsevtedsariswddpwalyesiligygesekvgeaiviivpgse
Met rsyditgikpgieyivsivgvhnuykdtnirgiplsaiftt
138 {PRT  iArtificial {PS4AR4-83v23 with mipapknhasevtedsariswddphafyesfligyqesekvgeaivitvpgser
Met svditgliipgteytvsivgvhnvykdinivgiplsaifit
137 |PRT  (Artificial [PE2A1IRS-17v22 with  |mipapkniwsevtedsariswadphgfydsfliqgyqesekvgesivitvpgsaer
Met syditplkpgteyivsivgvhnvykdinirgiplssiftt
138 |PRT  iAstificial {ECB1 without Met LPAPKNLVVSEVTEDSARLIWDDPWAFYESFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNMRGLPLSAIFTYTGGGGSGEGESGEEE
SGGGESMLPAPKNLVVSRVTEDSARLSWTAPDAAF
OSFWIRYDEVWVGCEAIVLTVPGSERSYDLTGLKPG
TEYYVNILGVKGGSISVRLSAIFTT
130 |PRT  {Artificial {ECB2 without Mst LPARPKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAVLTVPGSERSYDLTGLKPGTEYTVEIVEG
VHNVYKDTNMRGLPLSAIFTTGGGGESGEGEEEEEEE
SGEGGSLPAPKNLVWWERVTEDSARLSWTAPDAAFD
SFWIRYFEFLGSGEAIVLTVPGSERSYDLTGLKPGT
EYVWNIMGVKGEKISPPLSAIFTT
140 |PRT  iArtificial [ECB3 without Met {LPAPKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIVG
VHNVYKDTRNMRGLPLSAIFTTGGEGSGGEESEGGE6
SGEGGSMLPARPKNLVVYSRVTEDSARLSWTAPDAAF
DSFWIRYFEFLGSGEAIVLTVPGSERSYDLTGLKPG
TEVWVWQUGVKGGHISLPLSAIFTT
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141 [PRT  iArtificial [ECB4 without Met  [LPAPKNLVVSEVTEDSARLSWDDPFWAFYESFLIQYQ
ESEKVOEAIVETVPGSERSYDLTGLKPGTEYTVSIVG
VHNVYKDTNMRGLPLSAIFTTCGGGSGEGGSGEEE
SCGGEEMLPAPKNLYVERVTEDSARLSWTAPDAAF
DEFFIRYDEFLRSGEAIVLTVPGSERSYDLTGLKPGT
EYWVTILGVKGGLVETPLSAIFTT

142 {PRT {Artificial |ECBS without Met  [LPAPKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAIVETVPGSERSYDLTGLKPGTEYTVSIYS
VHNVYKDTNMRGLPLSAIFTTGGGGSGGGEEGEEE
SCGEGGSMLPAPKNLVWSRVTEDSARLSWTAPDAAF

DOFWIRYFEFLGSGEAIVLTVPGSERSYDLTGLKPG

TEYVVNIMGVKGGKISPPLSAIFTT

143 {PRT {Artificial |ECBS withcut Met  [LPAPKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAIVETVPGSERSYDLTGLKPGTEYTVSIYS
VHNVYKDTNMRGLPLSAIFTTGGGGSGGGEEGEEE
SCGEGGSMLPAPKNLVWSRVTEDSARLSWTAPDAAF
DOFWIRYFEFLGSGEAIVLTVPGSERSYDLTGLKPG
TEYWQUIGVKGGHISLPLSAIFTT

144 {PRT iArtificial [ECB7 without Met  [LPAPKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAIVETVPGSERSYDLTGLKPGTEYTVSIYS
VHNVYKDTNMRGLPLSAIFTTGGGGSGGGEEGEEE
SCGEGGSMLPAPKNLVWSRVTEDSARLSWTAPDAAF
DOFWIRYFEFLGSGEAIVLTVPGSERSYDLTGLKPG
TEYWQUIGVKGGHISLPLSAIFTT

145 PRT  {Ardificial |ECB15 without Met {LPARPKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAIVETVPGSERSYDLTGLKPGTEYTVSIYS
VHNVYKDTNMRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWORVTEDSARLEW TAPDAAFDSFWIRYFEFLGSG
EANVLTVPGSERSYDLTGLKPGTEYVVNIMGVKGGKI
SFPLSAIFTT

146 {PRT {Ardificial |ECB27 without Met {LPARPKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAIVETVPGSERSYDLTGLKPGTEYTVSIYS
VHNVYKDTNMRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWWORVTEDSARLEW TAPDAAFDSFWIRYDEVWGG
EANVLTVPGSERSYDLTGLKPGTEY YVNILGVKGGS!
SYPLSAIFTT

147 {PRT {Artificial |ECBS0 without Met [LPAPKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAIVETVPGSERSYDLTGLKPGTEYTVSIYS
VHNVYKDTNMRGLPLSAIFTTAPAPAPARAPMLPAPK
NLVWORVTEDSARLSWTAPDAAFDSFWIRYFEFLGS
GEAIVLTVPGSERSYDLTGLKPGTEYVVNIMGVKGG

