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BISPECIFIC EGFR/e-Met ANTIBOBIES

FIELD OF THE INVENTION
The present mvenlion relates to bispecific EGFR/c-Met antibodies and methods of

making and using the molesiles.

BACKGROUND OF THE INVENTION
Epidermal growth factor receptor (EGFR, ErbBlor HERD)isa Type ]

fransmembrane glycoprotem of 170 kDa that is encoded by the ¢-erbBi proto-oncogene
EGFR is a membey of the human epidermal growth factor receptor (HER) family of

recoptor tyrosing kinases (RTK) which includes HER2 (ErbB2), HER3 (ErbB3) and HER4
(ErbB4). BEGFR signaling is initiated by ligand binding followed by induction of
conformational change, homodimerization or heterodimuerization of the receptor with other
ErbB farntdy roembers, and trans-auiophosphorvlation of the receptor {Ferguson ef al,
Aunnu Rev Biophys, 37: 353.73, 2008}, which initiates signal ransduction cascades that
plizmately affect a wide variety of cellular functions, inclhuding cell proliferation and
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survival. Increases in expression or kinase activity of EGFR have been hnked with &
range of human cancers, makmg EGPR an attractive target for therapoutic mtervention
{(Mendelsohn ef al., Oncogene 19: 6350-6565, 2000; Grinwald ef ol § Matl Cancer Inst
§5: 851-67, 2003; Mendelsohn of ¢/, Senin Oncol 331 368-83, 2006). Increases in both
the EGFR gene copy mumber and protein expression have been associated with favorable
responses to the EGFR tyrosine kinase inhibitor, IRESSA™ {gefitinib}, in non-small cell

tung cancer (Hirsch ef al., Ann Oneol 18:752-60, 2007),
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EGFER therapies include both small molecules and anti-EGFR antibodies,
approved for treatment of colorectal cancer, pancreatic cancer, head and neck cancer, and
non-gmall ceil lungz cancer (NSCLC) (Baselga and Arteaga, J Clin Oncol 23:2445-2459
(20003; Gill et ¢/, J Biol Chom, 259:7755-7760, 1984; Goldstein ef o, Clin Cancer Res,

1:131 1-] 1995; Prowsett ef af., Clin Cancer Res, 4:2957-2966,1998).

Efficacy of anti-EGFR therapics may depend on tumor type and EGFR mulation/
amplification statws in the fumor. Side effects of current thevapsutics may nclade skin
toxicity (Do Roock ef o/, Lancet Oncal 11 :753-762, 2010; Linardou ef o, MNat Rev Chin
Omneol, 6 352-366, 2009; Li and Parez-Soler, Targ Oneol 4: 107-119, 2009y, EGFR

tyrosing kinase inhibitors {TKI) are commoniy used as 2™ line therapies for non small ce
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tung cancer (MSCLC), but often stop working within twelve months due to resistance

pathways (Riely ef /., Clin Cancer Res 12: 839-44, 20063,

c-Met encodes a transmendbrans fyrosine kinase receptor. 1t was first identifiecd as a
proto~-omcozene i 1984 after it was found that treatinent with a carcinogen resulted i a
constitutively active fusion protein TPR-MET (Cooper ef o/, Nature 311:29-33, 1984).
Activation of ¢-Met by its ligand hepatocyte growth factor (HGF) stimulates a plethora of cell
processes including growth, motilily, invasion, metastasis, epithelial-mesenchymal transition,
angiogenesis/wound heabing, and tissue regeneration (Christensen er ¢f, Cancer Lett 225:1-
26, 20035; Peters and Adjet, Mat Rev Clin Oneol 9:314-26, 2012}, c-Met 1s synthesized as a
single chain protein that iz proteolytically cleaved 1nto 2 50 kDa alpha- and 140 kDa beta-
subunits that are linked by a disulphide bond (Ma ef /., Cancer and Metastasis Reviews, 22:
309-325, 2003}, ¢-Met is stucturally similar to other membrane receptors such as RON and
Sea. The exact stoichiometry of HGF:c-Met binding is unclear, but 1t is generally believed
that two HGF molecules bind to two o-Met molecules leading to receptor dimerization and
autophosphorylation at tyrosines 1230, 1234, and 1235 (5tamos ef al., The EMBO Journal

23:2325-2335, 2004). Ligand-independent o-Met autophosphorylation can also cccur due 1o

gene arppl fication, mutation or recepltor Over-¢xpression.
c-Met is Frequ ntly amplified, routated or over-expressed in wany types of cance
including gasiric, lung, colon, breast, bladder, head and neck, ovarian, prostate, thyroid,

pancreatic, and CNS canceors. Missense swtations typically localized to the kinage domain
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are connnonly found in hereditary papilary renal cell carcinoma yandin 13% 0
nly found in hereditary pay nal cell nomas {(PRCCY and in 13% of

sporadic PRCCs (Schrudt er of., Oncogene 18: 2343-2350, 1999}, ¢-Mel mutations
localized to the semaphorin or juxtamembrane domains of c-Met are frequently found in
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gastric, head and neck, liver, ovarian, NSCLC and thyroid cancers (Ma et o/, Cancer and

Metastasis Reviews, 22: 309-325, 2003; Sakakura er ¢f., Chromosomes and Cancer, 1999,
24:299-305). c-Met araplification has been detected i brain, colorectal, gastric, and fung
cancers, often correlating with disease progression {(Ma ef @/, Cancer and Metastasis
Reviews, 22: 309-325, 2003). Up 1o 4% and 20% of non-small cell long cancer (NSCLC)
and gastric cancers, respectively, exhibit o-Met anplification (Sakakura ef o/,
Chromosomes and Cancer, 1999, 24:299-305: Sicrra and Tsao, Therapeutic Advances in
Medical Ouncology, 3:521-35, 2011). Evenin the absence of gene anoplification, ¢-Met
overexpression s freguently observed 1o lung cancer (Jehimwura ef ¢f, Fpn J Cancer Res,
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B7:1063-9, 1996}, Morcover, in clinical samples, nearly half of hin

exhibited high levels of ¢-Met and HGF, both of which correlated with enthanced timor
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growth rate, metastasis and poor prognosis (Sicrra and Tsan, Therapeutic Advances

Medical Oucology, 3:321-35, 201 1; Sicglied ot al., Ann Thorac Surg 661 1915-8, 1998).

Mearly 60% of all tumors that becoras resistant to EGER tyrosios kinase inhibitors
wmergase o-Met exprossion, amplify o-Met, or increase o-Met only koown ligand, HGF
{Turke ef of., Cancer Celi, 17:77-88, 2010}, suggesting the existence of a compensatory

pathway for EGFR through o-Met. ¢-Met fmqﬂ Hcation was first idendified 1o culiured
celis that became resistant to gelitinib, an EGFR kinase inhibitor, and exhibited enhanced
survival throogh the Her3 pathway (Engelman er ¢/, Science, 316:1039-43, 2007). This
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was further validated in clinica sampl’cs where nine of 43 paiienls with acquired resistance

ed paticnts. Four of the ning treated patients also acquired the EGFR activating
mnitation, T790M, demonstrating simultaneous resistance pathways (Beat er ¢l., Proc Natl

ad Sci U 8 A, 104:20932-7, 20073,

The mndividual roles of both EGFR and ¢-Met in cancer 1s well established,
making these targets atfractive for combination therapy. Both receptors signal through the
same survival and anti-apoptotic pathways {ER¥ and AKT); thus, inhibiting the pair in
combination may liniit the potential for compensatory pathway activation therchy
aproving overall efficacy. Combination therapics targeting EGFR and ¢-Met are tested

@

mn clinical trials with Tarceva™ {erlotinib) in combination with anti-c-Met monovalent
ardibody for NSCLC (Spigel ef «f, 2011 ASCO Avrwal Mecting Procesdings 2011,
Journal of Chiuical Oncology: Chicago, L. . 7505) and Tarceva {erlotinib} in
combination with ARQ-197, a small molecule juhibitor of o-Met {Adjei ef wl.. Ouncologist,
16:7%8-99, 2011). Combination therapies or bispecific anti-EGFR/c-Met molecules have
been disclosed for example m: Intd, Pat. Publ. Nos. WOZ008/127710, WO2009/1 11691,
WO2009/126834, WO2010/039248, WO201¢/115551 and ULS. Pat. Publ. No.
USZ009/0042506

Current sypall molecule and large ronlecule therapeutic approaches to antagonize
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EGFR and/or o-Met signaling pathways for therapy may be sob-opiimal due to possible

1 3

fack of specificity, potential off-target activity and dosc-hmiting toxicity that way be
encountersd with small molecule inhibitors. Typical monospecific bivalent antibodies
may result in clustering of membrane bound receptors and unwanted activation of the
downstream signaling pathways. Monovalent antibodies having full fength heavy chains

(half arms) pose significant complexity and cost 1o the manufacturing process.
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Accordingly, the need exists for additional monospecific and bispecific EGFR
and/or o-Met inhibitors for both therapeutic and diagnostic purpose.
SUMMARY OF THE INVENTION
One erabodiment of the invention is an isolated bispecific epidennal growth factor

cceptor {(EGFRY hepatocyte growth factor receptor (¢-Met) antibady, comprising:
a {irst heavy chain (HC1Y comprising a HC constant domain 3 (HCL CH3) and a
HCI variable region 1 (VHIY;
a second heavy chain (HC2) comprising a HC2 constant domain 3 (HC2 CH3 )y and &
HC2 variable region 2 {(VH2});
a first light chamn (LC1) comprising a light chain variable region 1 (VL1); and
a sccond light chain (LC2) conmprising a light chain variable region 2 {(VL2), wherein
the VHI and the VL1 pair to form a first antigen-binding site that specifically binds
EGFR, the VH2 and the VL2 pair to form a second antigen-binding siie that
specifically binds c-Met, the HCI comprises at feast one substitution in the HC1 CH3
and the HCZ coraprises at least one substitution w the HC2 CH3, and the substiiution
w the HC CH3 and the substitution 1o the HC2Z CH3 occur at different amino acid
residue positions, when residue numbering is according to the EU index.

In other ebodiments, the inveniion provides for bispecific EGFR/c-Met

antibodics, wherein the antibody inhibits phosphorylation of extraceliuiar signal-relate

kinases 1 and 2 (ERK1/2) in NCIL-H292, NCI-HI975 or SKMES-1 cell hine with an IC4,

~
<

value that is at least about 10-fold less, at least about 20-fold less, at least about 30-fold
less, at least about 40-fold less, at least about 50-fold less or at least about 60-fold less
when compared to the ICs, value of inhibition of phosphorylation of ERK1/2 in NCI-
H292, NCI-HI1975 or SKMES-1 cell lines with a mixture of a control monovalent EGFR
antibody comprising a heavy chain 3 (HC3) and a light chain 3 (LC3} and a conirol
monovalent ¢-Met antibody comprising a heavy chain 4 {HC4) and a light chain 4 (1.C4),
wherein the HC3 and the HCH, the LC3 and the LCH, the HC4 and the HCZ, and the LC4
and the LC2 have identical amino acid sequences, respectively, wherein the

phosphorylation of ERK1/2 15 measured in whole ce

wununoassay using an anti-phosphoERK /2 antibody as a capture antibady and an

antibody binding to unphosphorylated and phosphorylated ERK /2 conjugated with at

electrochemilominescent compound as a detection antibody.
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Inother embodunents, the invention provides for bispecific BEGFR/c-Met

antibodics, wherein the antibody inhibits phogphorylation of prolein kinase B {AKT) at
Sexd73 in NCI-HI1975 cell line with an ICsg value that is ai least about 70-fuld less when

corpared to the IC 5 value of inhibition of phosphorylation of AKT at Serd73 1 NCT-
HE975 cell hne with the muxture of the control monovalent EGFR antibody comprising the
HC3 and the LC3 and the conirel monovalent ¢-Met antibody compnsing the HC4 and the
LC4, wherein the HC3 and the HC1, the LC3 and the LC1, the HC4 and the HC2, and the
LC4 and the LC2 have identical amino acid sequences, respectively, wherein the
phosphorylation of AKT at Ser473 is measured in whole cell lysates using a sandwich
Immonoassay using an antibody binding to unphosphorylated and phosphorylated AKT as
a capture antibody and an anit-phosphoAKT Serd73 antibody conjugated to an
clectrochemiluninsscent compound as a detection antibody.

In other ebodiments, the inveniton provides for bispecific EGFR/c-Met
antibodics that bind EGFR of SEQ 1D NO: 73 al EGFR residues K489, 1491, K467 and
S492 and ¢-Met al residues PEFRDSYPIKY VHAF (SEQ 1D NG: 238) and
FAQSKPDSAEPMDRSEA (SEQ D NG: 239).

In other ebodiments, the inveniton provides for bispecific EGFR/c-Met
antibodics thal inhibid growth of NCI-H292 or NCI-H1975 cells with an ICs, value that is

at least aboui 300-fold less, al least about 400-fold less, at least about 500-fold less, at

least about 600 -fold less, at least about 700-fold less or af least aboui 800-fold less when
compared to the 1Cs value of inhibition of growth of NCE-H292 or MCE-H1975 cells with
cetuximab, whep NCI-H292 or NCE-H1975 cells are grown in low attachment conditions,

In other embodiments, the mvention provides for bispecific EGFR/¢c-Maet
antibodies that inhibit growth of HGF-cxpressing SKMES-1 cell tumor in SCID Beig
mice with percentage (%) T/C value of at least 500-fold less on day 36 when conpared to
cetuxiraab, when the bispecific antibody and cetuximab are adminisiered at 20 mg/ke
dose.

In other embodiments, the mvention provides for bispecific EGFR/c-Met
antibodics wherein the HC! CH3 comprises a K409R or a F4O5L substuiution and the HCZ
CH3 comprises a K409R or F405L substitution, wherein residue nuintbering is according
to the EU index.

1o other embodiments, the invention provides fur bispecific EGFR/c-Met antihodics
cormaprising certain beavy and light chain CDR, VHE, VLI, VH2, VL2, HC1, LCL HC2

and LC2 sequences.

(93}
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Ancther embodinuent of the 1nveniion is an solated synthetic polynucleotide encoding

the HCI, the HC?Z, the LC T or the LC2 of the invention,
Another erahodiment of the invention is a vector comprising the polyoucleotide of
the invention.
Another ernbodiment of the imvention is 4 host cell comprising the vector of the

nveniion.

Another embodiment of the invention is a method of producing the isolated bispecific
BGFR/e-Met antibody, comprising:

combining an isolated monospecific bivalent anti-EGFR antibody comprising two

heavy chains of SEQ 1D NO: 199 and two light chains of SEQ D NO: 200 and an

1golated monospecific bivalent anti-c-Met antibody comprising two heavy chains of

SEQ 1D NO: 201 and two light chains of SEQ 1D NO: 202 ina mixture of abowut 1:]

malar ralio;

wtroducing & reducing agend into the nuxhire;
weubating the mixture about ninety winytes to about six how
removing the reducing agent; and
purifying the bispecific EGFR/c-Met antibody that comprises a first heavy chain of
SEQ D NO: 199 and a second heavy chawn of SEQ D NO: 201, a first hght chain of
SEQ D NO: 200 and a second light chain of SEQ I NO: 202, wherein the fivst heavy
chain of SEQ 1D NO: 199 pairs with the first light chain of SEQ 1D NO: 200 to form
the first binding domain that specifically binds EGFR, and the second heavy chain of
SEQ D NO: 201 pairs with the second light chain of SEQ ID NO: 202 to form the
second binding domain that specifically binds ¢-Mst.

Anoiher coibodirasnt of the iveniion 1§ a pharreaceutical coraposition comprising the

hispecific antibody of the invention and a pharmaceuticaily acceptable carrier.
Another embodiment of the iovention is method of treating a subject having cancer,

corapristog adminmistering a thevapeutically effective amount of the bispecific EGFR/c-Met
antibody of the woveniion o a patient iu need thercof for a time sufficient to reat the
CAnCer.

Another embodiment of the mvention 1s method of inhibiting growth or profiferatios
of cells that express EGFR and/or ¢-Met, comprising contacting the cells with the
hispecific anlibody of the invention.

Another embodiment of the invention is method of inhibiting growth or metastasis of

EGFR and/or c-Met expressing tumor or cancer cells in a subject comprising

N
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adrainistering to the subject an effective amount of the bispecific antibody of the mvention
to inhibit the growth or maetastasis of EGFR and/or o-Met expressing tumor or cancer celis,

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 14 and 1B, Amino acid alignment of the EGFR-binding FN3 domains. The BC and
FG loops are boxed at residues 22-28 and 75-86 of SEQ 1D NO: 18, Soras varianis include
thermal stability noproving L17A, N46K and EB6] substitutions {residue mumbsring

cording to Tencon SEQ TR NG 1,
Figure 2. Scquence abigniment of the Tencon27 scaffold (SEQ D NO: 99 and a TCL 14
tibrary {SEC ID NO: 100} having randomaized C-CD-F-FG aliernative surface, The loop

residues are boxed. Loops and strands are indicaied above the sequences.

Figure 3. Scquence alignmenti of the c-Met-binding FN3 domains. The Cloop and the €D

strand and the F loop and the FG strand are boxed and span residues 29-43 and 65-81.

Figure 4. Inhibition of c-Met phosphorylation in NCI-H292 cells pre-treated with
monospecific or bispecitic FN3 doraain containing molecules and stivwlated with HGF 1s
shown. Substantial increase in the potency of the bispecific EGFR/c-Met nwolecule (ECB1)
was observed when compared to a monospecific o-Met-binding FN3 domain (PLI4ARSP74-
A5, shown as A5 in the Figure) onits own or o combination with an EGFR-binding FN3
domain (P54 AR4-83v2, shown as 83v2 1n the Figure).

Figare 8. Inhibition of EGFR and o-Moet phosphorylation i cells pre-treated with
monospecific or bispecific FN3 domain containing roolecules, Incell lines expressing
high levels of EGFR, NCE-H292 (Figure SA) and HE96( Figure 5B}, anti-EGFR
monospecific and bispecific FN3 domain containing molecules are equally potent at
decreasing EGER phosphorylation. In cell lines expressing low levels of EGER relative to
c-Met, NCI-H441 (Figure 53C), bispecific EGFR/c-Met molecules improve the potency for
mnhibition of EGFR phosphorylation compared 1o the monospecific EGFR-binding FN3
domain alone, I cell lines with low levels of o-Met, refative to EGFR, NCI-H292 (Figure
5D) and H396 (Figure S5E), inhibition of ¢c-Met phosphorylation is significantly potentiated
with bispecific EGFR/c-Met molecule, compared to monospecific c-Met-binding FN3
doreain only. Molecules used in the study were: bispecific ECBS5 {(shown as 17-A3 inthe
Figure), monospecific EGFR-binding FN3 donain PS3AIRS-17 (shown as “17” in the
Figure), bigpecific EGFR/c-Met mnlecule ECB3 (shown as 83-H2 in the Figure), and

monospecific ¢-Met binding FN3 domain PLI4ARTPO3-HY (showr as HY in the Figure).

~3
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Figure 6. Pharmacodynamic sigualing in tumors isolated from raice dosed with bigpeeific
EGFR/c-Met molecules for 6h or 72h. Al molecules significantly reduced c-Met, EGFR
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and ERK phosphorylation at 6h and 72h, the degree if imbibition was dependent on the
affimty of the FN3 domains to EGFR and/or c-Mel. Bispecific molecules were generated
by joining EGFR-binding FN3 domain with a high (83" in the Figure 13 pS4AR4-53v2) or
mediom {*17v2” in the Figure is PS3AIRS-17v2} affinity to a ¢-Met-binding FN3 domam
with high (A3 in the Figure is P1I4ARTP24-A3) or medium (“AS5” in the Figure is

PLI4ARSP74-AS) affinity.

Figare 7. Plasma (top) and tumor {bottom} accumulation of bispecific EGFR/cMet
molecules of vanable affinities hnked to an albumin binding domain {(ABIY) are shown 6h
{left) and 72h (right} after IP dosing. Six hours after dosing, tumor accumuolation is maximal
m mice dosed with a bispecific moleaile harboring a medium affinity EGFR-binding FN3
domain {17v2) or high affinity EGFR binding domain (83v2). The bispecific molecules
meorporated high or medium affinity EGFR or c-Mat binding FN3 domains as follows: 83v2-
AS-ABD (ECB18; high/medium for EGFR/cMet) 83v2-A3-ABD (ECR3%; high/high) 17v2-
A5 {ECB2E; mediuny/maedivm) 17v2-A3-ABD (ECB39; medivra/high). In the figure, 83+v2
refers 1o pS4AR4-83v2; [7v2 refers 1o pS3AIRS-17v2; A3 refers o pl14ARTPY4-A3 and
AS refers to pl14ARSPT4-AS.

Figure 8. H292-HGF tunor xenogratts were implanted irdo 3CID Beige muce. When
tumors reached an average volume of approximately 80 mm’, mice were dosed three time
per week with bispecific EGFR/c-Met maolecules {25 me/kg) or PBS vehicle. All

bigpeci fic molecules reduced tumor growth, the tumor growth inhibition {TGY) being
dependent on the affinities of the molecules for o-Met and EGER (ugh EGFR-high cMet
refers 10 pS4AR4-83vI-pl I4ARTPO4-A3 (ECR38); hugh BGFR-med cMet refers to
pSAARA-H3v2-pl 14ARSPT4-AS (ECBI8Y med EGFR-lugh cMet refers to pS3AIRS-
17vZ-pl H4ARTP94-A3 (ECB39): med EGFR-med-cMet refers to pS3AIRS-17-
plI4ARSPT4-A 5 (ECRB28)).

Figure 9, H292-HGF tumor xenografls were implanted into SCHD Beige mice and they
were treated with different therapies. The anli-tumor activity of the therapies 18 shown
{bispecific EGFR/c-Met molecule refers to p5S4AR4-83v2-pl14ARTP94-A3-ABD
{(ECB3%); the other therapies are crizotinib, erlotinib, cetiximab, and the combination of

crizotinib and erlotinib).
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Figure 18, SKMES-HGF tumor xenografls were implanied into SCID Beige mice and the

mice were treated with different therapies, The anti-tumor activity of the therapics is

N
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shown as change n tumor size {mm’) over time. The bispecific EGFR/c-Met antibody

EMI-mAb was dosed mtraperitoneally { 1.p.} twice a week al either 20 mg/kg, S mg/ke, or

X

i mg/kg; ceinimab was dosed 1.p. twice a week at 20 mg/kg. Arrows in the figore show

fe

the administration days. Numbers after the antibodies indicated the admmistered dose.
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327 tomor xenografls were mmplanted into nude mice and the mice were

Figare 11, HCC

treated with erfotinb or EMI-mAb at mdicated doses. EMI-mAb was dosed biweekly and
erlotinib once a day for four weeks, Arrows in the figure show the administration days. The

anti-tumor activity of the therapies 1 shown as change in tornor size {(mm’) *} over time.

Figure 12, SNU-5 furaor xenografts were ioplanted juto CB17/3CTHD mice and the mice
were treated with 10 mg/kg cetimimab or 10 mg/kg or 1 mg/kg EMI-mAbB. Antbodics were
dosed biweekly for four weeks. Arrows in the figore show the administration days. The anti-

tumnor act Vll‘\,’ of the thera 316‘\ is shown ag chan £0 N RENOr 8ize (JH'L ) over time,

Figure 13. H1975-HGF wnor xenografls were implanied into node mice and the mice were
treated with 10 mg/kg cetuximab, 10 mg/kg EMi-mAb, 50 mg/ke erlotintb, 15 mg/ke
afatitub, or a combination of 10 mg/kg EM1-mAb and 15 mg/kg afatinib. Auntibodies were
dosed biweekly and the small molecules once a day for three weeks. Arrows in the figare
show the administration days. The anti-tumor activily of the therapies is shown as change in
fumor size {mm’) over time

Figare 14, HCOCR27-ER1 tumor xenografts were implanted into nude mice and th

=

18 10iC
were treated with 10 mg/kg EM1-mAb, 25 mg/kg erlotinib, or a combination of the two.

EM1-mAb was dosed biweekly and erlotinib once a day for 19 days. Arrows in the figure

show the administration days., The anti-tumor aclivily of the therapies is shown as change in

umor six ]’L ]’L ) over time.