KISPPLSAIFTT

148 |PRT {Artificial |ECB37 without Met [LPAPKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLRKPGTEYTVEIYG
VHNVYKDTNMRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWWORVTEDSARLEW TAPDAAFDSFWIRYDEVWGG
EANVLTVPGSERSYDLTGLKPGTEY YVNILGVKGGS!
SYPLSAIFTT
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149 [PRT  iArtificial [ECBS4 without Met  [LPAPKNLVVSEVTEDSARLSWDDFWAFYESFLIQYQ
ESEKVOEAIVETVPGSERSYDLTGLKPGTEYTVSIVG
VHNVYKDTNIRGLPLSAIFTTAPAPARPAPARLPAPKNL
VVSRVTEDSARLEWTAPDAAFDSFWIRYFEFLGSGE
AIVLTVPGSERSYDLTGLKPGTEYVWNILGVKGGKIS
PPLSAIFTT

150 {PRY  iArtificial |ECBYS without Met [LPAPKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNIRGLPLSAIFTTAPAPAPAPAFRLPAPKNL
VVSRVTEDSARLSWTAPDAAFDSFWIRYFEFVGESG
EANVLTVPGSERSYDLTGLRPGTEYVVYNILGYKGGSE
SPPLSAIFTT

151 {PRT  {Ardificial |ECBO8 without Met {LPARPKNLVWWSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLRKPGTEYTVEIYG
VHNVYKDTNIRGLPLEAIFTTAPAPAPAPAPLPAPKNL
VVERVTEDSARLSWTAPDAAFDSFWIRYFEFVSKGD
AIVETVPGSERSYDLTGLKPGTEYVWNILGVKGGSIS
PPLSAIFTT

3
3]
[R%]

PRT  jArtificial |ECBS7 without Met  [LPAPKNLVWWSEVTEDSARLEWDDPWAFYESFLIQYQ
ESERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIVG

VHNVYKDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKNL

WWERVTEDSARLSWTAPDAAFDSFWIRYFEFLGSGE
AIVETVPCSERSYDLTGLKPGTEYVWNILSVKGGSISP
PLEAIFTT

153 {PRT  jAvtificial [ECR108 without Met [LPAPKNLVVSEVTEDSARLEWDDPHAFYESFLIQYQ
ESEKVGEAIVETVPGSERSYDLTGLKPGTEYTVSIVG
VHNVYKDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKNL
VVSRVTEDSARLEW TAPDAAFDSFWIRYFEFLGSGE
AVETVPGSERSYDLTGLKPGTEYWWNILGVKGGKIS
PPLSAIFTT

154 |PRT  iArtificial [ECB107 without Met [LPAPKNLVVSEVTEDSARLSWDDPHAFYESFLIQYQ
ESEXKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNIRGLPLSAIFTTAPAPARPAPARLPAPKNL
VVSRVTEDSARLEWTAPDAAFDSFWIRYFEFVGSG
EAIVLTVPGSERSYDLTGLKPCTEYVWNILGYKGGSE
SPPLSAIFTT

158 PRT  iArtificial |ECB108 withoul Met {LPAPKNLVVSEVTEDSARLSWDDPHAFYESFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKNL
VVSRVTEDSARLSWTAPDAAFDSFWIRYFEFVSKGD
AVLTVPGSERSYDLTGLKPGTEYVVNILGVKGGSIS
PRPLSAIFTT

156 |PRT  {Artificial |ECB109 without Met {LPAPKNLVWSEVTEDSARLSWDDPHAFYESFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLRKPGTEYTVEIYG
VHNVYKDTNIRGLPLEAIFTTAPAPAPAPAPLPAPKNL
YWERVTEDSARLSWTAPDAAFDSFWIRYFEFLGSGE
AIVETVPGSERSYDLTGLKPGTEYVVNILSVKGGESISP
PLSAIFTT

10S



WO 2014/081944 PCT/US2013/071267

157 PRT  iArtificial [ECB118 without Met [LPAPKNLVVSEVTEDSARLSWADPHGFYDSFLIQYQ
ESEKVOEAIVETVPGSERSYDLTGLKPGTEYTVSIVG
VHNVYKDTNIRGLPLSAIF TTAPAPARPAPAPLPAPKNL
VVSRVTEDSARLEWTAPDAAFDSFWIRYFEFLGSGE
AIVLTVPGSERSYDLTGLKPGTEYVVNILGVKGGEKIS
PPLSAIFTT

158 [PRT  iArtificial |ECB119 without Met [LPAPKNLVVSEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNIRGLPLSAIFTTAPAPAPAPAFRLPAPKNL
VVSRVTEDSARLSWTAPDAAFDSFWIRYFEFVGESG
EANVLTVPGSERSYDLTGLRPGTEYVVYNILGYKGGSE
SPPLSAIFTT

158 |PRT iArtificial {ECB120 withoul Met {LPAPKNLVVEEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAIVETVPGSERSYDLTGLKPGTEYTVSIYS
VHNVYKDTNIRGLPLEAIFTTAPAPAPAPAPLPAPKNL
VVERVTEDSARLSWTAPDAAFDSFWIRYFEFVSKGD
AIVETVPGSERSYDLTGLKPGTEYVWNILGVKGGSIS
PPLSAIFTT

1680 PRT  jArtificial |ECB121 without Met [LPAPKNLVVSEVTEDSARLSWADPHGFYDSFLIQYQ

ESERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIVG

VHNVYKDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKNL

WWERVTEDSARLSWTAPDAAFDSFWIRYFEFLGSGE
AIVETVRPGSERSYDLTGLKPGTEYVVNILSVKGGESISP
PLEAIFTT

181 {PRT  iArtificial |ECBS1 without Met ipapknivvseviedsarswddpwafyesfligyvgesekvgeaivitvpgsers
vditglkpgieytvsivgvhnvykdinirginlsaiftiapapapapapl PAPK

NIVVSRVTEDSARLSWTAFDAAFDSFWIRYFEFLGSGEAINLTYR
GSERSYDETGLEPGTEYV YN SVKGGSISPPLSAIFTT

162 [PRT  iArtificial [ECB18 without Met  {ipapknivvseviadsarlswddpwaiyesiligygesekvgeaivitvp
gsersyditgkogieytvsiygvhnvykdinmralplsaifitapapapap
apipapknivvsrviedsanswiapdaafdsiwirydevvvogeaivity
pgsersyditglipaleyyvniigvkgasisvpisaiftiapapapapapla
egkvianreldkygvsdyykniinnakivegvkalideilaalp

163 |PRT  jArtificial |ECB28 without Met  lipapknivvseviedsariswadphgfydsiliigyqesekvgeaivitvpg
sersyditgitpgteyivsivgvhnvykdtnmrgipisaifttapapapapa
plpagknivvsrvtedsardswiagdaaidsfwirydevvvggeaivitvp
gsersyditgkpgteyyvnilgvkggsisvplsaifttapapagapapiae
akvianreldkygvesdyykniinnaktvegvkalldeliaalp

164 |PRT  iArdificial |ECB38 without Met  {ipapknivvsevtedsariswddpwatyesfligygesekvgeaivitvp
gsersyditglkpgtevivsivaovhnvykdtnmiglplsaifttapapapap
apipapknivvsrviedsariswizpdaafdsfwinyfefigsgeaivitvp
gsersyditgkpgteyvvnimgvkggkisppisaifttapapapapapla
sakvianreldkygvsdyykniinnaktvegvkalideiiaalp
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Ipapknivvseviedsariswadphgfydstliigyaesekvgeaivitvpy
sersydifgkpgteytvsivgvhnvykdinmrgiplsaifttapapagapa
pipapknivvsrviedsariswiapdaaldsfwirylefigsgeaivitvpg

sersyditgkpgteyvvnimgvkggkispplsaitttapapapapaplae
akvianreldkygvsdyyinlinnaktvagvkalideiiaalp

ttgecagegecgaagaaceiggtagtiagegaggttactgaggacage

gogegictgagetggaacgatcegigggegitciacgagagetifctgat

ccagiaicaagagagegagaaagicggigaagegatigigeigacegt
cocgggctcegagegiicctacgacctgaceagittgaagecgggiace
gagtatacggigageatciacogigticacaatyictataaggacaciaa
tatccgegnicigocicigagoesccaitiicaccacegeacegacacoy
goteeqactecigeccogetgocggeiccgaagaactiggigatgagec
gtgitaccgaagatagegeacgectgageiggacgacaccagaiacyg

gegttegatagetictgaaticgatatitigagtiictgogiageggigagye

aatigticigacgstgecgngcteigaacgctoctacgatitgaceggict

gaaacogggeaccgagtaigigaioaacaticigagegtiaangegst
agcalcagoccaccygetigagegegaicticacgactggiggiiae

cigecagecectaagaatctgategigagegaagiaaccgaggacag
cgeocgecigageigggacgaccegigggegtiictatgagictiicctga
Hicaglatcaagaaacnpaaaagitggcgaageyaicgiocigacey
ioocggstagogagoycicolacaateigaceggecigraacegngta
cggagtacacagtgtecatitacqgigticacaatgigtalasagacace
aacatgegiggecigecgetgteggegatiticaccacegegectgege
cagegecigeaccyaciccgoigiceygeaccgaagaaccipgiigica
gocgtgigaccgaggatagegeacstitgagaiggacegetcongaty
cageoitigacagotictogaticgttacttigaatticigogtagegoigag
gegategitctgacggigecgaactcicaacgeadctaigatitgacgyg
cotgaagecaggtacigagiacgiggitaacaicatgagegtiasgagty
giaaaatcagcoecgacatigicegegaicttiacoacy