Figure 18, Average EGFR and ¢-Met levels in tumor lysates isolated from H1975 HGF

tumor xenogratts implanted into SCID Beige mice after adminisiration of a single dose of 20

me/kg EM1-niAb. Receptor levels are shown as % of PBS conirol at indicated times post-
reatiaent

Figure 16, HI975-HGF tumor xenografts were implanted into nude mice and the nmice were
treated with 10 mg/kg EMI-mADb or 10 mg/kg EM1-mAD variant {pGZ
V234A/G23TA/P238S/HZ68A/V3I09L/A330S8/P331S baving uo Fe recepior binding and

9
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lacking effoctor functions. Antibodies were dosed biweckly at indicated days. The anti-

tumer activity of the therapies is shown as change 10 tumor size (mnt’ ) over time,

DETAILED DESCRIPTION OF THE INVENTION

The term “fibvonectin type I (FN3} doraaiy” (FN3 domain) as used hercin refers

o a domain occurning frequently in proteins including fibronecting, tenascin, intracellular
cytoskeletal proteins, cytokine receptors and prokaryotic enzymes (Bork and Dooluttle,
Proc Mat Acad Sct USA 89:3890-8994, 1997 Meinbe ef ol., J Bacteriol 175:1910-1918,

1993; Watanabe ef ol J Biol Chem 265:15659-15665, 1990}, Exemplary FN3 donains
are the 15 different FN3 domains present in human 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, 2010/0216708, Individual FN3 domains are
reforred to by domain number and protein name, ¢.z2., the 3™ FN3 domain of tenascin
(TH3Y, or the 107 FN3 domain of fibronectin (F\HU)

The term “substituting” or “substituted” or ‘mutating” or “youtated” as used herein
reters to altering, deleting or nserting one or wore amino acids or bucleotides in a
polypeptide or polynucieotide sequence o generate 2 variant of that sequence.

The term “randoruizing” or “randomized” or “diversified” or “diversifying” as
used herern refers to making at least one substitution, msertion or deletion ina
polymicleotide or polypeptide sequence

“Vartanl” as gsed berein refers to a polypeptide or a polynucleotide that differs
from a reference polypeptide or a reference polynucleotide by one or more modifications
for example, substitutions, insertions or deletions.

The term “specifically binds” or “specific binding” as used herein refers to th

i ¢]

=

ability of an FN3 domain, a bispecific agent that specifically binds EGFR and ¢-Met, or a

bispecific EGFR/c-Met antibody of the invention to bind to a predetermined antigen with 2
dissociation constant (Kg) of about 1107 M or Te ess, for example about Ix107 "M o Tess,
about ix 107" M or less, about 1x10° M or less, about 1x107° M or less, about Ix10 Mor
less, about 1x1077 M or less, or about ix]i)"B M or less. Typically the FN3 domain, the
bispecific agent that specifically binds EGFR and c-Met or the hispecific EGFR/¢c-Met
antibody of the invention binds to a predetermined antigen {i.e. BGFR or ¢-Met) with a Kp
that 1s at least ten fold less than its Kp for a nonspecific antigen {for example BSA or

casein) as measired by surface plasmon resonance using for example a Proteon Instnment

{BioRad). Thus, the bigpecific EGFR/¢-Met FN3 domin containing molecule, the

16



WO 2014/081954 PCT/US2013/071288

hispecific agent that specifically binds EGFR and ¢-Met or the bispecific BGFR/¢-Met
antibody of the wvention specifically binds to each EGFR and ¢-Met with a binding
affinity (Kp) of at least about Ix1 G° M o less, for example about Ix 107 M or Jess, about
12107 M or less, about 1167 M or less, about Ix 1079 M or less, about 1x10™ M or less,
about X107 M or less, or about 121077 M or less. The bispecific BGFR/c-Met FN3
domain containing molecule, the bispecific agent that specifically binds EGFR and ¢-Met
or the bispecific EGFR/c-Met antibody of the invention that specifically binds to a
predetermined antigen may, however, have cross-reactivity to other related antigens, for
example 1o the same predetermined antigen from other species (homologs).

The term “library” refers to a coliection of variants. The library way be composed
of polypeptide or polynucieotide variands.

The term "stability™ as used herein refers to the ability of a molecule to roaintain a
folded state under physiological conditions such that it retains at least one of s pormal
functional activities, for example, binding 1o a predeterroimed antigen such as EGFR or¢-
Met.

“Epidermal growth factor receptor” or “"EGFR™ as used here refers to the homan

EGFR {alse known as HERI or ExbB1 (Ullrich ef ¢f,, Natore 309:418-425, 1984} having
the amino acid sequence shown in SEQ I NG: 73 and in GenBank accession number
NP 005219, as well as naturally-occomring variants thereof. Such vartants melude the well
known EGFRvII and other alternatively spliced vaniants (¢.g., as identified by SwissProt
Accession numbers PO0533-1 (wild type; identical to SEQ 1D NO: 73 and NP_(05219),
POO533-2 (F404L/L4058), POG533-3 (528-703:
CTGPGLEGCP..GE APNQALLR»»;»PGNE SLEAML.. SVHTASSCH and 706-1210
deletedy, POO533-4 (Co28S and 629-1210 deleted), variants GinQ98, R266, K521, 1674,
(3962, and P88 (Livingston er ¢f, NIEHS-SNPs, ercvirorunental genowme project, NMIEHS
ES15478), TTO0M, LS8R/T790M and delET46, AT58)

“EGFR ligand” as vsed herein encomapasses all {e.g., physiological} hgands for

EGFR, including EGF, TGFo, heparin binding EGF (HB-EGF), ampbircgalin {AR), and

i

eprregiln (EPI).
“Epidermal growth factor” (EGF) as used herem refers to the well known 33
amino acid puman EGF having the amino acid sequence shown in SEQ (D NO: 74,
“Hepatocyie growth factor receptor” or “c-Met” as used heremn refers to the human
c-Met having the amino acid sequence shown in SEQ 1D NO: 101 or in GenBank

Accession No: NP_001120972 and natoral variants thereof.

i1
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“Hepatocyie growth factor” (HGF) as used bercin refers to the well kuown human
HGFT having the amino acid sequence showr o SEQ T NG: (02 which s cleaved to form
a dimer of an alpha and beta chain Haked by a disulfide bond.

“Blocks binding” or “inhibits binding”, as used herein mterchangeably refers to
the ability of the FN3 domams, the bispecific EGFR/c-Met FN3 domam containing
molecule, the bispecific agent that specifically binds EGFR and ¢-Met or the bispeetfic
EGFR/e-Met antibody of the invention to block or inhibit binding of the EGFR ligand
such as EGF to EGFR and/or HGF to ¢-Met, and encompass both partial and complet
blocking/inhibition. The blocking/inhibition of EGFR ligand such as EGF to EGFR
and/or HGF to c-Met by the FN3 domains, the bispecific EGFR/c-Met FN3 domain
containing moelecule, the bispecific agent that specifically binds EGFR and c-Met or the
bispecific EGFR/c-Met antibody of the juverdion reduces partially or compietely the
normal level of BGFR signaling and/or o-Met signaling when corapared to the EGFR
figand hinding to EGFR and/or HGF binding to ¢-Met without blocking or inhubition. The
FN3 domaius, the bispecific EGFR/c-Met FN3 domain containing molecule, the bispecific
agent that specifically binds EGER and c-Met or the bispecific EGFR/c-Met antibody of
the invention “blocks binding” of the EGFR ligand such as EGF to EGFR and/or HGF to
c-Met when the mhibition 18 at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

Sy

75%, B0%, B5%, 90%, 91%, 929%, 93%, 94%, 95%, 969, 97%, 98%, 99% or 100%.

}0

1
H
i

Inhibition of binding can be measured using well known methods, for exampile by
measuring inhibition of binding of biotinylated EGF on EGFHR expressing A431 celis
exposed to the FN3 domain, the bispecific EGFR/c-Met FN3 domain containing molecule,

the bispecific agent that specifically binds EGFR and o-Met or the bispecific EGFR/c-Met

S

1

antibody of the wvention using FACS, and using methods described herein, or mueasuring
whibition of binding of biotinylated HGF on ¢-Met extracellular domain using well
known methods and methods described herein.

The term “EGFR signaling” refers to sigual trapsduction induced by EGFR lbigand
hinding to EGFR resuliing in autophosphorylation of at least one tyrosine residue o the
EGFR. Anexemplary EGFR ligand is EGFE,

“MNeotralizes EGFR signaling” as used herein refers to the abilityof the FN3

domains, the bispecific EGFR/c-Met FN3 domain containing molecule, the bispecific

agent that specifically binds EGFR and ¢-Mzt or the bispecific EGFR/c-Met antibody of
the invention to inhibit EGER signaling induced by EGFR ligand such as EGF by at least
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%,

93%, 949%, @5%, 96%, 97%, 98%, 99% or 100%% .

12
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The term “c-Met signaling” sigunal transduciion induced by HGF binding
to c-Met vesulting o avtophosphorylation of at least one tyrosine residue 1o the ¢-Met.

349 is

Typically al leasi one tyrosine residuce at postiions 1230, 1234, 1235 or
autophosphorylated upon HGF binding.

“Meotralizes c-Mel signaling” as used herein refers to the ability of the FN3
donain, the bispecific EGFR/c-Met FN3 domain containing moleculs, the bispecific agent
that specifically binds EGFR and c-Muct or the bispecific EGFR/c-Met antibody of the
mvention to inhibit o-Met signaling induced by HGF by at least 30%, 35%, 40%, 459,
50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99% or 160%.

» s

“Overexpress”, “oversxpressed” and “overexprossing” as used horein

* &

ey

mierchangeably refer o a cancer or malignant cell that bas mueasurably higher levels of

EGFR and/or ¢-Met on the surface compared to a normal cell of the same tissue type.

Such overexpression may be caused by gene amplification or by tncreased franscription ot

/

ranglation. EGFER and/or ¢-Met oxpression and overexpression car be mcasured using

¢
]
M

vell know assays using for example ELISA, umumothiorescence, flow eytometry or
radioimmunoassay on live or lysed cells. Alternatively, or additionally, levels of EGFR
and/or ¢c-Met-encoding nocleic acid molecules may be measured in the cell for example
paing fluorescent in sify hybridization, Southern blotting, or PCR techmiques. EGFR

and/or c-Met is overexpressed when the level of EGFR and/or o-Met on the surface of the
cell is at least 1.5-fold higher when compared to the normal cell.

“Tencon” as used herein refers to the synthetic fibronectin type 1 (FN3) domain
having the sequence showr in SEQ ID MNO: 1 and described in ULS. Pat. Publ. No.
UR2010/0216708.

A “cancer cell” or a “tunor cell” as used hereiwn refers o a cancerous, pre-
cancerous or transformed cell, either in vive, ex vivo, and in tissue culture, that has
spontancous or induced phenatypic changes that do vot necessanly involve the uptake of
niew genetic material. Although irausforruation can arise from nfeciion with a

transforming virus and incorporation of new genomic pucleic acid, or uptake of exogenous
nucleic acid, it can also arise spontanecushy or {ollowing exposure to a carcinogen, thereby
mnitating an endogenons gene, Transformation/cancer is exemplified by, ¢.g.,
morphological changes, immortalization of cells, aberrant growth control, foct formation,
proliferation, malignancy, tumor specific marker levels, invasiveness, tumor growth or
suppression n suitable animal hosts such as mude muice, and the like, in vifro, in vive, and

ex vive (Freshney, Culture of Animal Celis: A Manual of Basic Techmique (3rd ed. 1994)).
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The term “vector” means a polynucleotide capable of being duplicated within a

biclogical systera or that can be mmoved between such systems. Vector polynucleotides

L

ypically contain elements, such as origins of replication, polyadenylation signal ot
selection markers that Binction to facilitate the doplication or mastenance of these
polynucleotides in a biological system. Examples of such biological systems may inchide
a cell, virus, antmal, plant, and reconstituted biclogical systers utilizing biological
components capable of duplicating a vector. The polynucleotide 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 1n a biological
system or in a reconstituted biological system to direct the translation of a polypeptide
encoded by a polyrucleotide sequence present in the expression vector.

The term “polynucleniide” means a molecule coraprising a chain of nuclsotides
covalently linked by a sugar-phosphate hackbone or other equivalent covalent chepustry.
Double and single-stranded DINAs and RNAs are typical exaraples of polynucleotides.

"Coraplemerntary DNAT or “cDNA” refers to a well knowa synthetic
polynuclectide that shaves the arrangement of sequence elements found in native mature
mRNA species with conliguous exons, with the intervening introns present i genomic
DMNA are removed. The codons encoding the mitiator methionine may or may not be
present m ¢DMAL cDINA may be synthesized for example by reverse transcnption or
synthetic gene assembly.

“Synthetic” or “non-nataral” or “artificial” as used herein refers to a
polynoclectide or a polypeptide moleale not present in natur

The term “polypeptide” or “protein” means a molecule that comprises at least two

aning acid residues hnked by a peptide bond to form a polypeptide. Small polypeptides
! { tiked by ie bond { tide. Small polypeptid

W

of less than about 3¢ amine acids may be referred to as “peptides”.

The term “bigpecific BEGFR/c-Met molecule” or “bispecific EGFR/c-Met FN3
domain contaming molecule™ as used herein refers to a molecule comprising an EGFR
binding FN3 domam and a distinct ¢-Met binding FN3 domain that are covalently linked
together either directly or via a inker. An exemplary bispecific EGFR/c-Met binding
molecule comprises a first FN3 domain specifically binding EGFR and a second FN3
domain specifically binding c-Met.

“Valent” as used herein refers to the presence of a specified puraber of binding

sttes specific for an antigen in 2 molecule. As such, the terms “wonovalent”, * ‘(3i‘v*:;ﬂ@n=1”,



WO 2014/081954 PCT/US2013/071288

“hexavalent” refer to the presence of one, two, four and six binding

sites, rcspccti'vel ccific for an antigen v a raolecule.

domains not covalently linked together. A mixtare may consist of two or more identical
FN3 domains or distinet FN3 domains. Mixtore as used herein also refers o a sample or
preparation of two or more monovalent antibodies that are monovalent towards EGEFR
and/or monovalent towards ¢-Meg

The term “bispecific agent that specifically binds EGFR and c-Met” as used herein

,.‘

efers to a molecule comprising a first domain that specifically binds EGFR and a second
domain that specifically binds ¢-Met. An exemiplary agent that specifically binds EGFR
and c-Met is 2 bispecific antibody. Anocther exenplary bispecific agent that specifically

.

binds EGFR and c-Met is a molecule comprising an EGFR binding FN3 domain and a

distinct c-Met binding FIN3 domain. The hispecific agend that specifically binds EGFR
and c-Met may be coraposed of 2 single polypeptide or more than one polypeptide.

The term “bispecific anti-EGFR/c-Met antibody” or “bispecific BEGFR/c-Met
antibody” as used herein refers o a bispecific antibody having a first domain that
specifically binds EGFR and a second domain that speeifically binds o-Met, The domaing
specifically binding EGFR and o-Met are typically VH/VL pairs, and the bispecific ant-
EGFR/c-Met antibody 1s monovalent in terms of binding fo EGER and o-Met,

The term “antibodies™ as used herein 18 meant in a broad sense and inchudes
mumunoglobulin molecules inchiding polyclonal antibodies, monoclonal antibodics
mchuding murme, human, homan-adapted, homanized and chimeric monocional
antibodics, antibody fragments, bispecitic or rauitispecific antibodies, dimeric, tetrameric

or multimeric antibodies, and single chain antibodices.

Immaonoglobuling can be assigned to five major classes, namely IgA, Igh, gk,
{25 and IgM, depending on the heavy chain constant domain amino acid sequence. [gA
and [gG are further sub-classified as the sotypes IgAy, 124, 1e(y, 126G, Tel; and ey,
Antibody light chains of any vertebrate spccic s can be assigned to one of two clearly

distinet types, namely kappa (x} and lambda (1}, based on the amdno acid sequences of

thetr constant dornains.

The term “antibody fragments” refers to a portion of an immunoglobulin molecule
that retains the heavy chain and/or the light chain antigen binding site, such as heavy chain
corplenentarity determining regions (HCDR) 1, 2 and 3, light chain complementarity

determining regions {LCDRY 1, 2 and 3, a heavy chain variable region {(VH), or a light
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chain variable region {VL). Antibody fagments include 2 Fab fragment, a roonovalent
fragment consisting of the VL, VH, CL and CHI domains; a F{ab), fragment, a bivalent
fragment comprising two Fab fragruents linked by a disulfide bridge at the binge region; a
Fd fragment consisting of the VH and CHI domains; a By fragment consisting of the VL

5
H
il

and VH domains of a single arm of an antibody; a domain antibody (dAb) fragruent (Ward

ef al {1989) Nature 341:544- 5468), which congists of a VH domain. VH and VL domaing
can be engineered and linked together via a synthetic inker to form various types of single
chain antibody designs where the VH/VL domains pair intramolecularly, or
mtermolecularly in those cases when the VH and VL domains are expressed by separate
single cham antibody constructs, to form a monovalent antigen binding site, such as single
chain Fv (scFv) or diabody; described for example in PCT Imil. Publ. Mos.
WOH998/44001, WOI988/01649, W(31994/13804, and W(1992/61047. These antibody

in the art,

sty

fragroents are obtained using well known techoigues known 1o those of skil

fies,

('J.\
7

and the fragments are screened for utility 1 the same manner as are full length antibo

Rl

The phrase "isolated antibody™ refers to an antibody or antibody fragiment that is

substantially free of other antibodies having different antigenic specificities {¢.g., an
isolated bispecific antibody specifically binding EGFR and ¢-Mgt is substantially free of
antibodics that specifically bind antigens other than homwan EGFR and o-Met), Anisolated

antibody that specifically binds EGFR and ¢-Moet, however, can have cross-reactivity to

other antigens, such as orthologs of human EGFR and/or ¢-Met, such as Adacaca
Sfascicularis (cynomolgus) BGFR and/or ¢-Met., Moreover, an solated antibody may be
sobstantiaily free of other celhilar material and/or chericals.

1y

An antibody variable tegion consists of a “framework” region jntertupted by thres
“antigen binding sites”. The antigen binding sites are defined using vanous terms: (3}
Complementarity Determining Regions ({CDRs), three in the VH (HCDRI, HCDRZ,
HCDR3), and three i the VL (LCDRI, LCDR2, LEDR3S), are based on sequenc
variability {Wu and Kabat &49283 | Exp Med 132:211-50, 1970; Kabat ot al Sequences of
Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, Md., 1991}, (i) “Hypervariable regions”™, “HVR”, or “HV”, thres in the
VH (HI, H2, H3) and throe in the VL (11, L2, L3}, refer to the regions of an antibody
variable domains which are hypervariable i structure as defined by Chothia and Lesk

{Chothia and Lesk Mol Biol 196:901-17, 1987}, Other teoms include “TMGT-CDRg”

(Lefranc ef ol Dev Comparat Tmmunel 27:35-77, 2003) and “Specificity Deterraining
Residue Usage” (SDRU) (Almaagro Mol Recognit 17:132-43, 2004}, The Taternational
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ImMunoGeneTics (IMGT) database (http//www_iragt org) provides 2 standardized
numbering and definition of antigen-binding sites. The correspondence betwoen CDRs,
HVs and IMGT delineations is described in Lefranc ef «l., Dev Comparat Towmunol 27:35-
77, 2003,

“Chothia residues” as used herein are the antibody VI and VH residues numbered
according to Al-Lazilani {(Al-Lazikani ef 4., J Mol Biol 273:927-48, 1997).

“Framework” or “framework sequences” are the remaining sequences of a

variable region other than those defined to be antigen binding sites. Because the antigen

binding sites can be defined by various terms as described above, the exact amino acid
sequence of a framework depends on how the antigen-binding site was defined.

“Humanired antibody” refers to an antibody i which the antigen binding sites are
derived from non-hurnan specics and the variable region framnoworks are derived from
hurean wungeoglobuiio sequences. Hurnamzed auntibodies maay inchude substitutions in

the framework regions so that the fraraework may not be an exact copy of expressed

hurean unimueoglobulio or germline gene

G
b /.

SEQUSTICE:

“Homan-adapted” antibodies or “homan famework adapted (HFA)Y” antibodies
refers to humanized antibodics adapted according to methods described in U8, Pat. Publ.
No. US2009/0113127. Human-adapted antibodies are humanized by selecting the

acceptor human frameworks based on the maximom CDR and FR sinlarities, length
compatibilities and sequence similarities of CDRI and CDR2 loops and a portion of light
chainn CPDR3 loops.

“Huoman antibody™ refers to an antibody having heavy and Light chain variable
regions in which both the framework and the antigen binding sites are derived from
sequences of hupan origin. It the antibody comtains a constant region, the constant tegion

also is derived from sequences of human origin.

ot

Human antibody comprises heavy or light chain variable regions that are

&

from” sequences of human ongin if the variable regions of the auntibody are ohiained from
a systemn that uses human germlbine pomunoglobulin or rearranged immunoglobulin genes.
such systems inclade buman nnmonoglobulin gene hbraries displayed on phage, and
transgenic non-human ammals sach as mice carrying human immenoglobulin loci as
deseribed herein. “Human antibody” may contain anuno acid differences when compared
to the homan germiine or rearranged immunoglobulin sequences due o for example
naturally ocourring somatic nnatations or intentional introduction of substitutions in the
framework or antigen binding sites. Typically, “human antibody™ is at least about 80%,

81%, 82%, 83%, 845, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,

p—
~1
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96%, 97%, 98%, 9% or 100% identical in araino acid sequence o an amino acid
sequence encoded by a buman germdine or rearranged umunoglobulin gene. To some
cases, “human antibedy” may contain consensus frarnework sequences derived fom
homan framework sequence analyses, for example as desenbed in Knappik ef @f., 3 Mol
Biol 296:57-86, 2000}, or synthetic HCDIR3 incorporated inlo human immunoglobulin
gene libraries displayed on phage, for example as deseribed in Shief af,, J Mol Biol
397:385-96, 2010 and Intl. Pat. Publ. No. WO2009/085462). Antibodies in which antigen
binding sites are derived from a non-human species are not included in the definition of
“human antibody™.

{solated humanized antibodics may be synthetic. Human antibodies, while
derived from human immunoglobulin sequences, may be gencrated using systems such as
phage display incorporating synthetic CDRs and/or synthetic frameworks, or can be

ubjected o in vifro mutagenesis to tnprove antibody properties, resulting in antibodics

that do not naturally exigt within the human antibody germaling repertotre in vivo.

The term “recombinant antibody” as used herein, ncludes all ardibodics that are

‘1‘

preparsd, expressed, created or isolated by recombinant meaus, such as antibodies isolated
from an animal {e.g., a mouse) that is transgenic or ranschromosomal for human
iroounoglobulin gencs of a hybudoma prepared therefrom {(describad further below),
antibodics isolated from a host cell transformed to express the antibody, antibodies

iselated from & recombinant, combinatorial ardibody library, and antibodies prepared,

1'1

expressed, created or isolated by any other means that involve sphicing of nmman
mrminoglobulin gene sequences to other DNA sequences, or antibodies that are generated
in viire using Fab arm exchange.

The term "monoclonal antibody™ as used berein refers to & preparation of antibody

molecules of single molecular composition. A monoclonal anttbody composition displays
a single binding specificity and affinity for a parlicular epitope, or 1» a case of a bispeeific

monoclonal antibody, a dual binding specificity to two distinet epitopes.

The term “substantially identical” as used herein means that the two antibody
variable region amino acid sequences being compared are wdentical or have “insubstantial
differences”. Insubstantial differences are sgbstibiions of 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11,

12, 13, 14, or 15 amino acids in an antibody variable region sequence that do not adversely
affect antibody properties. Amino acid sequences substantially identical 1o the variable
region sequences disclosed herein are within the scope of the invention. In some

embodiments, the sequence dentity can be about 30%, 91%, 92%, 93%, §4%, 95%, 96%,

1€
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97%, 98%%, 99% or higher. Percerd identity can be determained for example by pairwise
abignment using the default settings of the AlignX module of Vector NTI v.9.0.0

(Tovitrogen, Carlsbad, CA). The protein sequences of the present invention can he used a

24

a guery sequence to perform a search against public or patent dalabases to, for example,

wdentify related sequences. Exemplary programs vsed {o perform such searches are the

XBLAST or BLASTP programs (hitp //www_ncbi_nhin/nih gov}, or the GenomeQuest

{Genome(iest, Westborough, MA) suite using the default settings.