Hgocagoegecgaagaacoiggtagitagegaggtiactgaggacage

gogegictgagetggaacgatcegigggegitciacgagagetifctgat

ccagisicaagagagegagaaagicggigaagegatigtgeigacegt
cocgggctcegagegiicctacgacctgaceagittgaagecgggiace
gagtatacggigageatciacogigticacaatyictataaggacaciaa
tatccgegyicigocicigagogccaititcaccace

clgecageccotaanaatetgstegtgagegaagtaaccgaggacad
cgeocgecigagelgggacgaccegioggegiictatgantctticetga
Hicaglatcaagaaagegaaaaagitggegaagegaicgtecigaceyg
tceogggtagegagegeicctacgsictgaceggectgaascogggia
cagagtacacgoigtecatitacgaiaiicacaatgtgiataaagacace
aacatgegiggecigecgoigicanegatiticaccace

MLPAPKNLVWSEVTEDSARLEWDDPWAFYESFLIQY
QESEXKVGEAVLTVPGSERSYDLTGLKPGTEYTVIIY
GVHNVYKDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWORVTEDSARLSWTAPDAAFDSFWIRYFEFLGSG
EANVLTVPGSERSYDLTGLKPGTEYVVNIL GVKGGK]
SPPLSAIFTTC

165 {PRT  |Artificial {ECBR% without Met

186 {DNA  |Artificial {ECBO7 without Met

167 {DNA  |Artificial {ECB1S withoui Met

1688  {DNA  Artificial |>EGFR part ECBS7;
P545R4-83v22
without met

169 {DNA  |Ariificial [>EGFR part ECB15;
P54AR4-83v2
without Met

170 {PRY tificial [ECBES4 with C-ter
cysieine

171 {PRY tificial [ECBS5 with C-ter
cysieine

MLPAPKNLVWSEVTEDSARLEWDDPWAFYESFLIQY
QESEXKVGEAVLTVPGSERSYDLTGLKPGTEYTVIIY
GVHNVYKDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWORVTEDSARLSWTAPDAAFDSFWIRYFEFVGSG
EANVLTVPGSERSYDLTGLKPGTEYVVNIL GVKGGSI
SPPLSAIFTTC
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BRT

Artificial

ECRYE6 with C-ter
cysteine

MLPAPKNLVWSEVTEDSARLSWDDPWAFYESFLIQY
QESEKVGEAIVLTVPCSERSYDLTGLKPGTEYTVSIY
GVHNVYKDTNIRGLPLSAIFTTAPAPAPAPARPLPAPKN
LVWERVTEDSARLSW TAPDAAFDSFWIRYFEFVSKG
DAIVLTVPGSERSYDLTGLKPCTEYVVNILGVKGGES!
SPPLSAIFTTC

173 |PRY

Artificial

ECBSY with C-ler
cysteine

MLPAPKNLVVSEVTEDSARLSWDDPWAFYESFLIQY
QESEKVGEAIVLTVPGSERSYDLTGLKPGTEYTVEY

CVHNVYKDTNIRGLPLSAIFTTARPAPAPAPAPLPAPKN
LVWERVTEDSARLSW TAPDAAFDSFWIRYFEFLGSG
EAIVLTVPGSERSYDLTGLKPGTEYVWNILSVKGGSIS
PPLSAIFTTC

PRY

Artificial

ECE106 with C-ter
cysteine

MLPAPKNLVVSEVTEDSARLSWDDPHAFYESFLIQY
QESERKVGEANVLTVPGSERSYDLTGLKPGTEYTVSIY
GVHNVYKDTNIRGLPLSAIFTTAFAPAPAPAPLPAPKN
LVWERVTEDSARLSWTAPDAAFDSFWIRYFEFLGSG
EAIVETVPGSERSYDLTGLKPGTEYVWNILGVKGGKE
SPPLSAIFTTIC

PRT

Artificial

ECB107 with C-er
cysieine

MLPAPKNLVVSEVTEDSARLSWDDPHAFYESFLIQY
QESERKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIY
GVHNVYKDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWORVTEDSARLSWTAPDAAFDSFWIRYFEFVGSSG
EANVLTVPGSERSYDLTGLKPGTEYVVNILGVKGGSE
SPPLSAIFTTC

PRT

Artificial

ECB108 with C-er
cysieine

MLPAPKNLVWSEVTEDSARLEWDDPHAFYESFLIQY
QESEKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSHY
GVHENVYKDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWERVTEDSARLSWTAPDAAFDSFWIRYFEFVSKG
DANVLTVPGSERSYDLTGLKPGTEYVVNILGVKGGSI
SPPLSAIFTIC

BRT

Artificial

ECR10Y with C-ter
cysieine

MLPAPKNLVWSEVTEDSARLSWDDPHAFYESFLIQY

QESEKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIY

GVHNVYKDTNIRGLPLSAIFTTAPAPAPAPARPLPAPKN
LVWERVTEDSARLSW TAPDAAFDSFWIRYFEFLGSG
EAIVLTVPGSERSYDLTGLKPCTEYVVNILSVKGGSIS
PPLSAIFTTC

*
-~
[o5]
"
A
...‘

Artificial

ECBS1 with Cter
cysteine

mipapkniwsevtedsariswddpwafyesfligyqesekvgaaivitvpgsa
rsyditgikpgieytvsivgvhnvykdtnirginisaiftiapapapapaplPAP
KNLVVSRYTEDSARLSWTAPDAAFDSFWIRYFEFLGSGEAVITY
PGSERSYDLTGLKPGTEYVYNILSVKGGSISPRPLSAIFTTC

>SEQ 1D NO: 179

PRT
Artificial

An FQG loop of EGFR binding FN3 domain

112




WO 2014/081944 PCT/US2013/071267

HNVYKDTNXRGL;

wherein Xois M or |

>SEQ 1 NO: 180

PRT

Artificial

A FG loop of EGFR binding FN3 domain
LGSYVFEHDVML (SEQ ID NO: 1803,

=R8EQ 1D NO: 181

PRT

Artificial

a BC loop of EGFR binding FN3 domain

KXo KXy Ks X oKX (SEQ TD NO: 181), wherein

X 8A, T, Gor Dy
XA, D YorW;
X;is P, Dor N;
X, is L or absent;
XD HRG YoaW,;
Xsis G, Dor A;
Xsis A F, G, Hor D; and
XzisY,ForL.

>SEQ 1D NO: 182

PRT

Artificial

EGFR binding FN3 domain

LPAPKNLVVSEVTEDSLRLSWX XXX K XX XDSFLIQYQESEKVGEAINLTVE
GSERSYDLTGLKPGTEYTVSIVOGVHNVYKDTNXRGLPLSAEFTT (SEQ 1D NG:

XA T Gor Ik
X ALY or W
X3P, Dor N;
X418 L oor absent;
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NisDHRG YW,
Xeis G, Bor A
X;5A,F, G Hor I3
Xgis Y, ForL;and
XowisMorl

>SEQ D NO: 183
PRT
Artificial
EGFR binding FN3 domain
LPAPKNLVVSEVTEDSLRLSWX XXX XX KX DASFLIQYQESERVGEAINLTVP
GSERSYDLTGLKPGTEYTVSIYGVLGSYVFEHDVMLPLSAEFTT (SEQ ID NOn
1833,
wherein
XA, T, Gor I}
X A DY or W
X1 P, Dor N
X, 18 L or absent;
Xes D H R G Yor W,
His G, DBor A;
Xys A F, G, Hor Iy and
Xgis Y, ForL.

>SEQ ID NG: 184
PRT
Anrtificial
A C-met binding FN3 domain C strand and & CD loop seguence
DSEXIRY X E X X3 X 04X 56X 6 (SEQ [D NO: 184}, wherein
Xppis W, For V;
XpisD, Fork;
XpisV, Fork;
XV, Lor T
Xuis VR G L Tor §;
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X518 G, S, A, Tor K; and

XisisEor I3 and

>SEQ D NO: 185
PRT
Artificial
A c-Met binding FN3 domain F strand and a FG loop
TEY X, VX 5% 10Xa0V KGGX, X008, (SEQ ID NO: 185), wherein
Xnis Y, W, L V. Gor A;
XugisMN, T, Qor G;
XpisL, M, Nork;
XnisGors;
X188, LG, Y, T, R HorK;
Xppisl, Vork:and

XV, TLHLP York.

SREQ D NG: 186
PRT
Artificial
g c-Met binding FN3 domain
LPAPKNLEVVSRVTEDSARLSWTAPDAAF DSFX GIRYX | E XX X 14X 56X s
ANVETVPGSERSYDLTGLKPGTEY X7 VX sIX 16X VK GGX 0 X 8X 0 PLSAEBFTT
(SEQ 1D NO: 1886},
wherein
Xipis W, ForV; and
Xpisy Forkg
XpisV, Fork
XpisV,Lor T,
XuisV,R, G L, Tor s
X518 G, S, A Tor K,
XpgisEory
Xpis Y, W LV, Gor A;
XegisN, T,Qor G;
Xwiskh, M, Norl;
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XypisGorS;

XS, LG Y, T, R, HorK;
Xpis, Vork;and

XV, T,H,LP, YorL.

>SEQ D NO; 187

PRT

Artificial

EGFR FN3 domain of a hispecific EGFR/c-Met FN3 domain containing molecule

LPAPKNLVVEX VT X D8 X o RLSWDDP X AFY X SFLIQY QX SEKVGEATIX LT
PGSERSYDLTGLEPGTEYTVSIV X, VENVYKDTNX G RGUPLSAXFTT (SEQ ID

NO: 187}, wherein

XuisE, NorR;

XpisEor B

XypisLoor A;

XyisHor W

XxisEor iy

XpisEorP;

XpisNorV,

XnisGorY,;

X isMorl and

XpisEorl;

>SEQ 1D NO: 188

c-Met FN3 domain of a bispecific EGFR/c-Met FN3 domain containing molecule
LPAPKNLVYVSXuVTXsDSX:RUSWTAPDAAFDSEWIRYFX S F X K0 KaoGXa AT X 42
LTVPGSERSYDLTGLEPGTEY VVNIX X VKOGGXISPPLSANFTT (SEQ ID NO:
188}; wherein