The term "epitope” as used herein means a portion of an antigen to which an

antibody specifically binds. Epitopes usually consist of chemically active (such as polar,
non-polar or hydrophobic) surface groupings of moteties such as amino acids or
polysaccharide side chaing and can have specific three-dimensional structural
characieristics, as well ag specific charge characteristics. An epitope can be composed of

contigiious and/or discontiguous amino acids that form a conformational spatial unit. For

o

a discontiguous epitope, amino acids from differing portions of the linear sequence of the

artigen come in ¢lose proximity in 3-dimensional space through the folding of the protein

molecule.

The term “in combination with™ as used herein means that two or more

therapeutics car be administered to a subject together 1 a mixtiure, concurrently as single

et

agerds or sequerdially as single agents io any order.

&

The mumbering of amino acid residues in the antibody constant region throughout

L

the specification is performed according to the EU index as described in Kabat st al,,

Sequences of Proteins of Immunaclogical Interest, 5th Ed. Public Health Sarvice, Mational

4 >

Tastitutes of Health, Bethesda, MD. (1991}, unless otherwise explicitly stated.

Compositions of matter

The present invention provides bispecific agents that specifically bind EGFR and

c-Met. The present inverdion provides polypeptides and polynucleotides encoding the

bigpecific agents of the inveution or complemendary nucleie acids thereof, vectors, host

celis, and methods of making and using them.,

Monsspecific aad bispecific EGFR and/or o-Met FN3I domain containing bisding

mpfecnies

Monsspecific EGFR FMN3 domsain containing binding melecudes

1%
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The present ioverdion provides fibronectin fype I (FM3) domains that bind

specifically to epideaal growth facior receptor (EGFR} and block binding of epidermal
growth facior (EGF) to EGER, and thus can be widely used o therapeutic and diagnostic
applications. The present invention provides polynocleotides encoding the FN3 domaing
of the invention or complementary nucleic acids thereod, vectors, host cells, and methods
of making and osing them.

The FN3 domains of the invention bind EGFR with high affinity and inhibit
EGFR sigpaling, and may provide a beneflt in terms of specificity and reduced oft-targe
foxicity when compared to small molecule EGFR inhibitors, and improved tissue
penetration when compared 10 conventional antibody therapeutics.

One embodimert of the inventior is ar isolated fibronectin type 11T (FN3) domain
that specifically binds epidernal growth factor receptor (EGEFR) and biocks binding of
epidermal growth factor {EGF) to EGFR.

The FN3 domaing of the wnveuntion may block EGF binding to the EGFR with an
1C 5o value of Tess than about 1x107 M, less than about {x107° M, less than about [x107 M,
less than about 12107 M, fess than about ix107" M, or less than about 1x10" M ina
competition assay criploying A431 cells and detecting amount of fluorescence from
bound hiotinylated EGFE using streptavidin-phycoerythrin conjugate at 600 oM on A431
cells incubated with or without the FN3 domains of the invention, Exemplary FMN3
domains may block EGF binding to the BGFR with an ICsy value between about 1x107 M
w0 about 1x107 M, such as BGFR binding FN3 domains having the amino acid sequence
of 3EQ 1D NQOs¢: 1829, 107-110, or 122-137. The FN3 domains of the invention may
block EGF binding to the EGFR by at least 30%, 35%;, 40%, 45%, 50%, 55%, 60%, 65%,
7080, T5%, 80%, B5%, 90%, 9194, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100%
when compared fo binding of EGF to the EGFR in the absence of the FN3 domains of the

wverdion using the same assay conditions.

The FN3 domain of the juvention may intubit EGPR signaling by at least 30%,

33%, 40%, 45%, 50%, 53%, 60%, 65%, 70%, 753%, 80%, 85%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 87%: 98%, 99% or 100% when compared to the fevel of signaling in the
¢ of the FN3 domains of the invention using the same assay conditions,
abse fihe FN3 d £tk s “

N
H
il

Binding of a ligand such as EGF to EGFR stimnulates receptor dimerization,

5
H
i

autophosphory lation, activation of the receptor's internal, cytoplasmic tyrosing kinase
domain, and iniliation of multiple signal transdaction and transactivation pathways

mvolved in regulation of DNA synthesis {gene activation) and cell cycle progression o

i

division. Inhibition of EGFR signaling may result in inhibition m one or more EGFR
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downstream signaling pathways and therefore neutralizing EGFR may have various

ol

effocts, including inhibition of ¢ell profiferation and differentiation, angicgenesis, ©

9

metility 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,
and Y1173 (Downward et o/, Nature 311:483-5, 1984} and/or phosphorylation of natural
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.
EBxeraplary assays can be found in Panek ef o/, | Pharmaceol Exp Thera 283:1433-44, 1997

and Batley ef af., Life Sc1 62:143-50, 1998, and assays deseribed herein,

1

In one embaodiment, the FN3 domain of the invention inhibits EGF-induced EGFR
phosphorylation at EGFR residue position Tyrosine 1173 with an ICs, value of less than
about 2.5x 167 M, for exaraple less than about 1x10° M, less than about 1x 1077 M, less
{han about 1x107 M, icss than about 1x1 0°M , less than aboul Ix 10 M, less than about
I L M, o Tess than about 13107 M when measured in A431 cells using 5¢ ng/ral

himan EGF.

In one embodiment, the FN3 domain of the mvennon inhibits BGF- mdoced
EGER phosphorylation at EGFR residue position Tyrosine 1173 with an 1Cs value
between about 1.8 x 107 M to about 2.5 x 10° M when measured in A431 cells using 50
ng/mL human EGF. Such exemplary FN3 domains are those having the amino acid
sequence of SEQ 1D NOs: 18-29, 107-110, or 122-137

In one embodiment, the FN3 domain of the invention binds human EGFR with a

EE]
HE
1]

dissociation constant (Kp) of less than about 1xig® M, for exampls less than about 1x10
M, less than about 1x107° M, loss than about 1x107 M, less than about 121077 M, or less
than about 1x107° M as determined by surface plasmon resonance or the Kinexa method,
as pracliced by those of skill in the art. To some erobodiments, the FN3 domain of the
jnvention binds human EGFR with a Kp of between about 2x107° (o about [x107° M. The
affinity of a FN3 doroain for EGFR can be determined experimentally using any suitable
method. (Sce, for example, Berzofsky, ef ¢l., “Antibody-Auntigen Interactions,” In
Fundamental Immunology, Paul, W. E., Ed., Raven Press: New York, NY (1984}); Kuby,
Jams fmmunology, W, H Freeman and Company: New York, NY {1992); and methods
described herein}. The measured affinity of a particular FMN3 domain-antigen interaction

can vary if measured under different conditions (e.g., osmolarity, pH). Thus,

measurements of affinity and other antigen ‘oinding parameters {e.g., Ky, Ko, Ko are
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preferably raade with standardized sohutious of profein scaffold and antigen, and a
standardized butfer, such as the buffer described herein.

Exemplary FN3 domains of the vention that bind EGFR wchide FN3 domains of
SEQ D NOg: 18-29, 1067-110, or 122-137.,

In one embodiment, the FN3 domain that specifically binds EGFR comprises an
amino acid sequence at least 87% identical to the amino acid sequence of SEQ D NO: 27.

In one embodiment, the FN3 domain that specitfically binds EGFR comprises

an FG loop comprising the sequence HNVYKDTNXRGL (SEQ ID NOG: 179 or
the sequence LGSYVFEHDVML (SEQ D NO: 180), wherein Xgis M or {; and

a BC loop comprising the sequence X X 3GX KX XX (SEQ 1D NO: 181),

wherein

X8 A, T, Gor T

X AL DY or W,

X1 P, Dor

Xs1g L or absent;

XD H R G Y or W
Xe1s G, Bor A

Xy A F, G, Hor I and
Xgis Y, ForL.

The FN3 domains of the invention that specifically bind EGFR and mhibit
autophosphorylation of EGFR may comprise as a structural feature an FG loop comprising
the sequience HNVYKDTNXRGL (SECG 1D NO: 179) or the sequence
LGRYVFEHDVML (SEQ 1D NO: 180), wherein Xy is M or L. Such FN3 domaing may
fizrther comprise a BC loop of 8§ or ¢ amiro acids inlength and defined by the sequence
KXo KXy KX Ko XKg (SEQ 1D NO: 181) and inhibit EGFR autophosphorylation with an
156 value of less than about 2.5%10°° M, or with an Cso value of betweer about 1.8x 1 ot
M to about 2.5x10° M when measured in Ad31 cells using 50 ng/rall buman EGF.

The FN3 domiains of the invention that specifically hind EGFR and wnhibit

autophosphorylation of EGPR further comprise the sequence of
LPAPENLEVVSEVTEDSLRLEWX X X X X XX X DSFLIQYQESEKVGEAINLTVP

GSERSYDLTGLKPGTEYTVSIYGVHENVYKDTNGRGLPLSAEFTT (SEQ D NO:

1823, or the sequence
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LPAPENLVVSEVTEDSLRLAWX XX XX s X X 2XGDSFLIGYQESEKVGEAINLTVE
GRERSYDLTGLKPGTEYTVRIYGVLGSY VFEHDVMLPLSAEFTT (3EQ ID NO:
183),
wherein

XA T, Gar Dy

XA D Yor W

X318 P, Dor N

Xyis L or absent;

X8 D H B G, Y or W,

Xs18 G, Bor A;

X8 A F G Hor I

X8 Y, Fork;and

KeisMorl

The EGPFR binding FN3 domaing can be generated and tested for their ability to
nhibit EGER astophosphorylation osing well known methods and methods described
herein.

Another embodinent of the invention 1s an 1selated FN3 domam that specifically
binds BGFR, wheremn the FN3 domain comprises the sequence shown in SEQ 1D NOs: 15-

29, 107-11¢, or 122-137.

In some embodiments, the EGFR binding FN3 domains comprise an initiator
methionine {(Met) hnked to the N-terminus or a cysteing (Cys) linked to a C-terminus of a
particular FN3 domain, for example to facilitate expression and/or conjugation of half-iife
extending moleculss.

Angther ernbodiment of the invention is an isolated fibronectin type 1T (FN3)
domain that specifically binds EGFR and blocks binding of EGF to the EGFR, wherein the
FN3 doraain is iselated frow a Uibrary designed based on Tencon sequence of SEQ 1D NG«

1.

Monespecific o-Met FN3 domain containing binding molecudes

The present mnvention provides {ibronectin type H (FN3) domains that bind
specifically to hepalooyie growth factor receptor (o-Met) and block binding of hepatocyte
growth factor (HGF) to c-Met, and thus can be widely used in therapeuatic and diagnostic

applications. The present invention provides polynucleotides encoding the FIN3 domains

b2
(a2
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of the invention or corplemeniary nucleic acids thereof, vectors, host cells, and methods
of making and vsing them.

The FN3 domains of the jnvention bind ¢-Met with high affinily and inhibit ¢-Met
signaling, and may provide & benefit mn terms of specificity and reduced off-larget foxicity
when compared o small molecale ¢-Met mhibitors, and improved tissue penetration when
corapared to conventional antibody therapeutics. The FN3 domains of the invention are
monovalent, therefore preventing unwanted receptor chistering and activation that may
occur with other bivalent molecules.

One embodiment of the invention 1s an isolated tibronectin type U (FN3) domain
that specitically binds hepatocyie growth factor receptor {c-Met) and blocks binding of
bepatocyte growth factor {HGF) to o-Met.

The FN3 domaing of the wvention may block HGF binding to ¢-Met with an ICsq

vatue of less than about 1x107 M, less than about 1x L0 M, less than about 1x107 M, less

G
[e]

than about 1x107° M, less than about [x 107 M, or less tha

n about 1x 107 M inan assay

&

detecting intubition of binding of biotinylated HGF to o-Met-Fc fusion protein i the
presence of the FM3 domains of the invention., Exemplary FN3 domains may block HGF
bindmg 1o the o-Met with an ICse value between about 221070 M 1o about 6x10° M, The
FM3 domains of the invention may block HGF binding to o-Met by at least 30%, 35%
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
9594, 96%, 97%, 98%, 99% or 180% when compared to binding of HGF to ¢-Met in the

2
b
¥

absence of the FN3 domains of the invention using the same assay conditions.

&

The FN3 domain of the invention may inhibit c-Met signaling by at least 309,

3594, 40%, 45%, 50%, 55%, 60%6, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, 99%, or 100% whon comparad to the level of signaling in the

absence of FN3 domains of the invention using the same assay conditions.

Rinding of HGF to ¢-Met stimudales receptor (imiu—:rizaii()in, autophosphorylation,
aciivation of the receptor's tnlernal, cytoplasruic tyrasine kinase domain, and initiation of
moultiple signal fransduction and irausactivation pathways 1ovolved inregulation of DNA
synthesis (gene activation) and cell cycle progression or division. Inhibition of ¢-Met
signaling may result 1o inlnbioon of one or more ¢-Met downstream signaling pathways

and therefore nevtralizing ¢-Met may have various effects, inchiding intubition of celt

proliferation and differentiation, angingenesis, cell motility and metastasis.

c-Met signaling may be measured using various well know methods, for example
measuring the ophomho)yhtmn of the receptor on at least one tyrosine residues Y1239,

Y1234,Y1235 or Y1349 and/or phosphorylation of natural or synthetic subairates.



WO 2014/081954 PCT/US2013/071288

Phosphorylation may be detected, for exarople, using an agtibody specific for

phosphotyrosine 1o an ELISA assay or on a westem blot. Assays for tyrosine kinase

.J-

activity are described for exaraple i Panck ef o/, T Pharsacol Exp Thera 283:1433-44,
1997 and Batley ef of,, Life Bei 62:143-50, 1998, and assays described herein.

In one embodiment, the FIN3 domain of the mvention inhibits HGF-induced o-Met
phosphorylation at ¢-Met residue position 1349 with an 1T value of Tess than about Ix 1€

® M, less than about 131077 M, less than about 1x10™ M, less than about 1x 107 M, less
50 5

n

ess than about 1x1¢7 M, orless t

1
b
¥

than about 1x1¢7 han about 1x107° M when
measured in NCL-H441 cells using 100 ng/mL recombinant human HGF.

In one embodiment, the FN3 domain of the invention inhibits HGF-induced ¢-Met
phosphorylation at c-Met tyrosine Y1349 with an 1Cs value betweer about 4x10™ M to
about ix10°° M when measured in NCI-H441 cells usinz 100 ng/mL recombinant hurma
HGE.

In one embodiraent, the FN3 domain of the tavention binds hursan ¢-Met with an
dissociation constant {Kg) of cqual o or less than about 107 WL 1L M, 1xI0T M,
IO M, I P M, 1B M, 1B ML 1B M, or 1x167° M as determined by
surface plasmon resonance or the Kinexa methed, as practiced by those of skail in the art,
In somie crbodiments, the FN3 domain of the invention binds human o-Met with a K of
between about 3x107° M 1o about 55105 M. The athinity of a FN3 domain for ¢-Met may
be determined experimentally using any suitable method. {See, for example, Berzofsky, ef
al., “Antibody-Antigen Interactions,” In Fundamental Immunology, Paul, W. E., Ed,,
Raven Press: New York, NY (1984); Kuby, Fanis fmmunology, W. H. Freeman and
Company: Mow York, NY (1992); and methods described herein). The measured affiniy
of a particular FN3 domain-antigen interaction can vary if measured under different
conditions {e.g., osraniarity, pH). Thus, measurcrasuts of affinity and other antigen-
binding parameters {e.2., Ko, Koy, Ko are preferably made with standardized solotions of

protein scaffold and amigsr, and a standardized butfer, such as the buffer described

Exemplary FN3 domains of the invention that bind ¢-Met include FN3 domains
having the amino acid sequence of SEQ D NOs: 32-49 or 111-114.

In one embodiment, the FN3 domain that specifically binds ¢-Met comprises an
amino acid sequence at least #3% identical to the amino acid sequence of SEQ D NO: 41,

In one embodiment, the FN3 domain that specifically binds c-Met comprises

a C strand and a CD loop comprising the sequence DSFXIRY X (B

12X 13%4X0 GG (SEQ D NO:

184), wherein

b2
wr



WO 2014/081954

PCT/US2013/071288

XpisW, ForV,
XpisD, Forks

XeoisV, Forks

XV, Lo T

XaisV, R G L, Tor3;
Xiis G, S, A, Tor K and

Xigis B or B and

a F strand and a FG loop comprising the sequence TEY X, VXX 10X 0V
KGGX X0 58Xy (SEQ 1D NO: 1853, wherein

Xipis Y, W, LV, Gor A;
Xigis N, T, Qor G

Xpisl, M,Nork;
XaolsGord;

Xu3, LG Y. T.RHwEK;
Xnisl Vorl;and

Xnis V, T,HLL B, York.

The FMN3 domains of the invention that specifically bind ¢-Met and inhibit

autophosphorylation of c-Met further comprises the sequence:
LPAPKNLVVSRVTEDSARLSWTAPDAAF DSFX (IRY X E XX 5 X 14X G X 6
AIVETVPGSERSYDLTGLKPGTEY X7 VXX 6 Xoo VK GGX X SX oy PLSAEFTT
(SEQ 1D NO: 188},

wherein

Xipis W, For V;and
Xy, Fork,
XpisV, Fork,
XsisV,Lor T,
XusV, R G L Tors,
Xxsis G, S, A, TorK;
XpisEory

Xpis Y, W, LV, Gor A;
XpisMN, T.Qor G
XoisL, M, Nork
XoosGor S

X188, LG Y, T,R HorK;

Xn1sl VorL; and
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sV, T, HLP YorL.
Another erabodiment of the invention is an isolated FN3 domain that specifically
binds o-Met, wherein the FN3 domain comprises the sequence shown in SEQ 1D NGs; 32
49 or 111-114.
Another eribodiment of the invention is an isclated Gbronectin type T (FN3)
domain that specifically binds ¢-Met and blocks binding of HGF to the o-Met, wherein the
FN3 domain is isolated from a library designed based on Tencon sequence of SEQ DN

1.

Isolation of EGFR or o-Met FN3I domains from a Hbrary based on Tencon sequence

Teacon (SEQ 1D NO: 1) is & non-naturally occurring fibronectin type 1H (FN3)

domeain designed from a consensus sequence of fifteen FN3 domaios froo luman

tenascin- (Jacobs ef wf, Protein Enginecoring, Diesign, and Selection, 25:107-117, 2012,
1.8, Pat. Publ. No. 2010/0216708). The crystal structure of Tencon shows six surfac
exposed loops that connect soven beta-strands as 18 characteristic to the FN3 doruains, the
beta-strands referred to as A, B, C, D, E, F and (G, and the loops referred 1o as AB, BC,
D, DE, EF, and FG loops (Bork and Doolittle, Proc Natl Acad Sci USA 89:58%0-8992,
1992; U.S. Pat. No. 6,673,901}, These loops, or selected residues within cach loop, can be
randomized in order to construct libraries of Gbronectin type HI{FN3} domains that can be
used to select novel molecules that bind EGFR or o-Met. Table 1 shows positions and
sequences of each loop and beta-strand in Tencon (SEQ D NO: 1).

Library designed based on Tencon sequence may thus have randomized FG loop,
or randomized BC and FG loops, such as ibraries TCL1 or TCL2 as described below.
The Tencon BC loop is 7 anuno acids long, thus 1, 2, 3, 4, 5, 6 or 7 amino acids may be
randomized 1 the library 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 asids

1 o~

may be randomized in the library diversified at the FG loop and designed besed on Tencon

-

sequence. Further diversity at loops i the Tencon libraries maay be achieved by rosertion
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
18 7 amino acids long, whereas the corresponding loop in antibody beavy chains ranges
from 4-28 residoes. To provide maximuom diversily, the FG loop may be diversified in
sequence as well as in length to correspond to the antibody CDR3 length range of 4-28

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

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

b2
~~1
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Library desigued based on Teoncon sequence may also have randomized aliernative
surfaces that form on a side of the FN3 domain and comaprise two or more beta strands,
and at least one loop. One such alteroative surface is formed by arnioe acids in the C and
the F beta-strands and the CD and the FG loops (8 C-CD-F-FG surface). A library design
based on Tencon altemative C-CD-F-FG surface and is shown in Figore 1 and detailed
generation of such libraries is described in ULS. Pat. Publ. No. U32613/0226834,

Library designed based on Tencon sequence also includes libraries designed based
on Tencon variants, such as Tencon variants having substitutions at residues positions 11,
14, 17, 37, 46, 73, or 56 (residue nunibering corresponding to SEQ 1D WNO: 1), and which
variants display improved thermal stability. Exemplary Tencon variants are described in
US Pat, Publ. No. 201 1/0274623) and include Tencon27 (SEQ D NO: 99) haviag

substitutions E11R, L17A, N46V and E861 when compared 1o Tencon of 3EQ 1D NO: 1.

Table {,

Tencon

FN3 domain (SEQ 1D NO: 1)

A strand 1-12
AB loop 13-18
B strand 17-21
BC iocop 2228
C strand 28-37
CD loop 38-43
0 strand 44-50
DE ioop 51-54
E strand 55-58
EF loop 80-64
F strand 685-74
FGloop 75-81
G strand §2-88
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1 1

Tencon and oither FN3 sequence based libraxies can be randomized at chosen

residus positions using a randora or defined s¢t of amino acids. For example, variants in
the library having random substitotions can be generated using NNK codons, which

encode all 20 naturally occorring amimne acids. In other diversification schemes, DVE
codons can be used to encode anino acids Ala, Trp, Tyr, Lys, Thr, Asn, Lys, Ser, Arg,
Asp, Gly, Gly, and Cys. Alternatively, NNS codons can be used to give rise to all 20
amino acid residues and simultaneously reducing the frequency of stop codons. Libraries
of FN3 domains with biased amino acid disiribotion at positions to be diversified can be
synthesized for example using Slonomics® technology (http: //www_sloning com). This
technology uses a library of pre-made double stranded 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
molecule. The codon designations are according to the well known TUB code.