XuisE, NorR;

XssisEor P

XssisLor A;

XsrisEor Py

XspisVork;

X;;g isGor S.
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Kygis Sor K
XpwsEorD;
XpisNorV;
XyisLor M;
XyisGorS;
XKysis S or K and
XpgisEor L

>SEQ ID NO: 189

HSA variant (348
DAHKSEVAHRFEDLGEENFKALVLIAFAQYLOQQSPFEDHVKLVNEVTEFA
KTCVADESAENCDKSLHTLFGDELOTVATLRETYGEMADCCARGEPERN
ECFLOHKDONPNLPRUVRPEVDVMUTAFHDNEETFLEKYLYFEIARRHPYF
YAPELIFFAKRYKAAFTECCQAADKAACLLPKIDELRDEGRASSAKQRLK
CASLOKFGERAFRKAWAVARLSQRFPKAFFARVEKLVTDUTKVHTECCHG
GLLECADDRADLAKYHUENQDSISSRLKECCEKPLLEKSHCIAEVENDEMP
ADLPSLAADFVESKDVURNYAEAKDVFLGMPFLYEYARRHPOYSVVLLLR
LAKTYETTLEKCCAAADPHECY AKVFDEFRKPLVEEPONLIKQNCELFEQLG
EYKFONALLVRYTKKVPOVSTPTLYEVSENLGKVGSKCCRKHPEARRMPC
AEDYLSVVENQLOVLHEKTPVEDRVTROCTESLVYVNRRPUFSALEVRETYY
PEKEFNAETFTFHADICTLSEKERQGIKKQTALVELVEHKPKATKEGLKAVM
DOFAARVEKCCKADDRETCFAREGKKLVAARQAALGL

>SEQ ID NO: 190

ECB168

MLPAPKNLVVSEVTEDSARLSWDDPWAFYESFLIOYOESER VEEAIVLTVP
OSERSYDLTOLEPOTEVTVSIVOVHENVY KD TNIRGLPLSATETTAPAFAPAP
APLPAPENLVVSRVTEDSARLSWTAPDAAFDSFWIRY FEFLOSGEAIVLTY

PGSERSYDLTGLKPOTEY VYNILSVKGOSISPPLSATFTT
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SRECG D NG: 191
ECBISE without Met

LPAPKNLVVSEVTEDSARLSWDDPWAFYESFLIQYQESEKVGEAIVLTVPG
SERSYDLTGLRKPGTEY TVSIVOVHRNY VKD TNIRGLPLSAIFTTAPAPAPAFA
PLPAPKNLIVVSRVTEDSARLSWTAPDAAFDSFWIRYFEFLGRGEAIVLTVP
GRERSYDLTGLKPGTEY VVMNILSVRKGGSISPPLSAIRTT

=192
ECB no name last in the hist 17v2-C3v2

mLpapknlvvsevtedsariswadphgtvdstligyqesckvgeaivitvpgsersydltglkpgtevtvsiygvh
nvykdtnmrgiplsaifitapapapapap
LPAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYFEFLGSGEAIVETVPG
SERSYDLTGLKPGTEYVVNILSVKGUGSISPPLSATIFTT

>i93
ECB no name without met last in the list 17v2-C5v2

Lpapknlvvseviedsarlswadphgfydsfliqyqesckvgeaivitvpgsersydltghkpgtoytvsiygvhn
vykdinmrglplsaifitapapapapap
LPAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYFEFLGSGEAIVLTVPG
SERSYDLTGLKPGTEYVVNILSVEGGSISPPLSAIFTT

>8EQ D NO: 194

83v2 D2ZA
Lpapknlvvsevtedsarlswadpwafvesfligvgesckvgeaivitvpgsersydltglkpgtevtvsivgvhn
vykdtnmrglplsaifit

>SEQ D NO: 195

>83vZ D23A
Lpapknlvvseviedsarlswdapwafyestliqygesckvgeaivitvpgsersydligtkpgteyivsiygvhn
vykdtnmrglplsaiftt

>SEQ 1D NO: 196

>§3v2 P24A
Lpapknivvsevicdsariswddawafyesfligygesckvgeaivitvpgsersydhiglkpgteytvsiygvbua
vykdtnmrglpisaiftt
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>SEQ 1D NO: 197

>83v2 W25A
Lpapknivvsevicdsariswddpaatyesfligyqesekvgeaivitvpgsersvdliglkpgtevtvsiygvhn
vykdinmrglplsaiftt

>SEQ ID NQ: 198

>83v2 F27A
Lpapknivvsevtedsariswddpwaayesthgyqesekvgeaivitvpgsersydhiglkpgteytvsiygvhn
vykdtnmrglpisaiftt

>SEQ ID NO: 199

>43v2 YZ8A
Lpapknivvsevtedsarlswddpwafaesfligyqesekvgeaivitvpgsersydhiglkpgteytvsiygvhn
vykdtnmrglplsaiftt