The FN3 domains specifically binding EGFR or ¢-Met of the wovention can be
isolated by producing the FN3 Bibrary such as the Tencon library using «iv display 1o ligate
DMNA fragments encoding the scaffold proteins to « DNA fragment encoding RepA to
generate a pool of protein-DNA complexes formed after in vitro translation wherein each
protein is stably associated with the DNA that encodes it (U.S, Pat. No. 7,842,476;
Odegrip ef al., Proc Natl Acad Sci U 8§ A 101, 2806-2818, 2004}, and assaying the hibrary
for specific binding to EGFR and/or ¢-Met by any method known in the art and described
in the Example. Exemplary well known methods which can be used are ELISA, sandwich
imnminoassays, and competitive and non-competitive assays (see, ¢.g., Ausubel ef o/, eds,

1994, Current Protocols in Molecular Biology, Vol. 1, Jobn Wi]ey & Sous, Tnc., New
York). The identified FN3 domains specificaliy binding EGFR or ¢-Met are further
characierized for their ability to block EGFR ligand such as EGF binding to EGFR, or
HGT binding to o-Met, and for their ability i inhibit EGFR and/or ¢-Maet signaling using
methods described berein

The FN3 domains specifically binding to EGFR or o-Met of the wovention can be
generated osing any FN3 domain as tcmplals to generate a hbrary and screening the
library for molecoles specifically binding BGFR or ¢-Met using methods provided within,
Exemplar FN3 domains that can be used are the 3rd FN3 domain of tenascin C (TN3)
(SEQ ID NG: 73), Fibcon (SEQ ID NO: 76), and the 10™ FN3 domain of fibronectin
(FN10Y (SEQ 1D NO: 77, Standard cloning and expression techiniques are used to clone the
libraries mto a vector or synthesize double stranded cDMNA casseties of the library, to express,

or to translate the hibvaries im virre. For example ribosome display (Hanes and Phickthun,
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Proc Natl Acad Sci USA, 94, 4937-4942, 19

Natl dcad 501 US4, 94, 12297-12302, 1997}, or ather cell-frec systerns (ULS. Pat. No,

nRNA display {Roberis and Szostak, Proc

5,643,768} can be used. The libraxies of the FN3 domain vaviants may be expressed as fusion
proteins displayed on the surface for example of any soitable bacteriophage. Methods for
displaying fision polypeptides on the surface of & bacteriophage are well known (U5, Pat.
Publ. Ko, 201 1/¢113144; Int. Pat. Publ. No. WO2009/085462; .S, Pat. No. 6,969,108;
U.S. Pat. No. 6,172,197, ULS. Pat. No. 5,223,409; 11.S. Pat. No. 6,582,915; LL.S. Pat. No.
6,472,147

The FN3 domains specifically binding EGFR or ¢-Met of the invention can be
modified fo improve their properties such as improve thermal stability and reversibility of
thermal folding and urdolding. Several methods have been applied fo ncreass the

apparent thermal stability of proteins and enzymes, wcluding ratioral desizn based on

o~

comparison to highly similar thermostable sequences, design of stahilizing disuifide
bridges, mutations to increass alpha-belix propensity, engincering of sali bridges,
alteration of the surface charge of the protein, directed evolution, and coraposition of
consensis sequences {Echmann and Wyss, Qurr Opin Biotechnol, 12, 371-375, 20013,
High thermal stability may increase the yickd of the expressed protein, mnprove solubility
or activity, decrease nnmuonogenicity, and nonimize the need of a cold chain m
manufacturing. Residues that can be substituted to improve thermal stability of Tencon
{(SEQ 1D NO: 1) are residue positions 11, 14, 17,37, 46, 73, or 88, and are deseribed in US
Pat. Publ. No. 2011/0274623. Substitutions cm*rwpo:*dxr‘ff 1o these residues can be
incorporated to the FIN3 domains or the bispecific FN3 domain containing molecules of
the invention.

Another ernbodiment of the invention is an isolaied FM3 domain that specifically
binds BGFR and blocks binding of EGF to EGFR, coraprising the sequence shown in SEQ
D NOs: 18-29, 107-110, 122-137, further comprising substilutions al ous or more residue
posttions corresponding to postitons 11, 14, 17, 37, 46, 73, and 86 in Tencon (3EQ ID NiO;
1}

Another erubodiment of the invention i3 an solated FN3 domain that specifically
hinds ¢-Met and blocks binding of HGF fo ¢-Mgt, comprising the sequence shown in 3EQ
1D NOs: 32-49 or 111-114, further comprising substitotions at one or more residug
positions corresponding to positions 11, 14, 17, 37, 46, 73, and 86 in Tencon (SEQ ID NO:
i

Exemplary substitiitions are substitotions E1IN, EI4P, L17A, E37P, N46V, G73Y
and E80] {(numbering according to SEQ D NO: 1)

36
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In some embeodireents, the FN3 domains of the tovention coraprise substiftitions
corresponding to substitutions LIT7A, N46V, and ER6] w Tencon (SEQ D NG: 1.

The FN3 domains specifically binding EGFR (Figure 1} have an exiended FG
loop when compared to Tencon (SEQ 1D NO: 13 Therefore, the residues corresponding to
i, 14, 17,37, 46, 73, and 86 1n Tencon (SEC 1D NO: 1) are residues 11, 14, 17,

37,46, 73 and 91 in BGFR FN3 domains shown in Figure A and 1B except for the FN3

[y

residuies

domain of SEQ ID NO: 24, wherein the corresponding residues are residues 11, 14, 17, 38,
74, and 92 due to an ingertion of one amine acid in the BC loop.
Another embodiment of the invention is an isolated FN3 domain that specifically
binds EGFR and blocks binding of EGF to EGFR comprising the amino acid sequence
shown in SEQ 1D NOs: 18-29, 167-110, or 122-13
corresponding o substitutions L17A, W46V, and E861 in Tencon (SEQ ID NO: 1)

7
]

, optionally baving substifutions

Another embodiment of the wvenlion is an isolated FN3 domawn that specifically
binds ¢-Met and blacks binding of HGF o c-Met comprising the araine acid sequences
shown in SEQ D NOs: 32-49 or 11 1-1 14, optionally having substitutions corresponding
to substitotions L17A, N46V, and ES6L in Tencon (SEG ID NG: 1},

Measurement of protein stability and protein lability can be viewed as the same or
different aspects of protein integrily. Proteins are sensitive or “labile” to denatoration
caused by heat, by vliraviclet or tonizing radiation, changes 1 the ambient osmolanty and
pH i in liguid solation, mechanical shear force imposed by small pore-size filiration,

0
b
¥

ultraviolet radiation, ionizing radiation, such as by gamma irradiation, chenuical or heat

2
b
¥

dehydration, or any other action or force that may cause protein structure disruption. The

5 5 N

stability of the molecule can be deterodined using siandard methods. For exaraple, the

ot

stability of a nwolecule can be deternined by measuring the thernal melting ("TM™)
teraperature, the tomparatire in © Celsius (°C) at which half of the raolecules become
unfolded, using standard ruethods. Typically, the higher the TM, the more stable the

malecule, Inaddition to heat, the chemical environment also changes the ability of the

protein to maintain a particular three dimensional structure.

In one embodiment, the FN3 domains binding EGFR or c-Met of the invention
exhibit mereased stability by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
S50%, $5%, 60%, 65%, 70%, T5%, 80%, 85%, 20%, or 95% or more compared to the same
domain prior {o engineenng measured by the increase 1w the TM.

Chemical denaturation can likewise be measured by a variety of methods.
Chemical denaturants include guanidinium hydrochloride, guanidinium thiocyanate, urea,

B

acetone, organic solvents (DMPF, benzene, acetonitrile), salts {ammoniun: sulfate, lithium

31



WO 2014/081954 PCT/US2013/071288

broraide, lithwm chioride, sodinim bromide, caleim chioride, sodium chioride); reducing

ageunts (e.g. dithiothreitol, beta-mercaptocthanol, dinitrothiobenzene, and hydrides, such as
sodivm borohydude), nor-tonic and ionic detergents, acids (e.g. hydrochloric acid (HCI),
acetie acid ({CH,COOH), halogenated acetic acids), hydrophobic molecules (o.g
phosopholipids), and targeted denaturants. (ruantitation of the extent of denatoration can
rely on loss of a functional property, such as ability to bind 2 target molecule, or by
physiochemical properties, such as tendency to aggregation, exposure of formerly solvent

maccessible residues, or disruption or formation of disulfide bonds.

In one embodiment, the FN3 domain of the invention binding EGFR or c-Met
exhibit increased stability by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40Y%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%;, 90%, or 95% or raore compared to the same
scatiold prior to engineering, measured by using guanidinium hydrochloride as a chemical
denaturant. Tocreased stability can be measured as 2 function of decreasad trypiophan
fluorescence upon treatment with increasing concenirations of guanidine hydrochloride
using well known methods.

The FN3 domaing of the invention may be generated as monomers, dimers, or

moltimers, for example, as a means to increase the valency and thus the avidity of target

Fe

molecule binding, or to generate bi- or mullispecific scaffolds simultancously binding two
or more different target molecules. The dimers and multimers may be generated by
linking monospecific, bi- or multispecific protein acaffolds, for example, by the inclusion
of an amino acid linker, for example a linker containing poly-glycine, glycine and seri
or alanine and proline, Exemplary linker include (GRS}, (SEQ D NO: 78), (GGGGS)S
(SEQ ID NO: 793, (APR (SEQ ID NO: 80), (AP); (SEQ 1D NG 81}, (AP) o (SEQ ID NOx
823, (AP} (SEQ 1D NO: 83) and A(EAAAKSAAA (SEQ ID NO: 84), linkers. The
dimers and pwiltimers may be linked to each other i an N-to C-divection. The uss of
niaturally ocourring as well as artificial peptide linkers o connect polypeptides inte novel
tinked fusion polypeptides is well known inthe Tterature (Hallewell ef ol J Biol Chem
264, 3260-5268, 1989; Alfthan ef ol Protein Fug. 8, 725-731, 1995; Robinson & Rausr,
Biochemiztry 35, 109-116, 1996; U.S. Pat. No. 5,556,456},
Bispecific agents specifically binding EGFR and ¢-Met
The bispecific agents that specifically bind EGFR and o-Met of the mnvention may

provide a benefit in terms of specificity and reduced off-target toxicity when compared to
small molecule EGFR and/or ¢-Met inhibitors. The present invention is based at least in

he bispecific agents specifically binding EGFR and ¢-

X

part on the surprising finding that t
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Met provide a significantly raproved syoergistic inhibitory effect when compared o a

mture of EGFR-binding and c-Mel-hinding monospecific agends, The molecules may be

o

4

tailored to specific affinily towards both EGFR and ¢-Met fo maximize tumor penstration
and retention. The bispecific agents that specifically bind EGFR and c-Met provide more
efficient whibition of BGFR and/or c-Met signaling pathways and inhibit tumor growth
more efficiently than cetuximab (Brbitox™).

The bispecific agents specifically binding EGFR and ¢-Met may be formed by any
polypeptide or a multimeric polypeptide that comprises ap EGFR binding domain and a ¢-
Met binding domain. The EGFR and the ¢-Met binding donains may b antigen
binding sites of an antibody, a VH/VL pair of an antibody, or another type of bindimg
molecule such as a domain based on fibroneciin type HI (FIN3} domain, a fibronectin type
IX {(FN9} domain, or ary combination thercof,

The EGFR and ¢-Met bindirag polypepiides raay be derived frop existing

o

monospecific BGFR and c-Mel binding polypeptides or may be isolated de nove.

Bispecifie EGFR/¢/Met FN3 domais containing molecndes

One embodiment of the invention is an isolated bispecific FN3 domain containmg
molecule comprising a first fibronectin type IH {(FN3} domain and & second FN3 domain,
wherein the first FN3 domain specifically binds epidermal growth factor receptor (EGEFR)
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 (HGEF) to o-Met.

The bispecific EGFR/c-Met FN3 dormain containing molecules of the invention
may be generaied by covalently linking any EGFR-binding FN3 domain and any ¢-Met-
hinding FN3 domain of the irvention directly or via a linker. Theretore, the st FN3
domain of the bispecific molecule may have characteristics as described above for the
EGFR-hinding FM3 domaius, and the second FN3 domain of the bispecific molecule may

ave characteristics as described above for the o-Met-binding FN3 doroains,

et

In one embodiment, the first FN3 domain of the bispecific EGFR/c-Met FN3
domain coniaining molecule mhibits EGF-induced EGER phosphorylation at EGFR

3

residhie Tyrosine 1173 with an {Csy value of less than about 2.5x107° M when measored in
A431 cells using 3¢ ng/ml human EGF, and the second FN3 domain of the bispecific
BEGFR/e-Met FN3 domain containing molecule inhibits HGF- mmduced c-Me
phosphorylation at ¢c-Met residue Tyrosine 1349 with an ICs, value of less than about

1.5x10°° M when measured in NCI-H441 cells using 160 ng/mL human HGF.
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Inanother embodiment, the first FN3 doraain of the bispecific EGFR/c-Met FN3
domain coniaining molecule inhihits EGF-induced EGFR phosphorylation at EGFR
sidue Tyrosine 1173 with an ICso value of between about 1.8 x 107 M to about 2.5x1¢°

i1
H
1

M when measured 1 A431 cells using 58 ng/ml human EGFE, and the second FN3 domain
of the bispecific BEGFR/c-Met FN3 domain contaiming molecole inhibits HGF- mdoced o-
Met phosphorylation at ¢-Met residue Tyrosine 1349 with an {Cs, valae between aboud
4x107° M to about 1.5x10° M when measured in NCI-H441 cells using 100 ng/mL human
HGF,

In another embodiment, the first FN3 domain of the bispecific EGFR/c-Met FN3

eSS

.
H
H

domain comtaining moleculs binds miman EGFR with a dissociation constant (Kp) of
than about 1x10° M, and the seeond FIN3 doreain of the bispecific EGFR/c-Met FN3
domain comtaining moleculs binds miman o-Met with & Kp of less than about 3 210 M,

In the bispecific molecule binding both EGER and o-Met, the firsi FN3 domain
binds human EGFR with a Kp of between ahout 2x 107 1o about 1x10™7 M, and the second
FN3 domain binds human o-Met with a Kp of between about 3x167° {0 about 5 x 107 M.

The affimty of the bispecific EGFR/c-Met molecule for EGEFR and ¢-Met can be
determuned as described above for the monoespecific molecules.

The first FN3 domain in the bispecific EGFR/c-Met molecule of the invention
may biock BGF binding to EGFR with an IC. value of between about 13167 M o about
1.5x107 M in an assay employing A431 cells and detecting the amount of fluorescence
from bound biotinylated EGF using streptavidin-phycoerythrin conjugate at 600 nM on
A431 cells incubated with or without the first FN3 domain. The first FN3 domain in the
hispecific BEGFR/c-Met molecule of the invention may block EGF binding to the EGFR by

at least 309, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% when compared to binding of EGF

to EGFR o the absence of the fust FN3 domains using the same assay condilious.

The second FN3 domain W the bispecific EGFR/c-Met molecule of the invention
may biock HGF binding to o-Met with an ICs value of between about 2x L% M i about
6x10™ M in an assay detecting inhibition of binding of biotinylated HGF 1o ¢-Met-Fo
fusion protein in the presence of the second FN3 domatn. The second FN3 domain in the
hispecific BEGFR/c-Met moleoule muay block HGYE binding to c-Met by at teast 36%, 35%,
43%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, B0%, 85%, 90%, 91%, 923, 93%, 94%,
95%, 96%, 97%, 98%, 989% or 140% when compared to binding of HGF to ¢-Met in the

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

o
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The bispecific EGFR/e-Met molecule of the invention ruay inbibid EGFR and/or ¢-
Met signaling by at least 3056, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 86%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or [00% when corparad
1o the level of signaling in the absence of the bispecific EGFR/c-Met molecule of the
mvention using the same assay conditions.

EGFR and c-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 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 c-Met signaling and

&

.
H
i

umor ceil proliferation when compared to the synergistic inbibition observed by a mixture

of the first and the second FN3 domain. Synergistic irhibition can be assessed for
example by measuring inhibition of ERK phosphorylation by the bispecific EGFR/c-Mct
FN3 domain containing molecules and by a mixtuee of two monospecific molecules, one
binding EGFR and the other c-Met. The bispecific EGFR/c-Mct molecules of the
mvention may mwhibit ERK phosphorylation with an at fcast aboot 18¢ fold smaller, for
example at least 300, 1600, 5000 or 10,000 fold smaller ICs, valie when compared to the
1Cqe value for a mintore of two monospecific FN3 domains, indicating al least 100 {old
increased potency {or the bispecific EGFR/c-Met FN3 domain contamning molecules when
compared to the mixture of two monospecific FN3 domains. Exemplary bispecific EGFR-
c-Met FN3 domain containing moleciles may inhibit ERK phosphorylation with and 1Cs

value of about 5x107 M or less. FRK phosphorylation may be measured using standard
methods and methods described berein,

The bispecific EGFR/c-Met FN3 doreain containing molecule of the invention
may irdibit NCI-H292 cell proliferation with an ICs value that is at least 30-fold less
when compared o the I0sgvaloe of inhibition of NCI-HIZ92 cell growth with a muixture of
the first FM3 domain and the second FN3, wherein the cell proliferation is induced with

edium containing 10% FBS supplemented with 7.5 ng/ol HGE. The bispecific
molecule of the mvention may inbibit tumor cell proliferation with an ICs vahie that is
about 30, 40, 50, 60, 70, 80, 90, 10¢, 150, 200, 300, 400, 500, 600, 700, 800, or about
ell

proliferation

X

1608 fold less when compared to the ICs value of inhibition of tumor cel
with a mixture of the first FN3 domain and the sccond FN3 domain. Inhibition of tumor
cell proliferation may be measured using standard methods and methods described herein.
Another embodiment of the invention is a bispecific FN3 domain containing

molecule comprising a first fibronectin type HI (FN3) domain and a second FIN3 domain,
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wherein the first FN3 domain specifically binds epidermal growth factor receplor (EGFR)
and blacks binding of epidermal growth factor (EGF) to EGFR, and the second FMN3
domain specifically binds hepatocyte growth faclor receptor {c-Met), and blocks binding
of hepatocyie growth factor (HGF) (o o-Met, wheremn
the first FN3 domam comprises
an FG loop comprising the sequence HNVYEDTNXGRGL (SEQ 1D NO: 179)
or the sequence LGSYVFEHDVML (SEGQ 1D NG: 180), wherein Xois M or &
and
a BC loop comprising the sequence X XXX X XX (SEQ 1D NG: 181),
wherein
X8 A, T, Gor T
X8 A, DY or W
X1 P, Dor
Xs1g L or absent;
XD, H, R G Y or W
X1 G, Bor A
Xy AF, G Hor I and
Xeis Y, ForL;and
the second FN3 domain comprises
a € strand and a D loop comprising the sequence DSFXJRY X E
XX 32X 142%0:6X 4 (SEQ ID NO: 184), wherein
Xisls W, ForV;
XD Fork,
XpisV, Fork,
XV, Lor T
XuisV, R G L, Tors,
Xiis G, S, A, Tor K; and
Xigis EorI¥ and
a F strand and a FG loop comprising the sequence TEY X7 VXX 10XV
KGGX X0 8X,: (SEG 1H NO: 185), wherein
Xpis Y, W LV, Gor A;
XpisMN, T.Qor G
Xpisl, M, Nork
XppisGor S

XasS, LG Y. T,R HorK;
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Kapis D, Vo L and
XpisV, T,H,LP, YorL.
Inanother embodimend, the bispecific molecule comprises the first FN3 domain

that binds EGFR compnising the sequence:

LPAPENLVVEEVTEDSLRLESWX, XX X X X2 XDSFLIQYQESEKVGEAINLTVP
GSERSYDLTGLKPGTEYTVSIYGVHNVY EDTNXGRGE PLSAEFTT (SEQ IDKNO:

1823, or the sequence

LPAPKNLVVSEVTEDSLRLSWX XXX OGRS X DSFLIQYQESEKVGEAINLTVE
GSERSYDLTGLEKPGTEYTVSIVGVY LGSYVFEHDVMLPLSAEFTT (REQ 1D NOG:
183},
wherein ia the SEQ 1D NOs: 182 and 183;

XA, T, Gor Iy

X AL DY or W,

X1 P, Dor I

X418 L or absent;

XD H R G Y or W

Xe1s G, Bor A

X AF, G Hor Iy

XgisY,ForL;and

XoiwMorl.

In another embodiment, the bispecific molecule comprises the second FN3 domain
that binds c-Mot comprising the sequence
LPAPKNLVVSRVTEDSARLAWTAPDAAF DRFXGIRY X E XX 13X 14X :GX
AIVLTVPGSERSYDLTGLEPG TEY X VXl X 19X 0o VKGGX 11 X3 X PLSAEFTT
(SEQ ID NG: 188),
wherein

Xipis W, ForV; and
XpisD, ForL:
XopsV, Forks
XpnV, Lo T

Xais V,RRG L, TorS;
Xiais L 80 A, Tor K
Xiis BEor Dy
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XpisY, W, LV, Gor A
HipisMN, T, Qor(
Xoist,M,Nork
XugisGor§;

XasS, LG Y, TR HorK;
Kpisl, VorL; and

XpisV, T,H, LP Viforl.

Exemplary bispecific EGFR/c-Met FN3 domain containing molecules comprise
the amino acid sequence shown in SEQ D NOs: 50-72, 106, 118-121, or 138-167.

The bispecific EGFR/c-Met molscules of the invention conpuse certain siructural
characteristics a ated with their functional characteristics, such as inhibition of EGFR
autophosphorylation, such as the FG loop of the first FN3 domaix that binds EGFR
comprising the sequence HNVYKDTNXRGL (SEQ 1D NO: 179} or the sequence

LGSYVEFEHDVMLU (SEQ 1D NG: 180), wherein Xpis M ot L

In one embodiment, the bispecific EGFR/c-Met FN3 domain containing wolecules
of the vention

mthibit EGF-induced BEGFR phosphorylation at EGFR residues Tyrosine 1173
with an §Cqg valuoe of less than about 82107 M when measured in H292 cells using 50
ng/mb human EGE;
nhibit HGF-induced c-Met phosphorylation at e-Met residue Tyrosine 1349 with an ICs
value of less than about 8.4x107 M when measured in NCI-H441 cefls using 100 ng/mkL
rman HGF;

inhibit HGF-induced NCI-H292 cell proliferation with an 1CUs, value of less than
about 9.5% 167°M wherein the cell profiferation is induced with 10% FRS containing 7.5 ng
HGF

bind EGFR with a Kp of less than about 2.0% 107 M: or

bind o-Met with a Kp of less than about 2.0x L0 M.

In another embodiment, the bispecific EGFR/c-Met FN3 domaim containing
molecules of the mvention
mhibit EGF-induced EGFR phosphorylation at EGFR residues Tyrosine 1173 with and

VG el
x./ il

056 of between abowt 4.2x107 M and 52107 M when measured in H29

ng/mb human EGF;

3%
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whibit HGF-induced ¢-Met phospborylation at o-Met residucs Tyrosing 1349
with an ICsq valus of between about 2.4%10°° M to about 8.4x107 M when meeasured
NCE-H441 cells using 100 ng/wl hurnan HGF;

inhibit HGF-induced NCI-H292 cell proliferation with an [Csp value between
about 2.3x10° M to about 9.5x10°M wherein the cell proliferation is induced with 16%
FBS contamng 7.5 ng HGE;

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

bind c-Met with a Kp of between about 1x1¢7 M to about 2.0x107 M.

In one embodiment, the bispecific EGFR/c-Met molecules comprise the EGFR-
binding FIN3 domain comprising the sequence
LPAPKNLVVSEVTEDSLRLSWX XX XX XX DAFLIQYQESEKVGEAINLTVP
GSERSYDLTGLEPGTEYTVSIYGV HNVYKDTNXRGL PLSAEFTT (SEQ ID NO:
1823, wherein

Xy

Xyis Iy

Xs18 P

X, 1s absent;
XKoas Hor W,
Xeis A

X718 F

Xei1s Y; and
Xois Morl; and

the c-Met-binding FN3 domain comprising the ssquence
LPAPKNLVVSRVTEDSARLAWTAPDAAF DSFXIRYXGE XX 3 X 14X :GX e
AIVETVPGSERSYDLTGLEKPG TEYX VX oI X o Xao VK GGX G X R X0 PLSAEFTT
(SEQ ID NG: 188),
wherein

Xipis Wi
XpisF
X8|
Xp1sVork
XaisGor S
Xiis Sor K
Xiis BEor Dy
Xipis Vs
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Xigis N
Higis L oorM;
XypisGorS;
Xy isSork;
Kypis i and

Xij 18 P,

Exemplary bispecific EGFR/¢-Met molecules are those having the sequence
shown in SEQ 1D NOs: 57, 61, 62, 63, 64, 65, #6, 67 and 68,

The bispecific molecules of the invention may further comprise substitutions at
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 in Tencon (SEQ ID NO: 1) as
described above, and a substitution at position 29, Exemplary substitutions are
substitutions EUIN, E14P, Li7A, E37P, N46V, (373Y, E861 and D29E {oumbering
according to REQ D NO: 1), Skilled 1o the art will appreciate that other amino acids can
be used for substitutions, such as amino acids within a family of anuno acids that ate
related m their side chains as described infie. The generated vanants can be tested for
their stability and binding (o EGFR and/or o-Met using methods herein,

In one embodiment, the bispecilic EGFR/c-Met FN3 domain containing molecule
compnises the first FN3 domain that binds specifically EGFR and the second FMN3 domain
that binds specifically c-Met, wherein the first FN3 domain comprises the sequence:
LPAPKNEVVEX 0 VTIX DS X0 RLSWDDPX 5 AFY X SFLIQY QX SERVGEATX LT
VPGSERSY DLTGLKPGTEY TVSIY 2G5, VHRNVY KD TNX L RGLPLSAGFTT (SEQ ID
NO: 1873, wherein
XaqisE, NorR;

XssisEor P
Kagis Loor A;
Koris Hor W,
Kosis Eor I
Kogis Ear Py
XypisNor'V;
XpisGory,
Xpis Mor kb and
XypisEor;

and the second FN3 domain comaprises the sequence:
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LPAPENLVVEX VT X D2GRLAWTAPDAAFDSFWIRY FX a7 F X X0 Xa0olGXa: ALK
LIVPGRERSYDLTGLKPGTEYVVNEX X VEGGX GISPPLS AKX FTT (SEQ ID NGy
188); wherain
Xius E, NorR;
XpisEor Py
Kygis Lor A
XsrisEor By
XxisVorlk;
XpisGorS;
XpisSor K;
XpgisEor Dy
XpisMorV;
Nazis Loor M;
XuisGory
Xasis S or K and
XysisEor L
In other embodiments, the bispecific BEGFR/c-Met FN3 domain containing
molecule comprises the first FN3 domain comprising an amine acid sequence at least
87%, 88U, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 89% identical to

the amino acid sequence of SEQ 1D NO: 27, and the second FN3 domain comprising an

anning acid sequence at least 83%, 84%4, 85%;, 86%, 87%, 88%, 89%, 90%, ©1%, 92%,
9354, 94%, 93%, 96%, 97%, 98% or 9% identical to the amino acid sequence of SEQ 1D
NO: 41

The bispecific EGFR/c-Met FN3 dormain containing molecules of the invention
may be tatlored to a specific affinity towards EGFR and c-Met to maximize tumor
accumulation,

Another erabodiment of the invention is an solated bispecific FN3 domain
cordaining molecule coraprising a fust Gbronectin type HE {(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 domam specifically binds hepatocyie growth factor recepior (C—Mei), and
blocks binding of hepatocyte growth factor (HGF) to ¢-Met, wherein the first FN3 domain
and the second FN3 domain 1s isolated from a library designed based on Tencon sequence

of SEQID NO: 1.
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The bispecific EGFR/c-Met FN3 domain containing molecule of the invention can
he generated by covaleutly coupling the EGFR-binding FN3 domain and the c-Met
binding FN3 domain of the invention using well known roethods. The FN3 domaing may
be linked via a linker, for example a linker contwining poly-glyeme, glyome and serine, or
alanine and proline. Exemplary hinker melude (GS),, (SEQ D NO: 783, (GGGGS): (S3EQ
D NO: 793, (APY, (SEC ID KO: 80), (AP (SEQ D NG: 81), (AP o (SEQ 1D NG 82,
{APhe (SEQ D NO: 83), A(EAAAKRAAA (SEQ ID NO: 84), linkers. Theuse of
naturally ocowrring as well as artificial peptide linkers o connect polype pndes into novel
tinked fusion polypeptides is well known in the literature (Hallewell ef /., J Biol Chem
264, 5260-5268, 1989; Alfthan ef o/, Protein Fng 8, 725-731, 1995; Robinson & Sauer,
Biochemistrv 35, 109-116, 1996; 1.5, Pat. No. 5,856,456}, The bispecific EGFR/c-Met
molecules of the invention may be linked together from a C-tevminus of the firgt FN3
doraain to the N-terminus of the second FIN3 doraain, or from the C-terminus of the
second FN3 domain to the N-tenminus of the first FN3 domain. Any BEGFR-binding FM3
doraain may be covalently binked fo a o-Met-hinding FN3 dowmain. Excmiplary EGFR-
binding FN3 domains are domains having the amino acid seguence shown in SEQ D
NOs: 18-29, 107-110, and 122-137, and exemplary ¢-Met binding FN3 domains are
domains having the amino acid seguence shown n SEC D NQOs: 32-49 and 111-114. The

R-binding FN3 domains o be coupled to & bispecific molecule may additionally
comprise an initiator methioning (Met) at their N-terminus,

Variants of the bispecific EGFR/c-Met FN3 domain containing molecules are
within the scope of the mvention. For example, substitutions can be made in the bispecific
EGFR/e-Met FN3 domain containing raoiecule as jong as the resulting variant retains
sunilar selectivity and potency towards EGFR and c-Met when corapared to the parerd
molecule. Exemplary mwoditications are for example conservative substitutions that will
result in variants with similar characteristics 1o those of the parent molecules
Conservative substitutions are those that take place within a farmly of anuine acids that are

related in their side chains. Genetically encoded amine acids can be divided into four
fammbies: (1} acidic (aspartate, ghitamate); (2} basic (lysine, argining, nstidine); {33
nonpolar (alanine, vabing, leucine, isoleucing, proline, phenylalamine, methioning,
tryptophan); and (4} uncharged polar (glycine, asparagine, glutamne, cysteine, serine,
threonine, tyrosine). Phenylalanine, ryptophan, and tyrosing are sometimes classified
jointly as aromatic amine acids. Allernatively, the amino acid repertoire can be grouped

as (1) acidic (aspartate, glitamate}); (2} basic {lysine, arginine histidine), {3} aliphatic

{glycine, alanine, valine, leucine, isoleucing, serine, threonine), with serine and threonine
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optionally be grouped separately as aliphatic-hydroxyl; (4) aromatic (phenylalaning,

tyrosine, tryplophany; (3) amide (asparagine, ghutamine); and {6) sulfur-contalning

{cysteine and methionine) (Stryer {ed. ), Biochernisiry, 2od ¢d, WH Freernan and Co.,

1981}, Non-conservative sabstitutions can be made to the bispecific EGFR/c-Met FN3
domnain containing molecule that mvolves substitutions of amino acid residues belween
different classes of amino acids to improve propertics of the bispecific molecules.
Whether a change m the amino acid sequence of a polypeptide or fragment thereof results

1
b
¥

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

2

polypeptide or fragment using the assays deseribed herein, Peptides, polypeptides or

The bispecific EGFR/c-Met FN3 domain cordaining molecules of the invention
may be generated as dimers or raultineers, for example, as a means to increase the valency
and thus the avidity of target ranlecule binding. The multiaers may be generated by
Iinking one or more EGFR-binding FN3 domain and one or more o-Mcet-binding FN3
domain to form molecudes comprising at least three mdividoal FN3 domains that are at
least bispecific for cither EGFR or ¢-Met, for example by the mclusion of an amino acid
finker using well known methods,

Another embodinient of the invention is a bispecific FN3 domain containing
molecule comprising a first fibronectin type 11 (FN3} domain and a second FN3 domain,
wherein the {irst 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 hepatocym growth factor receptor {c-Mst), and blocks binding
of hepatocyte growth factor (HGF) to ¢-Met coraprising the araino acid sequence shown in

SEC D NOs: 56-72,106 or 138-165,

Halflife extending meoieties

The bispecific EGFR/c-Met FN3 domain contamning molecules or the
monospecific EGFR or o-Met binding FN3 domains of the invention may incorporale
other subunits for example via covalent interaction. In one aspect of the invention, the

hispecific EGFR/c-Met FIN3 domain containing molecules of the invention further

s

comprise a half-life extending moiety. Exemplary half-life extending moicties are

albumin,albumin variants, albumin-binding proteins and/or domains, transterrin and
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fragments and analogues thereof, and Fe regions. Ao exemplary albumin-binding domain
1§ shown in SEQ TDNO: 117,

1

All or a portion of an auntibody copstant region raay be attached to the nolecules
of the invention to impart autibody-like propertics, cspccizﬁiy those properties associated
with the Fe 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

1)
i
X

for these activities {for review; see Strohl, Curr O_,f?fl‘l Biotechnol 20, 685-691, 20093,

Additional moictics may be incorporated into the bispecific molecules of the

mvention such as polyethylene glycol (PEG) molecules, such as PEGS600 or PEG20,000,

.
H
e

fatty acids and fatty acid esters of different chain longths, tor example laurate, nwyristate,

stearate, arachidate, behenate, oleate, arachidonate, octanediois acid, feiradecancdioic acid,
octadecanedioic asid, docosanedioic acid, and the like, polylysine, octane, carbohiydrates

(dextran, cellulose, oligo- or polysaccharides) for desired properties. These moicties may
be direet fusions with the protein scaffold coding sequences and way be generated by
standard cloning and expression techniques. Allernatively, well known chemical coupling

methods may be used to attach the moicties to recombinantly produced molecules of the

invention,
A pegyl molety 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

molecule and attaching a pegyl group to the cysteine using well known methods,
Excmplary bispecific molecules with the C-terminal cysteine are thoss having the amino
acid sequence shown in SEQ IN NO: 170-178.

Maonespecific and bispecific raolecules of the jnvertion incorporating additional
meicties may be compared for functionality by several well known assavs, For exaraple,
altered properties of monospecific and/or bispecific molecules due to incorporation of Fe

dowmains and/or Fe domain vartands may be assayed i Fe receptor binding assays using

(i

sotuble forms of the receptors, such as the FoyRE FoyRY, FoyRIH or FeRa receptors, or
using well known cell-based assays measuring for example ADCC or CDC, or evaluating

1
b
¥

pharmacokinetic properties of the moleaules of the invention in in vive modgls,
Polynuclestides, vectors, host celis
The invention provides for pucleic acids encoding the EGFR-binding or ¢-Met

hinding FN3 domains or the bispecific EGFR/c-Met FN3 domain containing rmolecules of
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the invention as

isolated polynucicotides or as portions of expression vectors or as portions
of linear DNA sequences, including hinear DNA sequences used for in vitro
transcription/translation, vectors compatible with prokaryotic, eukaryotic or famentous
phage expression, secrelion and/or display of the composibons or directed mutagens
thereof. Certain exemplary pelynucleotides are disclosed heremn, however, other
polymcleotides which, given the degeneracy of the genetic code or codon preferences i a
given expression systerm, encode the EGFR-binding or ¢-Met binding FN3 domains or the
bispecific BGFR/c-Met FN3 domain containing moleciles of the invention are also within

the scope of the invention.

2

One embodiment of the invention 1s an isolated polynucleotide encoding the FN
doreain specifically binding EGFR having the amino acid ssquence of SEQ 1D NOs: 18-
29, 107-110, or 122-137.

One embodiment of the invention is an isolated polynucleciide comprising the
palyruclteotide sequence of SEC D NOs: 97-98 or 168-169,

One embodiment of the invention is an isolaied polynucleciide encoding the FN3
domain specifically binding ¢-Met having the anmino acid sequence of the sequence shown
n SEQ D NOGs: 32-49 or 111114,

One embodiment of the invention is an isolated polynuclestide encoding the
bispecific EGFR/-c-Met FN3 domain containing molecule having the amino acid sequence
of BEQ HD NQGg: 5¢-72, 106, 118-121 or 138-165.

One embodiment of the invention is an isolated polynucleotide comprising the
polynucleotide sequence of SEQ IDNOs: 115-116 or 166-167.

The polynucleotides of the invention may be produced by cherical synthesis such
as solid plass polynuclectide synthesis on an automated polymucleotide synthesizer and
ied into complete single or double stranded molecules. Allernatively, the
polynucleotides of the avention may be produced by other techniques such a PCR
followed by routine cloning. Technigues for producing or ohiaining polyrucleotides of a
given known sequence are well known in the art,

The polynucieotides of the invention may comprise at least one non-coding
sequence, such as a promoter or enharicer sequence, intron, polvadenylation signal, a cis

sequence facilitating RepA binding, and the like. The polynuocleotide sequences may also
corprise additional sequences encoding additional amine acids that encode for example a
marker or a tag sequence such as a histidine tag or an HA tag to facilitate purification or
detection of the protein, a signal sequence, a fusion protein partner such as RepA, Fc oy

bacteriophage coat protein such as pIX or pliil.
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Another erahodiment of the invention is a vector comprising al least on
polynucleotide of the tovention. Such veciors may be plasnid vectors, viral vectors,
vectors for baculovirus expression, ransposan based vectors or any other vector suitable
for introduction of the polynucleotides of the mvention into 3 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 permit 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 polypeptides in a given expression system.
Such expression systems may be cell-based, or cell-free systems well known in the art.

> ¢8)
XD
X

Another embodiment of the invention is a host cell comprising the vector of the
mvention. A monospecific EGFR-binding or c-Met binding FN3 domain or the bispecific
BEGFR/e-Met FN3 domain containing molecale of the invention can be optionally
produced by a cell line, a ouixed celf line, an omortalized cell or clonal population of

1
1
21

Hs, as well known in the art. See, o.g., Ausubel, ef o/, od., Current

Ses
Protocols in Molecalar Biology, John Wiley & Sons, Inc, NY, NY (1987-2001 );
A

mnmortalized ¢
Sanibrook, ef al., Molecular Cloning: A Laboratory Manual, 2" Edition, Cold Spring
Harbor, NY (1989); Harlow and Lane, Antibodics, 2 Laboralory Manual, Cold Spring
Harbor, NY (19%9); Colligan, f @/, ¢ds., Current Protocols in Irmmaunclogy, Jobn Wiley &
Sons, Inc., NY (1994-2001); Colligan ef /., Cuormrent Protocols in Protein Science, John
Wiley & Sons, NY, NY, {1997-2001},

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,
mycioma, lymphoma, yeast, insect or plant cells, or any derivative, immortalized or

wransformed cell thereof. Alternatively, the host cell may be selected from a species or

.
H
i

organisit jncapable of glycosylating polypeptidss, ¢.g. a prokaryotic cell or organisrg,
uch as BL2T, BL2I(DE3), BL21-GOLD(DE3), XL1-Blue, IM109, HM
HMS174(DE3), and any of the natural or engincered F. coli spp, Klebsieila spp., ot
Fseudomonas spp strains.

Anotber erabodiment of the invention is a method of producing the solated FN3
dowmain specifically binding EGFR or ¢-Met of the invention or the isolaled bispecific
EGFR/c-Met FN3 domain containing ranlecule of the invention, comprising culturing the

1solated host cell of the mvention under conditions such that the isolated FN3 domain
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specifically binding EGFR or ¢-Met or the isolated bispecific EGFR/c-Met FN3 domain

cortaining molecule is expressed, and punfying the domain or wolecule.

The FN3 domain specifically binding EGEFR or ¢-Mect or the isalated bispec
EGFR/c-Met FN3 domain containing molecuale of the mvention can be purified from

51
i~

recombinand cell cultures by well-known methods, for example by protein A punification,
ammoniun silfate or ethanol precipitation, acid extraction, anion or cation exchange
chromalography, phosphocellulose chromatography, hydrophobic interaction
chromalography, affinity chromatography, hydroxylapatite chromatography and lectin

chromalography, or high performance liquid chromatography (HPLC).

Bispecific EGEFR/e-Met antibodies

The bispecific EGFR/c-Met artibodics may be generated de novo or muay be
engincered frorn existing monospecific anti-EGFR and anti-c-Met antibodies

Excraplary anti-EGFER antibodies that may be used 1o engineer bispecific
molecules are for example panituowmab (ABX-EGF), nimotuzumab, necitunwmab,
matuzwrnab, and those deseribed for example in: U.S. Pat. Mo, US7,595,378, ULS. Pat. No.
US7,247,301, U5, Pat, Publ, No, US2011/0256142, U.S. Pat. No. USS,891,996, U.S. Pat.
No. USS§,212.290, ULS. Pal. No, US5,558.864, or U.5. Pat. No. US7,588,188, For

example, antthody VH domain having the amino acid sequence shown in SEQ D NO: 159
or 191 and antibody VL domain having the amino acid sequences shown in SEQ D NOG:
196 or 192 may be used.

Exemplary anti-c-Met antibodies that may be used to engineer bispecific

.
HE
i

molecuies are for example Riloturaumab, Onartuzumab, Ficlatuzuaab, and those
described for example 1o PCT Indl. Publ. No. WO201 1/110642, 1S Pat. Publ. No.
UR2004/0166544, PCT Totl. Publ. No. WO20065/016382, or PCT Intl. Publ. No.
WO2006/31537 1. For example, antibody VH doraain having the amino acid sequence
showr 1o SEG D NMG: 193 or 195 and antibody VL domain baving the amino acid

hight chain

sequences shown in SEQ ID NG 194 or 196 may be used. The heavy and lig
amino acid sequences of the antibodies identified by their United States Adopted Names
{(USAN} 1s available via the American Medical Association at hitpy// www_ama-assn_org
or via the CAS registry.

Monospecific EGFR and o-Met biding vanable domains may be selected de nonvo
from for example a phage display library, where the phage is engingered to express human

mmmonoglobuling or portions thereof such as Fabs, single chain antibodics (seFv}, or

vmpaired or paired antibody variable regions {Knappik 7 /., J Mol Biol 296:57-86, 200¢;

N
~-}
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Krebs ef o, § omunol Meth 254:67-84, 2001; Vaughan ef ¢f, Nature Biotechnology
14:309-314, 1996; Sheats ef of, PITAS (USA} 95:6157-6162, 1998; Hoogenboom and
Winter, J Mol Biol 227:381, 1991; Marks ef of., J Mol Biol 222:581, 1991), and
sibsequently engineered wto a bispecific format. The monospecific EGFR and ¢-Maet
binding vanable domains may be 1solated for example from phage display libraries
expressing anlibody heavy and light chain variable regions as fusion proteins with
bacteriophage plX coat protein as described in Shi ef af (2010)./. Mol Biol 397:385-96
and PCT Intl, Publ. No, WO09/085462), The antibody libraries are screened for binding
10 human EGFR or ¢-Met extracelhilar domains and the obtained positive clones are
further characterized and the Fabs isolated from the clone lysates. Such phage display
methods for isolating human auntibodics are established w the art. See for example: TS
Pat. No. 5,223,409; US Pat. No. 5,403,484; and UUS P
5,427,908, US Pat. Mo. 5, 580,717, US Pat. No. 5,9¢

No. 3,883,793; US Pat. No. 6,521,404; US Pat. No.

i No. 5,571,698, IS Pat. No.
19, 108, US Pat. No. 6,172,197, US Pat,
6,544,731; US Pat. No. 6,5355.313; US
Pat. No. 6,582,915 and US Pat. No. 6,593,081, The obfained de nove variable regions
binding EGFR or ¢-Met are enginecred 1o bispecific formats using the methods deseribed

herein.

Bispecific antibody formats

Aniibodies of the present invention have two or more antigen binding sites and are
bispecific. Bispecific antibodies of the invention inchude antibodies having a full length
antibody structure.

“Full length antibody™ as used herein refers to an antibody baving two full length
antibody heavy chains and two full length antibody light chains. A full length antibody
heavy chain (HC) congists of well known heavy chain variable and constant domaing VH,
CHI, CH?, and CH3. A full length antibody light chain (L) consists of well known hight
chain vartable and constant domains VE and CL. The full length antibody may be lacking
the C-termmnal fysine (K) 1n either one or both heavy chains.,

The term "Fab-armi" or “half molecule” refers to one heavy chain-light chain pair
that specifically binds an antigen,

Full length bispecific antibodies of the invention may be generated for exaniple
using Fab arm exchange {or half molecule exchange) between two monospecific bivalent
antibodies by introducing substitutions at the heavy cham CH3 interface in each half

moleculs to favor heterodiner formation of two antibody half ranlecules having distinet

4%
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specificity ¢ither in vitro 1o cell-free envitonment or using co-expression, The Fab arm
exchange reaction is the result of a disulfide-boud 1somerization reaction and dissociation-
association of CH3 domains, The beavy- chain disulfide bonds in the binge regions of the
parent monospecific antibodies are reduced. The resoling free cysteines of one of the

parent monospecific antibodies form an inter beavy-chamn disulfide bond with cysteine

[l

esidies of a second parent monospecific antibody moleaule and simultaneously CH3
domains of the parent antibodies release and reform by dissociation-association. The CH3
domains of the Fab arms may be engincered to favor heterodimerization over
homodimerization. The resulting product i3 a bispecific antibody having two Fab arms or
half molecules which each bind a distinct epitope, 1.e. an epitope on EGFR and an epitope
on c-Met.

"Homodimerization” as used herein refers to an interactior of two heavy chains

'!J

having Wdentical CH3 arnine acid sequences. “Horodiner” as used herein refers fo an
antibody having two heavy chains with identical CH3 araine acid sequernces,

“Heterodimerization” as used herein refers to an interaction of two heavy chaios
having non-identical CH3 aminoe acid sequences. “Heterodimer” as used hercin refers o
an anibody having two heavy chains with non-identical CH3 amino acid sequences.

The “knob-in-hole” stralegy (see, ¢.g., PCT Intl, Publ. No. WO 2066/028936) may
be used o generate fill length bispecific antibodies. Briefly, selected amino acids forming
the interface of the CH3 domains in human [g( can be mutated at positions affecting CH3
domain interactions to promote heterodimer formation. An aniino acid with a small side
chain (hole) is introduced into a heavy chain of an antibody specifically binding a first
antiger and an amino acid with 2 large side chain (kuob) is introduced jnto a hweavy chain
of an antibody specifically binding a sccond antigen. After co-expression of the two

antibodics, a heterodimer is tormed as a result of the prefercutial interaction of the heavy

chain with 2 “hole” with the heavy chain with a “knob”. Exemplary CH3 substitution
pairs forming a knob and a hole are (expressed as ywodified position inthe first CH3
domain of the first heavy chain modified position i the second CH3 doraain of the
second heavy chain): T366Y/F405A, T366W/F405W, FA0SW/Y407A, T394W/Y407T,
T3R45/YA0TA, T366W/T3945, FAOSW/T3848 and TI366W/T3668 L368A Y407V,

Other strategies such as promoting heavy chain helerodimernization osing
electrostatic inleractions by substitoting positively charged residues at one CH3 surface
and negatively charged residues at a second CH3 surface may be used, as described in US
Pat. Publ. Mo, US2010/0015133; US Pat. Publ. No. USZ009%/0182127; US Pat. Fubl. No.
US2010/628637 or US Pat, Publ. No, 1JS2011/0123532, In other strategies,

49
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heterodimerization raay be promoted by following substitutions {expressed as modified
position w the first CH3 domain of the first beavy chain/ modified position in the second
CH3 domain of the second heavy chain): L3STY _F405 15;_‘1"407‘\/;"T394W,
T3661 K392M T394W/F405A Y407V, T3661L K392M T394W/F405A Y407V,
L351Y _Y40T7A/T366A K409F, L351Y Y40TA/T366V _KA409F, YA40TA/T366A K4G9F,
or T350V _L351Y F405A Y407V/T350V _T366L K3921. T394W as described n U.S.
Pat. Publ. Mo, US2012/0149876 or U.S. Pat. Publ. No. USZ013/0195849

In addition to methods described above, bispecific antibodies of the mvention may

1

be generated in vitro in a cell-free environment by itroducing asymimetrical mutations in
the CH3 regions of two monospecific homodimeric antibodies and forming the bispecific
beterodimeric antibody from two parsnt monospecific homodimeric antibodies in reducing
comditions fo allow disulfide bond isomerization according to metbods described

Jutl. Pat. Publ. No. Wi32011/131746. In the methods, the first monospecific bivalent
antibody (e.g., anti-c-Mel antibody) and the second monospecific bivalent antibody {e.g.,

i

= pertain subsituiions at the CH3 domain tha

<
e
=
<
I

anti-EGER aniibody) are engineered ¢

promoler heterodimer stability; the antibodies are incubated together under reducing
onditions sufficient to allow the cysteines in the hinge region to andergo disulfide bond
somerization; thereby generating the bispecific antibody by Fab arm exchange, The
mcubation conditions may oplimally be restored to non-reducing. Exemplary reducing
agents that may be used are 2- mercaptoethylamine (2-MEA), dithiothreitol (D711,
dithioerythritol {(I3TE}, ghutathione, tris{Z-carboxyethylphosphine (TCEP), L-cysteine and
beta-mercaptoethanol, preferably a reducing agent selected from the group consisting off
2- mercaptocthylarnine, dithiothreitol and r1s{2-carboxyeihyDphosphine. For example,
weubation for at least 90 min at a femperature of at least 26°C in the presence of at least
25 mM 2-MEA or in the presence of at least 0.5 oM dithiothreitol at a pH of from 53-8, for

example at pH of 7.0 or at pH of 7.4 may be used.