SSEQ 1D NO:200

>83v2 H75A
Lpapknlvvseviedsarlswddpwatyestligygesekvgeaivitvpgsersydliglkpgteytvsivgvan
vykdtnmirglpisaiftt

>SEQ 1D NO: 201

>83v2 N76A
Lpapknlvvsevtedsarlswddpwatyesfligygesckvgeaivitvpgsersydliglkpgteytvsiygvha
vykdtnmrgipisaifit

>SEQ 1D NO: 202

>B3IVZ VT77a
Lpapknlvvsevtedsarlswddpwatyesfligygesekvgeatvitvpgsersyditglkpgteytvsiygvhn
aykditonrglplsaifit

>8EQ 1D NO: 203

>83vZ Y78A
Lpapknivvsevtedsarlswddpwatyesfliqygesekvgeatvitvpgsersyditglkpgteytvsiygvhn
vakdtnmrglplsaiftt

>SEQ 1D NG: 204

>83vZ K79A
Lpapknivvseviedsarlswddpwatyesfliqygesekvgeaivitvpgsersyditglkpgteytvsivgvhn
vyadtnmrglhplsaifit

>SEQ 1D NO: 205

>§3v2 DSOA
Lpapknivvsevicdsariswddpwafyesfligyqesckvgeaivitvpgsersyditglkpatevivsivgvhn
vykatnmrglplsaifit

>SEQ ID NO: 206
>83v2 M83A
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Lpapknlvvseviedsarlswddpwafyesfligygesckvgeaivitvpgsersyditglkpgteytvsivgvim
vykdtnarglplsaiftt

>SEQ ID NO: 207

>%3v2 R84A
Lpapknlvvseviedsarlswddpwafyestligyqesckvgeaivitvpgsersydliglkpgteytvsivgvhn
vykdtnmaglplsaifit

SSEQ 1D NO: 208

>83v2 GBSA
Lpapknlvvseviedsarlswddpwafyesfliqyqesekvgeaivitvpgsersydltglkpgteytvsiygvhn
vykdinmralplsaifit

>SEQ 1D NO: 209

>83v2 LEOA
Lpapknlvvsevtedsariswddpwafyesfliqgygesekvgeaivitvpgsersyditglkpgieyvivsivavin
vykdinmrgaplsaiftt

>SEQ 1D NO: 210

>83v2 TRIA
Lpapknlvvsevtedsariswddpwafyesfligygesekvgeatvitvpgsersydliglkpgteytvsivgvhn
vykdanmrgipisaifit

>SEQ D NO: 211

>B3v2 NRZA
Lpapknlvvsevtedsarlswddpwatvesfligygesekvgeatvitvpgsersydiiglkpgteytvsiygvhn
vykdtamrglplsaifit

SEQ D NO: 212

>KT748
papknlvvsrvtedsariswiapdaafdsfwiryfefigsgeaivitvpgsersyditgikpgteyvvnimgvkgg
Sispplsaiftt

SEQ D NO: 213

>G408
papkndvvsrvtedsariswiapdaafdsfwiryiefiSsgeaivitvpgsersyditglkpgteyvvnimgvkgg
kispplsaifit
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SEQ ID NO: 214

>L398
papknlvvsrvtedsariswtapdaatdsfviryfefSgsgeaivlitvpgsersydliglkpgteyvvnimgvkg
gkispplsaiftt

SEQ ID NO: 215

>V68S
ipapknlvvsrvtedsarlswiapdaafdsfwirvieflgsgeaivitvpgsersvditglkpgtevSvnimgvkeg
kispplsaiftt

SEQ I NO: 216

>N705
ipapknlvvsrvtedsariswtapdaafdsfwiryictigsgeaivitvpgsersyditglkpgteyvvSimgvkeg
kispplsaiftt

SEQ ID NO: 217

>PRiIS
papknlvvsrvtedsariswtapdaatdsfviryfetigsgeaivitvpgsersydlighipgteyvvnimgvkgg
kisSplsaifit

SEQ ID NO: 218

>F36S
IpapkalvvsrvtedsariswtapdaafdsfwiryScfigsgeaiviivpgsersydltglkpgteyvvnimgvkeg
kispplsaiftt

SEQ ID NO: 219

>W32Z8
ipapkndvvsrvicdsariswiapdaafdsfSirvicfigsgeaivitvpgsersyditglkpgieyvvnimgvkgg
kispplsaifit

SEQ ID NO: 220

>M728
IpapknivvsrviedsariswtapdaafdsfviryfetigsgeaivitvpgsersyditglkpgteyvvniSgvkegg
kispplsaifit

SEQ ID NO: 221
>R34S
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IpapknlvvsrvtedsariswiapdaafdsfwiSyfefigsgesivitvpgsersydhiglkpgteyvvnimgvkgg
kispplsaiftt