Bispecific EGFR/c-Met antibodies
The bispecific EGFR/c-Met antibodies of the invention may provide a benefit n

torms of specificity and reduced off-target toxicity when compared o syaall molecule

=y

EGFR and/or c-Met intibitors, The present wvention is based at least inpart on the

£

surprising finding that the bispecific EGFR/c-Met antibodies of the nvention provide a

signi ficantly proved synergistic wnhibitory effect when compared {o 2 mixture of EGFR-

binding and ¢-Met-binding monospecific

g

antibodies or published bispecific EGFR/c-Met
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antibodies. Depending on the assay, the synergistic effect observed vanied between about
14- 1o over about 800-fold. The bispecific EGFR/c-Met antibodics of the invention

oo

provide more efficient whibiion of EGFR and ¢-Met signaling pathways and inbibi tumor
growth more efficiently than cetuximab (Erbitux®). The bispecific EGFR/¢-Met
antibodics of the invention intubit EGFR signaling in tumors and/or tumor cell ines having
EGFR activating mutations and/or motations in EGFR that are known to result in

resistance to treatments with tyrosine kinase inhibitors such ag gefitinib, and mhibit ¢-Maet

signaling pathway, a pathway identified to be opregulated and to provide a compensatory

signaling upon treatment with BGFR tyrosine kinase inhibitors in cancers such as NSCLC.
The bispecific EGFR/c-Met antibodies of the mvention, in addition to directly inhibiting
EGFR and ¢-Mst signaling, display antitumor actvity through enbanced antibody
dependeni cell cytotonicity {ADCC) and degradation of the EGFR and c-Met receptors.
Contrary to the current EGER therapies {cetuximab and panitumumab), the bispecific
EGFR/c-Met antibodies of the invention induce, via enbanced ADCC, killing of turor
celis having KRAS mutations.

Int. Pat. Pabl No. WOZ010/1 13551 describes a bispecific EGFR/c-Met antibody
(BSARO1)Y enginecred in an {gG-scFv format using the EGFR bindingVH/VL pair of
cetuximab, and the o-Met binding VH/VL pair of an antibody SB35 {MetMab,
onartuzumab) currently in Phase HI tnals. BSARO! demonsirates approgimately two-fold
{additive) increased inhibition of A431 cell proliferation when compared to the parental
antibodies {Example 7, Figire 8b in WO2010/115551 ), and a modest additive mhibition of
Ovare-8 cell proliferation (Figure 10a, Example 16 in WO2010/115551) when compared
to the combination of the two parental antibodies (15% vs. 10% mhibition). Therefore,
surprisingly and unexpectedly, the present inveniion provides bispecific EGFR/c-Met
antibodics that demonstrate 2 significant synergistic effect in inhibition of EGFR and ¢-
Met signaling, cancer cell survival and tumor growth. By nol wishing to be hound by any
theory, it is believed that the significant synergistic effect of the hispecific antibodies of

the ravention at least partially resulis from the epitope specificity of both the EGFR and
the c-Met binding arms, possibly resulting in the inlibition of signaling throggh not only
the EGFR and ¢-Met homodimers but also the EGFR/HERX heterodimers.

Ome embodiment of the invention is an isolated bispectfic epidermal growth factor
receptor {EGFRY hepatocyte growth factor receptor {c-Met} antibody, comprising:

a}  a first heavy cham (HC1) comprising a HCI constant domain 3 (HC! CH3Yand a

HC1 vanable region 1 {VH1};
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by a second heavy chain (HU2) comprising a HC?2 constant domain 3 (HCZ CH3) and

a FHC2 variable region 2 {(VH2);
¢} afirst ght chain (LC1) comprising a light chain variable region 1 (VL 1}; and

a second light chain (LC2) comprising a light chan variable region 2 (VL2})
wherein the VHI and the VLI pair to form a first antigen-binding sile that spcciﬁcaﬂy
binds EGFR and the VH2 and the VL2 pair to form a second antigen-binding site that
specifically binds o-Met, wherein the HC comprises at least one substitution in the HC1
CH3 and the HC2 comprises at least one substitiition in the HCZ CH3, wherein the
substitution in the HC1 CH3 and the substitution in the HC2 CH3 occur at different amino

acid residue positions, when residue numbering is according to the EU index.

In some embodiments described herein, the bispecific EGFR/c-Met antibody
mhibits phosphorylation of extracelhilar signal-related kinases 1 and 2 (ERK1/2) in NCI-
H292, NCI-H1975 or SKMES-1 cell line with an s value that is at least about 10-Told

loss, at least about 20-fold Tess, at Ioast about 30-fold Jess, at loast about 40-fold less, at

cast abou fold less or at least about 60-fold less when com o the 1Css value o
least about 50-fold 1 t {east about 60-fold ke red to the sg value of

\)

mbibition of phosphoryiation of ERKI/2 in NCI-H2Z92, NCI-HI975 or SKMES-1 cell fin

with a raxture of a control aanovalent EGFR antibody comprising a heavy chain 3 (HC3)

m
(

and a light chain 3 (L3} and a contw] monovalent ¢-Met antibody coraprising a heav
chain 4 (HC4) and a light chain 4 {LC4), wherein the HC3 and the HC L, the LC3 and the
, the HC4 and the HCZ, and the LC4 and the LC2 have identical amino acid
sequences, respeclively, and the phosphorylation of ERK /2 is measured in whole cell
lysates using a sandwich imnnmoassay using an anti-phosphofBK1/2 antibody as a
captire antibody and an antibody binding to unphosphorylated and phosphorylated

ERK1/2 conjugated with an electrochemilominescent compound as a detection antibody.

The bispecitic EGFR/c-Met antibodics of the invention provide a synergistic mor

&

pronourced inhibitior of EGFR and ¢-Met signaling when compared to the combination of
monospecific EGFR antibodies and monospecific c-Met antibodics, when inhibition is
assesssd by inhibition of ERK1/2 phosphorylation. Such exemplary bispecific EGFR/c-

Met antibody is the antibody EMi-1aAb of the invention.

“Control raonospecific EGFR antibody” as used berein refers to an antibody that
has a {irst Fab arm that binds EGFER that 1s ideuntical in amino acid sequence 0 the EGFR-
hinding Fab arm of the bispecific EGFR/c-Met antibody to be tested, and has a second Fab

arm that is “joert” and binds an unrelated/Trelevart antigen, humar immunodeficiency

virus {HEV) gp120. The second Fab aro has a light chaio having the sequence of 3EQ 1D
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NO: 209 and a heavy chain having the sequence of REQ ID NO: 198 ininstances when the

EGFR binding Fab arm in the bispecific EGFR/c-Met antibody 1o be tested coraprises the

F405L substimiion. The sccond Fab arwm bas a ight chain having the scquence of SEQ ID

&

NO: 209 and a heavy chain having the sequence of SEQ [D NO: 197 ininstances when the
EGFR binding Fab arm in the bispecific EGFR/c-Met antibody to be tested comprises the
K409R substitution.

“Control monospecific ¢-Met antibody” as used herein refers to an antibody that
has a first Fab arm that binds ¢-Met that is identical in amino acid sequence to the ¢-Mg

1
b
¥

binding Fab arm of the bispecific EGFR/c-Met antibody to be tested, and has a second Fab
arm that is “inert” and binds the unrelated/irrelevant antigen HIV gpl20. The second Fab
Fab arm has a lizht chain having the sequence of SEQ 1D NO: 209 and a heavy chain
baving the ssquence of SEQ I NO: 198 ininstances when the ¢-Met binding Fab arm in
the bispecific EGFR/c-Met antibody to be tested comprises the FA05L substitution. The
second inert Fab arm has a light chain having the sequence of SEQIDNO: 209 and a
heavy chain having the sequence of SEQ 1D NO: 197 v instances when the ¢-Met binding
Fab arns 1n the bispecific EGFR/ec-Mel antibody to be tested comprises the K409R
substitution.

In some ernbodiments described herein, the bispecific EGFR/c-Met antibody
irthibits phosphorylation of ERK1/2 with an 105 value of about 2x10° M or less, about
1x107 M or less, or about 1x107° M or less.

In some embodiments deacribed herein, ERK] iz phosphorylated at residuaes

Thr202 and Tyr204, and ERKZ is phosphorylated at residues Thri85 and Tyr197.

In some embodiments described herein, the bispecific EGFR/c-Met antibody
mhibits phosphorylation of protein kinase B {AKT) at Serd73 in NCI-H1975 cell line with
an 15 value that ig at least about 70-fold less when conwpared to the ICs vahie of

oryiation of AKT at S¢rd73 ju NCI- Hi975 cell line with the mixture

whibition of phosplho
of the control monovalent EGFR antibody comprising the HC3 and the LC3 and the
control monovalent c-Met antibody comprising the HC4 and the LOC4, wherein the HC3
and the HCI, the LC3 and the LC1, the HC4 and the HCZ, and the LC4 and the LC2 have
wdentical amuno acid sequences, respectively, wherein the phosphorylation of AKT at

9

[vg!

evd73 is rueasured n whale cell lvsates using a sandwich immunoassay using an
antibody binding to unphosphorylated and phosphorylated AKT as a capture antibody and
an anti-phosphoAKT Serd73 auntibody conjugated 1o an electrochemibuminescent

compound as a delection antibody.

(o]
[¥3)
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Insome embediracnts described herein, the bispecific EGFR/c-Met antibody

whibite phosphorylation of protein kinase B (AKT) at The308 1w NCI-H1975 ccli line with
an 15, value that is at least about 100-fold less when corapared to the ICs, value of
inhibition of phosphorylation of AKT af The308 in NCI- H1975 cell line with the mixture
of the control monovalent EGFR antibody comprising the HC3 and the LC3 and the
control monovalent ¢~-Met antibody comprising the HC4 and the LC4, wherein the HC3
and the HCI, the LC3 and the L1, the HC4 and the HC2, and the LC4 and the LC2 have
identical amino acid sequences, respectively, wherein the phosphorylation of AKT at
Thr308 is measured in whole cell lysates using a sandwich immunocassay using an
antibody binding to unphosphorylated and phosphorylated AKT as a capture antibody and
an anti-phosphoAKT Thr308 antibody conjugated to an electrochemiluminescent

compound as a detection antibody.

The bispecific EGFR/c-Met antibodies of the invention provide a synergistic more
promounced inbibition of EGFR and c-Met signaling when conpared to the combinaiion of
monospecific EGEFR antibodies and mounospecific c-Mat antibodies, when inhibition is
assessed by nhibition of AKT phosphorylation. Such exemplary bispecific EGFR/c-Met

antibady is the antibody EM1-mAD of the invention.

In some embodinents described herein, the bispecific EGFR/c-Met antibody

mhbibiis phosphorylation of AKT at 5erd73 or at The308 with and ICse value of about

X107 M or less.

In some embodinents described herein, the bispecific EGFR/c-Met antibody binds
EGFR of 3EQ 1D NO: 73 at EGFR residues K489, 1491, K467 and S492 and o-Met at
residues PEFRDSYPIKYVHAF (SEQ IDNO: 238) and FAQSKPDSAEPMDRSA (SEQ
1D NO: 239). Such an exemplary bispecific antibody is the EM1-mAb. The bispecific
EM-1 antibody binds EGFR and ¢-Met at distinet epitopes when corapared 1o the antibody
BSABG! as described above and in Int. Pat. Pobl. No, WO2010/115551, The parental
EGFR binding arm (cetuximab) of BSARO! binds EGFR awino acid residues R353,
(3384, 408, H409, F412, S418, 3440, K443, K465, 1467, 8468, and N473 in matore
EGER, corresponding o residues R367, (3408, Q432, H433, F436, 5442, 8464, K467,
K459, 1491, 5492 and N4G7 of full fength EGFR of SEQ D NO: 73 {Li et al., Cancer Celi
7:301-311, 2003). The parental ¢-Met binding arm of BSABU1 (nmAb 5D5) binds ¢-Met
residaes 325-340 PGAQLARGIGASLNDD (SEQ D NO: 240). Epitope mapping of the
EGFR binding parental antibody (2F8) of the EM1-mAb 15 described in US. Pat. Publ. No.
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UR201 1/0256142A1. Cetuximab and the parental 2F8 antibody bind partially overlapping

Epitope raapping can be done using standard methods. For example, when the
structures of both individual components are known, in silico protein-protein docking can

y compatible sites of wnteraction. Hydeogen-denterivm (H/D}

arvied out with the antigen and antibody complex (o map regions on the
antigen that ruay be bound by the antibody. Segment and point mmitagenesis of the anligen
can be used o locate amine acids important for antibody binding,

)

In some embodireents described herein, the bispecific EGFR/c-Meat antibody
neuiralizes EGPR and o-Mecl signaling.

The bispecific EGFR/c-Met antibody of the inveniion may neutralize EGFR and ¢-

Met signaling by at least 30%, 35%, 40%, 45%, 50%, 53%, 60%, 65%, T0%, 73%, 80%,
83%, 90%, 81%, 22%, 93%, 94%, 95%, 86%, 97%, 98%, 99% or [00% when compared
to the level of signaling 1n the absence of the bispecific EGFR/ec-Metl molecule of the
mvention using the same assay conditions.

Binding of a higand such as EGYE to EGFR stimulates receptor dimerization,
autophosphory lation, activation of the receptor's intemal, cytoplasmic tyrosing kinase
domain, and initiation of multiple signal transduction and transactivation pathways
mvoelved in regulation of DNA synthesia {gene activation) and cell eycle progression or
division. Neutralization of EGFR signaling may result in inhibition in one or more EGFR
downstream signaling pathways and therefore neutralizing EGFR may have various

v
1R
i

effects, including inhibition of cell proliferation and differentiation, angilogenesis, cell
motility and metastasis, and inhibition of downstream signaling pathways.

EGFR signabing and neutralization of EGFR signaling may be measured using

various well know methods, for example measuring the autophosphorylation of the
receplor at any of the tyrosines Y1068, Y1148, and Y1173 (Downward ef af,, Natare

31 1:483-5, 19%4) and/or phosphorylation of natural or syunthetic substrates, and johibition
of avtophosphorylation and/or phosphorylation of natural or synthetic substrates by the
bispecific antibodies of the invention. Phosphorylation can be detected using well known
methods sach as an ELISA assay or a western plot using a phosphotyrosine specific
antibody. Exemplary assays can be found in Panck er @/, J Pharmacol Exp Thera
243:1433-44, 1997 and Batley et ¢/, Life Sci 62:143-50, 1998, and as described herein.
Binding of HGF to o-Met stimulates receptor dimerization, autophosphorylation,

activaiion of the receptor's cytoplasmic tyrosie kinase domai, and initiation of nwiltipls

i
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sigrnial transduction and frausactivation pathways involved ju regulation of DNA synthesis

& o

{genc activation) and cell cycle progression or division, Inbibition of c-Met signaling roay
result in inhibition 10 one or more ¢-Mat downsiream signaling pathways and thercfore
neutralizing ¢-Met may have various cffects, including inhibition of cell preliferation and

5
H
8

differentiation, angiogenesis, cell motility and metastass.
¢-Met signaling and neutrabzation of ¢-Met signaling may be measured using
various well know methods, for example measuring the aulophosphorylation of the

receptor on at least one tyrosing 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 oron a
western blot. Exemplary assays can be found in Panek er @/, J Pharmacol Exp Thera

3:1433-44, 1997 and Batley ef o/, Life 3¢i 62:143-50, 1998, and as described herein.

>....

EGFR and ¢-Moet signaling may be measured using various well know methods as
described herein, such as measuring inhibition of ERK1/2 and AKT phosphorylation,
Tnhibition of ERK1 phosphorylation at Thr202 and Tye204 and ERK2 phosphorylation at
Thri85 and Tyri87 and inhibition of AKT at 8erd73 or Thr305 can be measured for

5
cl
Ci

example in NCE-H1975 cell lysates utibzing a sandwich assay with capture antibody
coaled on sohid support, and the detection antibody conjugated with a
clectrohemilumineseent compound such as Meso Scale Discover (MSD) SULFO-TAG
label, followed by detection of the signal with a plate reader.

In some embodiments described herein, the bispecific EGFR/c-Met antibody
inhibits growth of NCI-H292 or NCI-H1975 cells with an ICs, valiue that is at least about
300-fold less, at least about 400-fold less, at least ahout 500-fold less, at least about 600-
fold Jess, at least about 700-fold less or at least about 800-fold less when compared to the
1Cs0 value of inhibition of growth of NCI-H292 or NCI-H1975 cells with cetuxinab, when
NCEH292 or NCI-HI975 cells are grown o low attachment conditions.

.
H
H

Inhibition of celf growth raay be assessed by known methods. For example, the
celis may be plated in plates coated with hydrogels or biomimetic polymers (for example
Ultra Low Attachment piates by Comning) to prevent ot reduce cell attachiment, and the
effect of antibodies on 7.5 ng/ral. HGF-induced cell growth can be assessed by measuring

)
)

percent cell viahility afier incubation for 72 hours using standard methods.
The bispecific EGFR/c-Met antibodics of the invention provide a synergistic more
pronourced inhibition of EGFR and/or o-Met expressing cancer cells when corapared to

the combination of raonospecific EGFR antibodies and roanospecific o-Met antibodies and
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to the standard of care cetuximab. Such an exeraplary bispecific EGFR/c-Mel antibody s

the antibody EM1-mAb of the juvention. The bispecific EGFR/c-Met antibodies of the
wvenlion nhibit cancer cells that express the wild type BEGFR and the wild fype ¢-Maet,
and also cancer cells that express the EGFR L8S8R/T790M mutant, which muotation is
wdentified to contribute to resistanice o treatments with small molecule tyrosine kinase

ihibitors {TKis} such as gefilimb, Therefore the bispecific EGFR/c-Met antibodies of the
mvention may provide a benefit in a broader patient population when compared ¢
cetuximab and TKs.

In some embodiments described herein, the bispecific EGFR/c-Met antibody
inhibits growth of HGF-expressing SKMES-1 cell tumor i 3CID Beige miice with

£7]

percentage (%0} T/C value of at least 500-fold less on day 36 when compared 1o cetuximab,

when the bispecific antibody and cetoximab are administered at 20 mg/'kg dose.

Turor xenograflt models using SCIY Beige mice are well known, SKMES-1 cellis
may be engineered to express human HGE osing standard methods. Typically, SCID
Beige mice may be sabautancously inoculated with SKMES-1 cells expressing human
HGF embedded in extracellular matrix such as Culturex it the dorsal flank of each animal.
One week after implantation, mice may be stratified into groups with equivalent tumor
volures, and thersafter dosed for example three tirass per week with the bispecific
EGFR/e-Met antibodies of the invention, condrol or benchmark antibodies or small
molecuies. Tumor vilumes may be recorded twice weekly, and tumor gmw‘sh inhibition
(TG may be observed by calculating the percentage (%6} T/C value. The % T/C value is
indicative of anti-luraor efficacy. T and C are the racan voluraes of the treated and control

groups, respeciively, ona given day

The bispecific EGFR/c-Met antibodies of the invertion provide a significantly
iraproved efficacy o i vive tureor killing when compared to the standard of care
cetuximab, and therefore may provide a bepelit in a paticnt population when compared to

cetuximab,

1o soroe erohodiments described hereln, the bispecific EGFR/c-Met antibody
comprises the HCT and the HC2 of Tg(G1, TeG2, 1653 or 2G4 isotype

i

ey
o

some embodiments described herein, the bispecific EGFR/c-Met antibody

comprises the HCI and the HC2 of TgGl isoivpe

In some embodiments described herein, the bispecific EGFR/¢-Met antibody HCI

CH3 comprises at least one, two, three, four, five, six, seven or cight substitutions and the

(o ]
~1
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HC? CH3 comprises at least ang, two, three, four, {ive, six, seven or eight substitution

residue positions 350, 366, 368, 370, 399, 4035, 407 or 409, when residue numbering s
according 1o the EU index

In some embaodiments described herein, the bispecific EGFR/c-Met antibody HCH
CH3 comprises at Jeast one, two, three or four substitutions and the HC2 CH3 comprises
at least ang, two, three or four substitutions at residue positions 336, 370, 405 or 409,

when residue numbering 1s according to the EU index.

Antibody domains and nmumbering are well known, Two CH3 domains (or CH3

v

regions} are non-identical when they differ with at Jeast one amino acid substitution from
cach other. Aun Fg(G1 CH3J region typically consists of residues 341-446 opn [gG1 {vesidue
nwmbering according to the BU index). An excmplary IeGl constant region is shown
SEQ D NO: 203, The CH3 domain spans residues 224-329 of SEQ ID NO: 263, and
correspond to residues 341-446 according to EU index.

In some embodiraents descrived herein, the bigpecific EGFR/¢-Met antibody HCI

CH3 comprises at least one substitution and the HC2 CH3 comprises at least one
substitution at residue positions 405 or 409, when residue nombering is according 1o the

EU index.

In some embodiments described herein, the bispecific EGFR/¢-Met antibody HCL
CH3 comprises a K4G9R or & F405L substinition and the HC2 CH3 comprises a K409R or

a F405L substitution, wherein residoe nurnbering 15 according to the EU index.

In some embodiments deseribed herein, the bispecific EGFR/c-Met antibody HC1
CH3 comprises the F403L substitation and the HCZ CH3 comprnises the K409R

substitution.

In some embodiraents deseribed herein, the HOU CH3 and the HO2 CH3
substitutions are substitutions at position 366, 368, 370, 399, 405, 407 or 409 (numbering
according to the EU index). These positions correspond to linear residuie positions 248,
254, 252, 281, 287, 289 and 281, respectively, in a heavy chain constant region of 3EQ D
NO: 203 and 204,

In some embodiments deseribed herein, the HC1 CH3 position 409 has an amino
acid substitution other than Lys, Leu or Met and the HCZ CH3 position 405 has an amino

acid substitution other than Phe.

(o]
o
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I some embg we HO L CHS3 position 403 bas an amino

acid substitaion other thag Phe and the HOZ CHE position 409 has an amdw
substitution other than Lys, Loew or Mot

terein, the HUT CHS position 409 haxs an amino
acid subxtitution other thag Lys, Lot or Met and the HCO'Z CH3 position 405 has an amino

acid substiivtion other thao

In some embodinents deseribed herein, the HOD CHS poaition 465 has an ammo

acid substitution other than Phe, Arg or Gly and the HO2 CH3 position 409 has an ar

-ein, the HOT CHS has Phe at posiiion 405 and
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Lew or Met at position 409 and the HU2 CHS has an amino

403 and a Lys ai pus

T
i

ire acid other

s at position 409 and the HO

2 CH3 has Phe at posiion

cthan Lys, Leu or Met at position 409,
o somne embodiments described herein, the HOF CH3 has Phe at position 495 and
an aming acid other than Lys, Lew or Met at position 409 and the HC2 CH3 hav a

substisution ether than Phe, Are o (v af position 405 and Lys at position 409,

In some embodunents described heredn, the HOV CH3 bas a substiniion other than

tn some embodinents described he;-‘cm, the HOT CH3 has Phe at position 405 and
at arano acid other than Lys, Leu or Met at position 409 and the HO2 CHS3 has Lo

rosition 405 and Lyvs a1 position 409,

thag Lyx, Leg or Met at position 409,

b some embed

ety deseribod herein, the HOUCHS has Phe at position 405 and

re at posinen 409 and the BO2 CH3I has an amine aod other than Phe, Are or Gy at

&

postiion 405 and Lys at posiiion 409,

iticn 405 and Arg at posituon 409,

In some embodinients deseribed heren, the HOD CHS has Phe at position 405 and

Arg ot position 409 and the HO2 CHS has Leu at powtion 408 and Lyvs at position 409,



WO 2014/081954 PCT/US2013/071288

In some embodiments describad herain, the HCE CHS has Leu at position 405 and
Lys at position 409 and the HCZ CH3 hag Phe at position 405 and Arvg at position 409,

In some embodiments describad heratn, the HCL CHS has Phe al position 405 and
Lys at position 409 and the HCZ CH3 hag Leu at position 405 and aArg at posi'tion 409.

In some embodiments described herein, the HCU CH3 has Lew at position 405 and
aAxg at position 409 and the HOZ CH3S has Phe at position 408 and Lys at position 409,

In some embodiments described herein, the HCI CH3 has an amine acid other
than Lys, Leu or Met at position 409 and the HC2 CH3 has Lys at position 409, Thr at
position 370 and Ley at position 408,

In some embodiments described herein, the HC1 CH3 has Lys at position 409, Thr
at position 37¢ and Leu at position 4035 and the HC2 CH3 has an amivo acid other than
Lys, Leu or Met at position 409.

In some ernbodiments described berein, the HCI CH3I hag Arg at position 409 and
the HC2 CH3 bag Lys at po 409, Thr at postiion 370 and Leu al position 405.

In soroe erobodiments described herein, the HCI CH3 has Lys at position 409, Thr
at position 370 and Leu at position 403 and the HCZ CH3 has Arg at position 409,

In some embodiments described herein, the HC1 CH3 has Lys at position 370,
Phe at position 405 and aArg at position 409 and the HC2 CH3 has Lys at position 409,
Thr at pogition 370 and Leu at position 405,

In some embodiments described herein, the HC1 CH3 has Lys at position 409, Thr
at position 370 and Leu at position 405 and the HC2 CH3 has Lys at position 376, Phe at
position 405 and Arg at position 409,

In sone embodiraents described herein, the HCU CHS3 has an amino acid other
than Lys, Leu or Met at posttion 409 and the HCZ CH3 has an ammino acid other than Ty,
Asp, Glu, Phe, Lys, Gln, Arg, Ser or Thr at position 407.

In some embodirnents desoribed harain, the HOU CH3 has an armine acid othey
than Tyr, Asp, Gly, Phe, Lys, Gln, Arg, Ser or Thr at position 407 and the HC2 CH3 has
an amune acid other than Lys, Leu or Met at position 409,

In some embodiments desoribed herein, the HCU CHS3 has an annne acid other
than Lys, Leu or Met at position 409 and the HC2 CH3 has Ala, Gly, Wis, Te, Lew, Met,
Asn, Val or Trp at position 447,

In some embodiments desoribed herein, the HOL CH3 has Alg, Gly, His, fe, Leu,
Met, Asn, Val or Trp at position 407 and the HU2 CHS has an amino acid other than Lys,

Lew or Met at position 409,

60
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I some embodiments described herein, the HC CH3 has an amino acid oiher
than Lvs, Leu or Met at position 409 and the HC2 CH3 has Gly, Leu, Met, Asn or Tip at
position 407,

In some embodiments deseribed herein, the HC CH3 has Gly, Leu, Met, Asn or
Trp at position 407 and the HO2 CH3 has an amino acid other than Lys, Lew or Met at
position 409,

In some embodiments described herein, the HCT CH3 has Tyr at position 407 and
an amino acid other than Lys, Leu or Met at position 409 and the HC2 CH3 has an amino
acid other than Tyr, Asp, Glu, Phe, Lys, Gin, Arg, Ser or Thr at position 407 and Lys at
position 409.

In some embodinwents deseribed herein, the HCI CHS3 has an andino acid other
than Tyr, Asp, Glu, Phe, Lys, Gin, Arg, 3er or Thr at position 407 and Lys at position 409
and the HC2 CH3 bas Tyr at postiion 407 and an amino actd other than Lys, Leu or Mel at
pasition 409,

In sorue erabodiments described berein, the HCT CH3 bas Tyr at position 407 and
an amino acid other than Lys, Len or Met at position 409 and the HCZ CH3 has Ala, Gly,
Hig, Ile, Leu, Met, Asn, Val or Trp at position 407 and Lys al position 409,

Tn some ernbodiments described herein, the HC1 CH3 bag Ala, Gly, Hig, He, Le,
Met, Asn, Val or Trp at position 407 and Lys at position 409 and the HC2 CH3 has Tyrat
posttion 407 and an amino acid other than Lys, Leu or Met at position 409,

In some embodiments described herein, the HC1 CH3 has Tyr at position 407 and
an amino acid other than Lys, Leu or Met at position 409 and the HCZ2 CH3 has Gly, Leu,
Met, Asnor Trp at position 407 and Lys at position 409,

I sonwe embodiments described herein, the HCU CH3 has Gly, Len, Mei, Asnor

T at position 407 and Lys af position 409 and the HC2 CH3 has Tyr at position 407 and
an amino acid other than Lys, Leu or Mol af position 409.

In some embediraents described heretn, the HCE CH3 has Tyr at position 407 and
Arg at position 409 and the HC2 CH3 has an anine acid other than Tyy, Asp, Gly, Phe,
Lys, Gln, Arg, Ser or Thr at posttion 407 and Lys at position 408,

In some embodiments deseribed herein, the HCH CH3 has an anuno acid other
than Tyr, Asp, Glu, Phe, Lys, Glu, Arg, Ser or Thr at position 407 and Lys at position 409
and the HC2 CHS has Tyr at position 407 and Arg at position 409,

In some embodiments described herein, the HCT CH3 has Tyr at position 407 and
Arg at position 409 and the HC2 CH3 has Ala, Gly, His, He, Leu, Met, Asn, Val or Trp at

position 407 and Lys at position 409.

61
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In some embediracnts described herein, the HC CH3 has &la, Gly, His, He, Leu,
Met, Asn, Val ar Trp al position 407 and Lys at position 409 and the HCZ CH3 bas Tyr at
position 407 and Axg at position 409.

In some embodiments described herein, the HC1 CH3 has Tyr at position 407 and
Arg at posttion 409 and the HC2 CH3 has Gly, Ley, Met, Asn or Trp at position 407 and
Lys at position 409,

In some embodiments deseribed b , the HCT CH3 has Gly, Leu, Met, Asnoor
Trp at position 407 and Lys at position 409 and the HC2 CH3 has Tyr at position 407 and
Arg at position 409.

In some embodiments described herein, the HC1 CH3 has an amino acid other

than Lys, Leu or Met at position 409, and the HC2 CH3 has (1) an amino acid other than

Phe, Leu and Met at position 368, or () a Trp at posiiion 370, or {iii) an amine acid other
than Asp, Cys, Pro, (Glu or Glo at position 399.
In sorae embodiments described herein, the HCT CH3 bas (i) an amino acid other

than Phe, Leu and Met at position 368, or (it a Trp at position 376, or {01} an amino acid
other than Asp, Cys, Pro, Glu or Glp at position 399 and the HC2 CH3 has an amino acid
other than Lys, Lou or Met at position 409,

In some ernbodiments described herein, the HC1 CH3 bhas Arg, Ala, Hisor Gly at
position 409, and the HC2 CHS has (1) Lys, Gin, Ala, Asp, Ghy, Gly, His, He, Asn, Arg,
Ser, Thr, Val, or Trp al position 368, or {11} Trp at position 370, or {111} Ala, Gly, le, Ley,
Met, Asn, Ser, Thr, Trp, Phe, His, Lys, Arg or Tyr at position 399,

In some embodiments described herein, the HC1 CH3 has (i) Lys, Gin, Ala, Asp,
Glu, Gly, His, le, Asn, Arg, Ser, The, Val, or Trp at position 368, or (it} Trp at position
, or (ii1) Ala, Gly, He, Leu, Met, Asn, Ser, Thy, Trp, Phe, His, Lys, Argor Tyrat

position 399 and the HC2 CH3 has Arg, Ala, His or Gly at

376G, 0

sition 409,

Insome embediraents described heretn, the HC CH3 has Arg at position 409,
and the HC2 CHS3 has (1) Asp, i, Gly, Asn, Arg, Scr, Thr, Val, or Tip at position 368, or
(10 Trp at position 370, or (i) Phe, His, Lys, Arg or Tyr al position 399,

In some embodiments deseribed herein, the HC L CHS3 has (1) Asp, Ghu, Gly, Asn,
Arg, Ser, Thr, Val, or Trp at position 368, or (i1} Trp at position 370, or (i) Phe, His, Lys,
Arg or Tyr at position 399 and the HCZ CH3 has Arg at position 409,

In some embodiments deseribed herein, the HC1 CH3 comprises a K409R
substitution or a F405L substitution and the HC2 CH3 comprises a K409R substitution or

a F405L substitation, wherein the residue numbering is according to the EU index.
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In some embodiments described herein, the HCI CH3 coraprises the F4050
substitution and the HC2 CH3 comprises the K409R substiiution.

Substitutions are typically wade at the DNA lovelio a moleculs such as the
constant domain of the antibody using standard methods,

In some embodiments described herein, the bispecific EGFR/c-Met antibody
comprises the VHI and the VL1, wherein

the VH1 comprises the heavy chain complementarity determining region (HCDR)
I (HCDRD), HCDR 2 (HCDR2) and HCDR 3 (HCDR3) amino acid sequences of SEQ ID

i}

NOg: 210, 211 and 212, 1«3}3«:&1\];1&', and

&

{(LCDR1), LODR 2 (LCDR2) and LCDR 3 (LCDR3) amino acid sequences of SEQ 1D

NOs: 213, 214 and 215, respectively.

the VL1 comprises the light chain complementarity deternvining region (LCDR) |

1o sore erobodiments described herein, the bispacific EGFR/c-Met antibody
comprises the VHZ and the VL2, wherein

e VHZ cormapriges the HCDIRYE, the HCDRZ, and the HCDRS anuno acid
sequences of 3EQ D NOg: 216, 217 and 218, respectively; and

the VL2 comprises the LODRY, the LODRY and the LCDR3 amino acid
scquences of SEQ ID NOGs: 219, 220 and 221, respectively.

In some ernbodiments described herein, the bispecific EGFR/c-Met antibody
comprises the VHI, the VL1, the VH2 and the VL2 amino acid sequences of SEQ D
MNOs: 189, 190, 193 and 194, respectively.

In some embodiments described herein, the bispecific EGFR/c-Met antibody
cornprises the HC, the LCT, the HC?2 and the LC2 amino acid sequences of SEQ 1D NOs:
199, 200, 201 and 202, respectively, optionally having a C-tevrninal lysine removed from
the HC1, the HCZ, or both the HC and the HC2.

In some embodiaents descrived herein, the bispecific EGFR/c-Met antibody
coraprises the VHI and the VL1, wherein

the VHI comprises the HCDR], the HCDIR2, and the HCDR3 amino acid
sequenices of SEQ 1D NOs: 222, 223 and 224, respectively; and

the VL1 comprises the LCDR], the LCDR? and the LCDR3S amino acid

A

sequences of SEQ I NOs: 225, 226 and 227, respectively.

In some embodiments deseribed herein, the bispecific EGFR/c-Met antibod;
comprises the VH2 and the VL2, wherein

the VHZ comprises the HCDRI1, the HCDR2, and the HCDR3 amino acid
sequences of SEQ 1D MOs: 228, 229 and 230, respectively; and

N
2
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¢ LCDR2 and the LCDR3 amino acid

373
3

¢l

the VL2 comprises the LCDRI, th
cquences of SEQ 1D NQs: 231, 232 and .

£

'.-)

, respectively.

I some embodiraents described herein, the bigpecific EGFR/c-Mat antibody
coraprises the VHL, the VLE, the VH2 and the VL2 amino acid sequences of SEQ 1D
NOs: 191, 192, 195 and 196, respectively.

In some embodiments described herein, the bispecific EGFR/¢c-Met antibody
comprises the HC1, the LCT, the HCZ and the LC2 anmino acid sequences of SEQ 1D NOs:
234, 235, 236 and 237, respectively, optionally having the C-terminal lysing removed from
the HC 1, the HC2, or both the HCL and the HCZ.

In some embodiments deseribed herein, the bispecific EGFR/c-Met antibodies
may block EGF binding to the EGFR and HGF binding to o-Met with an ICs value of loss
thar about 1x10™ M, less than about 1x107 M, less than about 1x107'° M, less than aboui
{10 M, or Tess than about 1x1072 M in a competition assay employing recombinant
hraan EGFR or recombinant human o-Met extraceliular domains coated on plates and
incubated with or without the bispecific EGFR/c-Met auntibodies of the invention. The
bispecific EGFR/c-Met antibodies described herein may block EGF binding to EGFR and
i, %, 60%, 65%, T0%,

75%, 80%, B5%, 90%, 91%, 91%, 93%, 94%, 95%, 86%, 97%, 98%, 99% or 100% when

HGE binding to c-Met by at least 30%, 35%, 40%, 45%, 50%, 3
compared to binding of EGF to the EGFR and HGF binding to ¢-Met 1n the absence of the
bispecific BGFR/c-Met antibodies of the invention described herein using the same assay
conditions.
In some embodiments described herein, the bispecific EGFR/c-Met antibody

corprisss the HCL, LCI, HC? and LC2, wherein the HCI, the LCL, the HC2 and the LC2

encoded by synthetic polynuclectides coraprising the sequence of SEQ 1D NOs: 205,
206, 207 and 208, respoctively.

The bispecific EGFR/c-Met antibodies of the invention may be generated usin

173

e

1

technigues described hevein, such as vtilizing CH3 engineering and generating the
antibodics using in vifro Fab arm exchange. An exemplary bispecific antibody raay be
generated from two monospecific antibodies by combimnmg about 1-20 mg/ml of cach
antibody at a 111 molar ratio in PBS at pH 7.0 - 7.4 in a buffer baving a final

concentration of 75 mM 2- mercaptosthanolamine (2-MEA), incubating for 2-6 hours at

23-37°C, followed by removal of 2-MEA via dialysis, diafiltration, tangential flow
filtration, and spinned cell filtration. The vield of the bispecific antibody may be more
than about 80%, more than about 90%;, more than about 1%, 929%, 93%, 94%, 85%, 96%%,

7%, 989% or 98%.
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Seme embodiments described herein provide for methods of producing the

s

wolated bispecific EGFR/c-Met antibody, coraprising:

combining an isolated monospecific bivalent anti-EGFR antibody conprising two
heavy chains of SEQ 1D MO: 199 and two light chains of SEG 1D NO: 200 and an isolaied
monospecific bivalent anti-c-Met antibody comprising iwo heavy chains of SEQ 1D NO:

201 and two light chaing of SEQ 1D NG: 202 10 a mixture of about 121 molar ratio;
introducing a reducing agent inio the raixture;
incubating the mixtare about ninety minutes to about six hours;
removing the reducing agent; and

purifying the bispecific EGFR/c-Met antibody that comprises a first heavy chain
of SEC D NO: 199 and a sccond heavy chain of SEG 1Dy NO: 201, a first hght chain of
SEQ D NO: 200 and a second light chaim of SEQ 1D NO: 202, wherein the frst heavy
chain of SEQ D NO: 199 pairs with the first light cham of SEQ 1D NO: 200 to form the
first binding domain that specifically binds EGFR, and the second heavy chain of SEQ 1D
N 201 pairs with the second light chain of SEQ 1D NO: 202 to form the second binding

domain that specifically binds ¢-Met.

S

In some embodiments described herein, the reducing agent ig 2~
mercaptoethanolamine (2-MEA)

In some embodiments described herein, 2-MEA is present at 3 concentration of

about 25 mM 1o about 75 mM.

In some ernbodiments described herein, the incubating siep s performed at a

4 YRS

teraperature of about 25°C 1o abowi 37°C.

Some enbodiments descnbed herein provide for an 1solated bispecific BGFR/-¢-
Met antibody comprising a HC1, a LCI, a HC2 and a LC2, wherein the HC ! comprises
the sequence of SEQ 1D NOG: 199, the LCI comprises the sequence of SEQ 1D NO: 200,
the HC2 comprises the sequence of SEQ 1D NO: 201, and the LCZ comprises the sequence
of SEQ ID NO: 202, wherein the HC1, the LOT, the HCZ and/or the LC2further comprises

2,3,.4,5,6,7, 8, 3, 11, 12, 13, 14 or 15 conservaiive amino acid substitutions.
1,2,3,4,5,6,7,8 9,10, 11, 12, 13, 14 or 15 con 3 id titution

Some embodiments described herein provide for an isolated bispecific EGFR/-c-
Met antibody comprising the HC1, the LC1, the HC2 and the LCZ, wherein the HCI

comprises the sequence of SEQ 1D NG: 234, the LC] comprises the sequence of SEQ ID

s

o
wr
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NO: 235, the HC2 comprises the sequencs of SEC D NO: 236, and the LCZ comprises
the sequence of SEQ ID NO: 237, wherein the HCL, the LC L, the HC2 and/or the LC2

farther compuses 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14 or 13 consrvative amino acid

substitutions.

Bispecific EGFR/c-Met antibodies whose HC1, LOT, HC2 and L2 amino acid
equences differ insubstantially from those antibodics disclosed herern are encorapassed
within the scope of the mvention. Typically, this involves one or more conservalive amino

acid substitutions with an amino acid having simitar charge, hydrophobic, or

5
H
i

stereocheniical charactenstics n the antigen-binding sites or m the frameworks without
adversely altering the properties of the antibody. Conservative substifutions may also be
made to improve antibody properties, for example stability or affinity. 1,2,3,4,5,6,7, 8,
9,10, 11, 12, 13, 14, or 15 amino acid substitutions may be made for example to the VHI,
the VL1, the VH2 and/or the VLZ, For example, a “conservative aming acid substitution”
may iovelve a substitution of a native amino acid residue with a ronnative residue such
that there is little or no effect on the polarity or charge of the amino acid residuc at that
position. Furthermore, any native residue in the polypeptide may also be substituted with

alaning, as has been previcusly described for alaninge scanning mutagenesis (MacLennan ef

=

Iy \J
£

al.. Acta Physiol Scand Suppl 643:55-67, 1998; Sagaki ef «l, Adv Biophys 35:
1998). Desived amino acid substitutions may be detersined by those skilled 1 the art at

the time such substitutions

are desired. For example, amino acid substitutions can be used
to identify important residues of the molecule sequence, or to increase or decrcase the
affinity of the molecules described herein. Exemplary conservative amine acid
substitutions are deseribed supra.

Amino acid sebstitutions may be done for example by PCR mutagenesis (1.5, Pat.
No. 4,653,195}, Libraries of variants may be generated using well known methods, for
example psing random (WNNK) or non-random codons, for example DVK codons, which
encode 11 amine acids {Ala, Cys, Asp, Glu, Gly, Lys, Asn, Arg, Ser, Tyr, Trp) and
screening the hibraries for variants with desired properties.

In some embodiments described herein, anino acid substitutions can be made o
the constant region of the antibody. For example different 2(G1 allotypes can be used in
the bispecific EGFR/c-Met antibodies of the invention, such as well known Giml

allotype, Glm3 allotype or Giml allotype, or a combination thereofl
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1

In some embediracnts described herein, pharmacokinetic properiics of the
hispecific BEGFR/c-Met antibodics may be enhanced by substifutions in the Fo dowmain that
medalaie anlibody balflidfe. 1o some erabodiments described berein, the bispecific
EGFR/c-Met antibody comprises a substitution M232Y/3254T/T256E w the HCI and/or
the HC2, wherein residue numbering is according to the EU index. M252Y/S254T/T256E
substitutions have been show o mncrease antibody half Iife (Dall Acqua e /., T Biol Chem

514-24, 2006).

281:23

The bigpecific EGFR/¢c-Met antibodics having conservative substitutions and/or

additional substitulions 1 their Fe reglon are tested for their characteristios using the

methods described herein.

In some embediracnt described herein, tmmune effecior propertics of the
hispecific BGFR/c-Met antibodies may be enbanced or silenced through Fe modifications
by techmques known to those skilled 1w the art. For example, F¢ effector functions sach as

binding, complement dependent cytotoxicity (CDC), antibody-dependent cell-

]
¢
s

nediated cytotoxicity (ADCC), antibody-dependent cell-mediate 1phagocytosis {ADCP),

-

down regulation of cell murface receptors {e.g., B cell receptor; BCRY), ¢te. may be
provided and/or controlied by modifying residues in the Feo responsible for these activities.

“Antibody-dependent celi-mediated cytotoxicity” or “ADCC” refers to a celi-
mediated reaction in which non-specific cytotoxic cells that express Fe receptors (FeRg)

{e.g. MNatural Killer (NK} cells, nestrophils, and macrophages) recognize bound antibody

on a target cell and subsequenily cause lysis of the target cell

The ability of monoclonal antibodies to induce ADCC can be enhanced by
engincering their oligosaccharide component. Human [gG1 or IgG3 are N-glycosylated at
AsnZ97 with the majority of the glycans in the well known biantennary GO, GOF, G,

GIF, (32 or G2F forms. Auntibodies produced by non-enginesred CHO cells typically have
a glycan fucose content of about at feast 85%. The remnoval of the core fucose from the
biantennary complex-type olignsaccharides atiached io the Fe regions enhances the ADCC

of antibodies via mproved FoyRIa binding without altering antigen binding or CDC
activity. SuchroAbs can be achieved using different methods reported to lead to the
successful expression of relatvely high defucosylated antibodics bearing the biantennary
complex-type of Fo oligosaccharides such as control of culture osmolality (Konne ef o,

Cylolechnology 64(:249-65, 2012}, applicati{m of a variant CHO livie Leel3 as the host

cell ine (Shiclds ef ¢/, ¥ Biol Chem 277:26733-26740, 2002}, applcation of a variant
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CHO line EB66 as the host ¢ell line {Olivier et of, MAbs ;2(4), 2010; Epub abead of print;
PMID20562582), apphication of a ral hybridoraa cell line YB2/0 as the bost cell boe
{(Shinkawa ef ¢f, J Biol Chem 278:3466-3473, 2003), introduction of small interforing
RNA specifically against the o 16-fucosylirasterase { FUTS) gene {Mori ¢f «l., Biotechnol
Bioeng88:901-908, 2004}, or coexpression of 53—1,,4—N~acctyigiucosamin:y'itrans&rase i
and Golgt g-mannosidase 1 or a potent alpha-mannosidase 1 inhibitor, kifimensine
{Ferrara er al., § Biol Chem281:5032-54306, 2006, Ferrara ef a/., Biotechnol Bioeng

93:851-861, 2006; Xhou ef a/., Biotechnol Bioeng 99:652-63, 2008).

In some embodiments described herein, ADCC elicited by the bispecific EGF
Met antibodies may alao be enhanced by certain substitutions in the antibody Fe.
Exemplary substitutions are for example substitations at amino acid positions 256, 290,
298, 312, 356, 330, 333, 334, 360, 378 or 430 (residue numbering according to the EU
mdex) as deseribed in ULS. Pat. No. UR6737056,

In some embodiments deacribed herein, the bispecific EGFR/c-Met antibody of
the invention has 2 biantennary glycan structure with fucose content of about between 1%

to about 15%, for example 15%, 14%, 13%, 12%, 11% 10%, 9%, 8%. 7%, 6%, 5%, 4%,

o of 1% Insome embodiments, the bispecific EGFR/c-Met antibody has a glycan

structure with fucose conlent of about 30%, 40%, 45%, 40%, 35%, 30%, 25%, or 20%.

“Fucose content” means the amount of the fucose monosaccharide within the
sugar chain at Asn297. . The relative amount of fucose is the percentage of fucose-

coniaining struciures related o all glycostructures. These may be characicrized and

quantified by multiple raethods, for exaraple: 1) using MALDIL-TOF of M-glycosidase T

treated saraple (e.g. coumplex, hybrid and oligo- and bigh-mannose sttuctures) as described

Il Pat, Publ. No, WO2008/077546 2); 2} by eoxymatic release of the Asn297 glyeans
with subsequent derivatization and detection/ quantitation by HPLC (UPLL) with
fhiorescence detection and/or HPLC-MS (UPLC-MS}; 3} intact protein analysis of the

native or redoced mAb, with or without treatment of the Asn297 glycans with Endo S or

2

other enzyme that cleaves between the first and t

2
b
¥

he second GleNAC monosaccharides,

lgaving the fucose attached to the first GleMNAc; 4) digestion of the mADb to constituent

peptides by enzymatic digestion (€.g., trypsin or ndopa ptidase Lys-C), and subsequent

f = R

separation, detection and quantitation by HPLC-MS (UPLC-MS); 5) Separation of the

mAD olizosaccharides from the mAb protein by specific enzymatic deglycosylation with

1

PNGase F al Asn 297, The oligosaccharides thus released can be labeled with 2

1

fluorophors, separated and identified by various complementary techniques which allow:

.
o]
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fine characterization of the glycan structures by matrix-assisted laser desorption jonization

~
H
L

(MALDN) ruass spectroruetry by corpparison of the experimental roasses with the

theoretical masses, determination of the degree of sialylation by ion exchangs HPLC

~

{GlveoSep O, separation and quantification of the oligosacharride forms according to
hydrophilicily eritenia by normal-phase HPLC {(GlyeoSep N}, and separation and
gquantification of the oligosaccharides by bigh performance capillary electrophoresis-laser

mduced fhuorescence (HPCE-LIF).