SEQ D NG: 222

>F388
IpapknlvvsrvtedsarlswiapdaafdsfwirytfeSlgsgeaivitvpgsersydiiglkpgteyvvnimgvkgg
kispplsaiftt

SEQ D NO: 223

>E7498
ipapknlvvsrvtedsarlswtapdaafdsfwiryictigsgeaivitvpgsersyditgikpgteyvvnimgvkgg
kSspplsaiftt

SEQ D NO: 224
PRT

Artificial

Linker
GGGGSGGGGS
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CLAIMS
1 An isolated bispecific FN3 domain containing molecule

comprising a first fibronectin type 1II (FN3) domain and a second FN3 domain, wherein the first
FN3 domain specifically binds epidermal growth factor receptor (EGFR) and blocks binding of
epidermal growth factor (EGF) to EGFR, and the second FN3 domain specifically binds
hepatocyte growth factor receptor (c-Met), and blocks binding of hepatocvte growth factor (HGF)
to c-Met, wherein the molecule comprises the amino acid sequence shown in SEQ ID NO: 190 or
191.

2) The bispecific molecule of claim 1, wherein the first FN3
domain has one or more of the propertiesin a) through d)

a) the first FN3 domain inhibits EGF-induced EGFR phosphorylation at EGFR residue
Tyrosine 1173 with an ICs; value of less than about 2.5 x 10 M when measured in A431
cells using 50 ng/mL human EGF, and the second FN3 domain inhibits HGF- induced c-Met
phosphorylation at c-Met residue Tyrosine 1349 with an 1Cs, value of less than about 1.5 x
10° M when measured in NCI-H441 cells using 100 ng/mL human HGF;

b) the first FN3 domain inhibits EGF-induced EGFR phosphorylation at EGFR residue
Tyrosine 1173 with an ICs, value between about 1.8 x 10®* M and about 2.5 x 10° M when
measured in A431 cells using 50 ng/mL human EGF, and the second FN3 domain inhibits
HGF- induced c-Met phosphorylation at ¢-Met residue Tyrosine 1349 with an ICs, value
between about 4 x 10 M and about 1.5 x 10° M when measured in NCI-H441 cells using
100 ng/mL human HGF;

¢) the first FN3 domain binds human EGFR with a dissociation constant (Kp) of less
than about 1x10™® M. and the second FN3 domain binds human c-Met with a K of less than
about 5 x10°®* M, wherein the K, is measured using surface plasmon resonance using a
ProteOn XPR-36 instrument with a flow rate of 100 pL/min in PBS containing 0.005%
Tween-20: or

d) the first FN3 domain binds human EGFR with a Ky, of between about 2x10™ to about
1x10™ M, and the second FN3 domain binds human c-Met with a K;, of between about 3x10°
"% {0 about 5 x10® M, wherein the Ky is measured using surface plasmon resonance using a
ProteOn XPR-36 instrument with a flow rate of 100 pL/min in PBS containing 0.005%

Tween-20.
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3) The bispecific molecule of claim 1, wherein the bispecific molecule
inhibits NCI-H292 cell proliferation with an ICs, value that is at Icast 30-fold less when compared
to the ICsp value of inhibition of NCI-H292 cell growth with a mixture of the first FN3 domain
and the second FN3 domain, wherein the cell proliferation is induced with 10% FBS containing
7.5 ng/mL HGF.
4 The bispecific molecule of claim 1, wherein the
bispecific molecule has one or more of the propertiesin a) through €):
a) inhibits EGF-induced EGFR phosphorylation at EGFR residue Tyrosine 1173 with an
ICs value of less than about 8x107 M when measured in NCI-H292 cells using 50 ng/mL
human EGF;
b) inhibits HGF-induced c¢-Met phosphorylation at c-Met residue Tyrosine 1349 with an
ICs; value of less than about 8.4x107 M when measured in NCI-H441 cells using 100 ng/mL
human HGF;
¢) inhibits HGF-induced NCI-H292 cell proliferation with an ICs; value of less than
about 9.5x10° M, wherein the cell proliferation is induced with 10% FBS containing 7.5 ng
HGF;
d) binds EGFR with a Kp of less than about 2.0x10% M; or
¢) binds c-Met with a Ky of less than about 2.0x1 0 M, wherein the K is measured
using surface plasmon resonance using a ProteOn XPR-36 instrument with a flow rate of 100
uL/min in PBS containing 0.005% Tween-20.

5) The bispecific molecule of claim 1, further comprising a

cysteine linked to the C-terminus of the molecule.
6) The bispecific molecule of claim 1 coupled to a half-life extending moiety.
7) The bispecific molecule of clam 6, wherein the half-life

extending moiety is selected from the group consisting of an albumin binding molecule, a
polyethylene glygol (PEG), an albumin, an albumin variant, and at least a portion of an Fc¢
region of an immunoglobulin.

8) The bispecific molecule of claim 7, wherein the half-life extending
moiety is the albumin variant of SEQ 1D NO: 189.

9) A pharmaceutical composition comprising the bispecific molecule of

claim 1 and a pharmaceutically acceptable carrier.
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