“Low fucose” or “low fucose content” as used 10 the application refers to

antibodies with fucose content of about between 1%-15%.

“Normal fucose” or "‘normal fucose contend” as used herein refers to antibodies
with fucose content of about over 50%, typically aboul over 80% or over 85%.

Some enbodiments of the invention provide a synthetic nucleic acid encoding the
heavy chains and the light chains of the bispecific EGFR/c-Met binding antibodies of the
mvention as described herein as iseolated polynucleotides or as portions of expression
veetors or as portions of linear DNA sequences, incloding Hinear DNA sequences used for
in vitro transeription/translation, vectors compatible with prokaryotic, eukaryotic or
filamentous phage expression, secretion and/or display of the compositions or directed
nutagens thereof.

Some embodiments of the invention provide an isolated polynucieotide

comprising the pol;muc‘iee)tide sequence of SEQ 1D NOs: 205, 206, 207 or 208,

s solid phase poiy nucleotide synthesis on an awtomated polynucleotide synthesizer and
issembled mio complete single or double stranded reolecules. Alternatively, the
polynuclectides of the invention may be produced by other techmques such as PCR
followed by routine cloping. Techmques for producing or obtaining pelymucleotides of a
given known sequence are well known 1o the art.

The polynucieotides of the invention may comprise at least one non-coding
sequence, such as a promoter or enhancer sequence, intron, polyadenylation signal, a ¢is
sequence facilitating HepA binding, and the like. The polynucicotide sequences may also
coraprise additional sequences encoding additional anuno acids that encode for example a
marker or a tag sequence such as a histidine tag or an HA tag {o facilitate purification or
detection of the protein, a signal sequence, a fusion protein pariner such as RepA, Fo or

hacteriophage coat protein such as pIX or pHlL
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Seme embodiments described herein provide for a vector comprising the
polynucleotide of the tovention. Such veciors may be plasnid vectors, viral vectors,
vectors for baculovirus expression, ransposan based vectors or any other vector suitable

+
L

for introduction of the polynucleotide of the mvention into 3 given organisi or genetic
background by any means. For example, polynuclectides encoding heavy and hght chains
of the bispecific antibodics of the invention may be inserted 1nto expression vectors. The

light and heavy chains may be be cloned in the same or different expression vectors. The

fnne

DONA segmients encoding immunoglobulin chains may be operably linked to control

[

sequences in the expression vector{s) that ensure the expression of immunogiobulin
polypeptides. Such control sequences include signal sequences, promoters (e.g. naturally
associaied or heterologous promoters), enhancer elements, and transcripiion termination
sequences, and may be chosen o be compatible with the host cell chosen to express the
antibody. Once the vector has been jncorporated into the appropriate host, the host may be
maintained under conditions suitable for high level expression of the proteins encoded by
the incorporated synthetic polynuclentides.

Suitable expression vectors are typically rephicable int the host organisms cither as
cpisomes or as an integral part of the host chromosomal DNA. Commouly, cxpression
vectors contain selection markers such as anmpicillin-resistance, hygromycin-resistanee,
tetracycline resistance, kanamycin resistanes or necmycin resistance to permit detection of
those cells transtormed with the desired DNA sequences.

Some embodiments described herein provide for a host cell comprising the vector
of the invention. The term “host cell” refers to a cell into which a vector has been
wiroduced. Tt is undersicod that the term host cell is intended to refer not only to the
particular subject cell but to the progeny of such a cell. Becauss certain modifications

may occur in succeeding generations due io cither mutation or environmental influences,
such progeny may not be identical to the parent cell, but are stil included within the scope
of the torre "host cell” as used heretn. Such host cells may be eukarvotic cells, prokaryotic

cells, plant cells or archeal cells.

[

N
H
il

Exemplary cukaryotic cells may be of mamumalian, insect, avian or other animal
origins. Mammalian eukaryotic cells include immortatized cell hues such as hybridomas
or miyeloma cell bues sach ag SP2/0 (American Type Culture Collection (ATCC),
Manassas, VA, CRL-1581}, NS§ (European Collection of Cell Cultores (ECACT),
Salisbury, Wiltshire, UK, ECACC No. 85110503}, FO (ATCC CRL-1646) and Ag653
{ATCC CRL-1580) murine cell Imes. An exemplary human myeloma cell line s U266

(ATTC CRL-TIB-198). Other useful cell lines include those derived from Chinese
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Haroster Gvary {CHO) cells such ag CHG-K 18V (Lonza Biclogics
CHO-K1{ATCC CRL-61) or DG44,

ville, MD),

Uses of bispecific EGFR/c-Met FN3 domain contalning molecudes, bispectiic EGFR/-
e-Met antibodics sad EGFR-binding or o-Met binding FN3 domaias of the bnventisn
The bispecific EGFR/c-Met FN3 domain contamning molecules, the EGFR binding
FN3 domains, the c-Met binding FN3 domains or the bispecific EGFR-c-Met antibodies
of the invention may be used to diagnose, monitor, modulate, treat, alleviate, help prevent
the incidence of, or reduce the symptoms of human disease or specific pathologies in cells,
tissues, organs, fluid, or, generally, a host. The methods of the mvention may be used to

.

ireat an aniraal paticat belonging o any classificaiion. Exarapl

. o~
H
i

es of such antmals include

)

mammals such as fumans, rodents, dogs, cats and farnvdomestic animals,

One aspect of the mvention is a ethod for inbibiling growth or proliferation of
cells that express EGFR and/or ¢-Met, comprising condaciing the celis with the wsolated
bigpecific EGFR/¢-Met FN3 domain containing ranlecule, the EGFR binding FN3 domain,

/i~

the ¢-Met binding FN3 domain or the bispecific BGFR/e-Met antibody of the invention.
Another aspect of the invention is a method for inhibiting growth or metastasis of
EGFR and/or o-Met ~expressing tumor or cancer cells in a subject comprising
administering {0 the subject an effective amount of the iselated bispecific EGEFR/c-Met
FMN3 domain containing molecule, the EGFR binding FN3 domain, the ¢-Met binding FN3

2
b
¥

domain or the bispecific EGFR/c-Met antibody of the invention so that the growth or

metastasis of BGFR- and/or c-Met-expressing tumor or cancer cell is inhibited.

Another aspect of the invention is a method of treating a subject having cancer,
comprising administering a therapeutically effective amount of the isolated bispecific
EGFR/c-Met FN3 domain containing molecule, the EGFR binding FN3 domain, the ¢-Met
hinding FN3 domain or the bispecific EGFR/c-Met antibody of the invention to a patient

i need thereof for a tirae sufficient o treat the cancer.

The bispecific EGFR/c-Met FN3 domain containing molecule, the EGFR binding
FM3 domain, the c-Met binding FN3 domain or the bispecific BGFR/c-Met antibodies of
the inventior raay be used for reaiment of ary disease or disorder characierized by
abnownal activation or production of EGFR, ¢-Met, EGF, soluble EGFR, soluble ¢-Meat ar
other EGFR ligand or HGF, or disorder related 1o EGFR or ¢-Met expression, which may

or may not wvolve malignancy or cancer, where abrorial activation and/or production of
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EGFR, ¢-Met, EGF or other BGFR ligand, or HGF 1s ocourring in cells or tissuss of a

subject having, or predisposed to, the dig

@ or disorder.

The FN3 domaius that specifically bind ¢-Met and block binding of HGF 1o ¢-Met
of the invention may be for treatment of tumors, inchiding cancers and bemgn tumors.
Cancers that are amenable to treatment by the ¢-Met binding FIN3 domains of the
mvention inchude those that overexpress c-Met. Exemplary cancers that are amenable o
freatment by the FN3 domains of the invention include epithelial cell cancers, breast
cancer, ovarian cancer, hing cancer, colorectal cancer, anal cancer, prostate cancer, kidney
cancer, bladder cancer, head and neck cancer, gastric cancer, ovarian cancer, pancreatic
cancer, skin cancer, oral cancer, esophageal cancer, vaginal cancer, cervical cancer, cancer

of the spleen, testicular cancer, and cancer of the thynms

The FN3 domains that specifically bind EGFR and blocks binding of EGF to the
BEGFR of the invention may be used for treatinent of tumors, including cancers and benign
umors. Cancers that are amenable to treatrasat by the FN3 domains of the invention

melude those that overexpress EGFR or varianis. Excnmplary cancers that are amenable to
ireatraent by the FIN3 domains of the invendion inciude epithelial cell cancers, breast
cancer, ovarian cancer, lung cancer, ¢colorecial cancer, anal cancer, prostate cancer, kidney
cancer, bladder cancer, head and neck cancer, ovarian cancer, parcreatic cancer, skin
cancer, oral cancey, esophageal cancer, vs ginal cancer, cervical cancer, cancer of the
spleen, testicular cancer, and cancer of the thymus. The bispecific EGFR/c-Met FN3
domain containimg molecules or the bispecific EGFR/c-Met antibodies of the invention
may beused for weatmenl of tomors, inchiding cancers and benign tumors. Exemplary
cancers that are amenable to treatment by the bispecific EGFR/c-Met FN3 domain
containing molecule or the bispecific EGFR/c-Met antibody of the invention inchide those
that over-express EGFR and/or ¢-Met, cancers associated with elevated EGFR activity
and/or expression levels (such as, for example, an EGFR activating nwitation, an EGFR
zene amplification, or igand raediated EGFR activaﬁon) and eievated c-Met activity
and/or expression levels (such as, for example, a c-Met activating rautation, & ¢-Met gene

ampiification, or HGF mediated c-Met activation).

Exemplary EGFR activating mutations that may be associated with cancer include

point mutations, deletion nuitations, insertion owitations, inversions or gone araplifications
that lead to an increase in at least one biological activity of EGFR, such as ¢levated

tymwsine kinas

activity, formation of receptor hommodimers and heterodimers, enhanced

ind binding ctc. Mutations can be located i any portion of an EGER gene or
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regulatory regi

associated with an EGFR gene and inchide routations in ¢xon 1§, 19, 20
or 21 or routations o the kinase doraein, Excemplary activating EGFR owtations are
G719A, LR61IX {X being any amino acid), L8SHER, E746K, L7478, E74933, AT30P,
AT55V, V765M, , LESEP or T790M substitutions, deletion of E746-A750, deletion of

R748-P753, insertion of Ala between M766 and A767, insertion of SVA (Ser, Val, Ala)

]
J

between SToE and V768, and ingertion of NS (Asn, Ser) between P772 and H773. Other
examples of EGFR activating mutations are known in the art {(see e.g., U.S. Pat. Publ. No.
US2005/0272083). Information about EGFR and other ErbB receptors inchuding receptor
homo- and hetero-dimers, receptor ligands, autophosphorylation sites, and signaling
molecules involved in ErbB mediated signaling is known in the art {se¢ e.g., Hynes and

Lang, Nature Reviews Ca 5:341-354, 2005).

Exemplary ¢-Met activating mutations include point mutations, deletion
mmitations, insertion nutations, inversions or gene amplifications that lead to an increase in
at lcast one biological activity of a ¢-Met protein, such as elevated fyrosine kinase activity,
formation of receptor homodiumers and heterodimers, enhanced ligand binding ote.
Mutations can be Jocated in any portion of the c-Met gene or regulatory regions associated

2=

with the gene, such as rouiations 1o the kinase doraain of o-Met. Exeroplary c-Met
activating mutations are mutations at residue positions N375, VI3, V823, RI75, Vi34,
1229, 8323, ROEK, S1038/T1010 and E168, Methods for detecting EGFR and o-Met

mutations or gene amplifications are well knowa.

Excraplary cancers that are amenable to ireatraent by the bispecific molecuoles of
the invention such as the bispecific EGFR/c-Met auntibodies of the inveuntion include
epithelial cell cancers, breast cancer, ovarian cancer, lung cancer, non-small cell uug

cancer {NBCLC)Y, hing adenocarcinoma, small cell hing cancer, colorectal cancer, anal
cancer, prostate caneer, kidney cancer, bladder cancer, head and neck cancer, pharynx
cancer, cancer of the nose, panerealic cancer, skin cancer, oral cancer, cancer of the
tongue, esophageal cancer, vaginal cancer, cervical cancer, cancer of the spleen, testicular

et

cancer, gastric cancer, cancer of the thymus, colon cancer, thyroid cancer, liver cancer

{(hepatocellolar carcinoma (HCC)) or sporadic or hereditary papillary renal cell carcinoma

(PRCC).

Another aspect of the invention is a method of treating a subject having cancer,
comprising administering a therapeutically effective amount of the isolated bispecific

EGFR/c-Met antibody of the invention to a patient in need thereof for a time sufficient to

=t

reat the cancer, wherein the subject is homozygous for phenylalanine at position 158 of

3
[¥3)
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D16 (FoyRIa-138F/F genotype) or heterozygous for valine and pheynylalanine at

%

/Y genotype). CDH6 15 also known as the Fo ganoua

position 158 of CD16 (FoyRIEa-155

receptor Ha (FoyRUTa ) or the low affinity immeunoglobulin ganuna Fe region recoptor {11-

A soforra. Valine/phenylalanine (V/F) polymorphiso at FoyRHIa protein residue position
158 has been shown 1o affect FoyRUla affimty to human gG. Receptor with FeyRIHa-
1S8F/F or FeyRIa-158F/V polymorphisms demonstrates reduced Fe engagement and
thersfore reduced ADCC when compared to the FoyRIHa-158V/V. The fack of or low
amoun! of fucose on human N-linked oligosaccharides improves the ability of the
antibodics to induce ADCC due to oproved hinding of the antibodies o human FeyRIHa
{(CD16) (Shields ef o/, J Biol Chem 277:26733-40, 2002). The antibodies of the
mvention have reduced fucose content of about between 1% to about 10%. Insome
erabodiments, the bispecific EGFR/c-Met artibody has a glycan structure with fucose
content of about 50%, 40%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 9%, &%, 7%,
6%, 5%, 4%, 3%, 2% or [%. Therefore, the antibodies of the wverntion may be more
cfficacious in the treatracnt of patients with FeyRIla-158F/F or FeyRIHa-158F/V
genatypes. Patignts can be analyzed for their FeyRIHa polyreorphisio using routine

methods.

In some methods described herein, the antibodies of the tnvention may be used
treat a subject having cancer that is resistant or has acquired resistance to treatment with
one or more EGFR inhibitors. Exemplary EGFR nhibitors for which cancer may acquire
resistance are anti-EGFR antibodies cetuximab (Brbitox™), pantimumumab (Vectibix®™),
matuzumab, nimotazumab, small molecule BGFR inhibitors Tarceva® (erlotini 5}, IRESSA
(gefitinib), EKB-569 {pelitirdb, irreversible EGFR TKI), pan-ErbB and other receptor
tyrosing kinase johibitors, lapatinib (EGFR and HERZ whibitor}, pelitinib {EGFR and
HER? inbibitor),vandetanib (ZD6474, ZACTIMA™, EGFR, VEGFR2 and RET TKI),
PFO0299804 (dacomutingt, rreversible pan-EcbB TKIY, CLI-1033 {irreversible pan-erbB
TKI), afattmb (BIBW2992, irreversible pan-EebB T, AV-412 (dual EGFR and ErbB2
whibitor), EXEL-7647 (EGFR, ExbB2, GEVGR and EphB4 inbibitor), CO-1686
(reversible mutant-selective EGFR TKI}, AZD9291 Grreversible mutant-selective BEGFR
TK),and HKIE-272 (neratinib, wreversible EGFR/ErbR2 inhibitor). The methods
described herein may be used to treal cancer thal is resistant to reatment with gefivmb,
eriotinib, afatintb, CO-1686, AZDS291 and/or cetuximab. An exemplary antibody that

can be used 158 EM1-mAb.
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Another aspect of the invention is a method of freating a subject having cancer,

coraprising admimstening a therapauiically effective arnount of the isolated bispecifi
EGFR/c-Met antibody of the iavention o a patient in need thereof for a time sufficient to
treat the cancer, wherein the subject 1s resistant or has acquired resistance to treatment

with erlotinib, gefitirub, afatinib, CG-1686, AZDH291 or cetuximab,

Vanous qualitative and/or quantitative methods may be used fo deterirane if 2
suibject 1s resistant, has developed or is susceptible to developing a resistanes {o treatment
with an EGFR mbibitor. Symptors that may be associated with resistance to an EGFR
hibitor inchude, for exarmple, a decline or plateag of the well-being of the patient, an
merease in the size of a tumor, arrested or slowed dechine in growth of a tumer, and/or the
spread of cancerous cells in the body from one location fo other organs, tissues or cells.
Re-establishment or worsening of various symptoms associated with cancer may also be
an indication that a subject has developed or 1s susceptible to developing resistance to
EGFR inhibitors, such as anorexia, cognitive dysfunction, depression, dyspnea, fatigue,
bormonal disturbances, neutropenia, pain, peripheral neuropathy, and sexual dysfunciion.
The symptoms associated with cancer may vary according to the type of cancer. For
example, symptoms assoctaled with cervical cancer may inchude abnoomal bleeding,
unwsual heavy vaginal discharge, pelvic pain that is not relaied to the normal mensimal
cycle, bladder pain or pain during urination, and blecding between regular menstroal
periods, afier sexual ntercourse, douching, or pelvi 1. Syraptoms associated with
lung cancer may include persistem cough, coughing up blond, shortness of breath,
wheezing chest pan, loss of appetite, losing weight withoot trying and fatigue.

Symptoms for liver cancer may inclodeloss of appetite and weight, abdominal pain,
especially in the upper right part of abdomen that may extend into the back and shoulder,
nausea and vomiting, general weakness and fatigue, an enlarged liver, abdominal swelling

(ascites), and a yellow discoloration of the skin and the whites of eyes (jaundice). One

skilled in oncology may readily identify symptoms associated with a particular cancer

4
x

4

e

-
S

Others means to determine if a subject has developed a resistance to an EGFR

whibitor include exandning EGFR phosphorylation, ER¥1/2 phosphorylation and/or AKT

1
53
21

phosphorylation in canc -1is, where increased phosphorylation may be indicative thai

the subject has developed or is susceptibie to developing resisiance to an EGFR inbibiior.

Methods of deterraining EGFR, ERK1/2 and/or AKT phosphorylation are well known and

2

"1.

described herein. Mdeniification of a subject who has developed a resistance to an EGFR

3
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whibitor may involve delection of elevated o-Met expression levels or elevated ¢-Mat
aciivity, for example, arising frora increased levels of circulating HGF, an activating

roulation of the ¢-Met gene or a ¢-Mel gene aroplification.

o

Another ersbodiment of the invention is a method of treating NSCLC ina patient
having an NSCLC tumor or tumor nictastasis having an aclivating EGFR mutation ot
EGFR gene amplification, comprising administering o the palient a therapeuatically

effective amount of the bispecific EGFR/c-Met antibody of the invention.

The bispecific EGFR/c-Met antibodies of the invention can be used to treat nog-
smali cell lung cancer (NSCLC), which inchudes squamous cell carcinoma,
adenocarcinoraa, and large cell carcinoraa. Insome embodiments, cells of the NSCLC
have an epithelial phenotype. Tnsome embodunents, the NSCLC has acguired resistance

10 treatment with one or more EGFR inhibitors.,

I NSCLC, specific routations 1o the EGFR gene are associaled with high
response rales {70-80%) to EGFR tyrosine kinage inhibitors {(EGFR-TKIs). A S amine
acid deletion n exon 19 or the point mutation L858R 1n EGFR are associated with EGFR-
TKI sensitivity (Nakata and Gotoh, Expert Opin Ther Targets 16 :771-781, 2012). These
mnitations result 1o a ligand-independent activation of the EGFR kinase activity
Activating EGFR mutations occur in 10-30% of NSCLC patients and are significantly
more common i Hast Asians, women, never smokers, and patients with adenocarcinoma
histology (Janne and Johnson Clin Cancer Res 12{14 Suppl): 4416s-4420s, 2006). EGFR
gcne amplification s also sirongly correlated with response afier EGFR-TKI treatnent
(Cappuzzo ef o, I Natl Cancer Tost 97:643-55, 2005)

Although the majority of NSCLC patients with EGFR mutations initially respond
to EGFR TKI therapy, virtually all acquire resistance that preventis a durable response. 50-
60% of patients acquire resistance due to a second-site point tautation wn the kin
doraain of EGFR (T790M}. Nearly 60% of all turaors that become resistant to EGFR
iyrosine kinase inbibiiors jncrease c-Met expression, amplify the o-Met gous, or increase

its only known figand, HGF (Turke ef «l, Cancer Celi, [7:77-88, 2010},

Another embodiraents of the wveniion 1§ 2 method of treating patient having
cancer, coraprising administering a therapeutically effective araount of the hispecific
BGFR/e-Met antibody of the invention to a patient in need thereof for a time sufficient to

freat the cancer, wherein the cancer s associated with an EGFR activating mutation, an
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EGFR gene amplification, increased levels of civculating HGF, a ¢-Met activating
moutation, a o-Met gene amplification or a wotant KRAS.

Insome embediracnts the EGFR activating tutation s G719A, G719X (X being
anry aminge acid}, L861X {X being any amino acid}), LR538R, E746¥K, L7478, E748Q3,
ATS0P, AT55V, V765M, L8SEP or T790M substitution, deletion of B746-A750, deletion
of R748-P753, insertion of Ala {A) between M766 and A767, ingertion of Ser, Val and Ala

{SVA) between 5768 and V769, and inzertion of Asn and Ser (NS} between P772 and
H773.

Another embodiments of the invention is a method of treating patient having

(r

cancer, comprising administering a therapeutically effective amount of the bispecific

EGFR/c-Met antibody of the inveation to a patient in need thoreof for a time suificient to
ireat the cancer, wherein the cancer is associated with an EGFR mutation LS8R, T790M
or deletion of residues E746-A750 (del{E746, A750}), EGFR amplhification or ¢-Met

araphification.

In some embodinernts, the cancer is associated with wild type EGFR and wild

A
C/)

type c-Met.

Cancer 18 ¢

=
oy
&

In some embodiments, wssociated with wild type BGEFR and ¢-Me

i
1R
i

araplification.

e cancer 16 associated with BGFR LE58R and T790M

=3

In some embodiments,

milations and wild type c-Met,
In some embodiments, the cancer 1s associaled with BEGFR delenon del {E764,
AT50) and wild type c-Met.

In some embodiments, the cancer 1s associated with BGFR deleton del{E764,

AT50) and o-Met amphfication,

In some embodiments, the cancer 1s associaled with BEGFR deletion del{ E764

In some embodiracnts, the pationd hag a NSCLC agsociated with EGFR LE3SR
and T790M routations and wild type o-Met,

»assoctated with EGFR

In somwe enbodiments, the patient has a NSCL

amplification and wild type ¢-Met.

Tn sorae erabodiments, the patient hag a NSCLC associated with EGFR

ampiification and ¢-Met amplification.

3

~1
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In some embediracnts, the patiend has a NMSCLC associated with EGFR deletion

del{ E764, A730) and wild type o-Met,

It some embaodirnents, the patient has a NSCLC associated with EGFR deletion

del{ BE764, AT750) and ¢-Met araplification.

It some embaodinents, the patients are treated with the EMi-mAb of the
wmvention. The EM1-mAb of the invention shows efticacy inin vivo imor animal models,
when the tunors are assoctated with LBA8R, T790M, del{E746, A750) EGFR, EGFR

Fa 4
§

amplification, wild type ¢-Met and/or ¢-Met anpplification. Araplification of EGFR or ¢~

3,

Met maay be evaluated by standard methods, for example by determining the copy nuniber

of the EGFR or c-Met gene by southern blotiing, FISH, or comparative genomic
hybridization {CGH).

Another ernbodiments of the invention is a method of treating patient having
cancer, comprising administering a therapeutically effective amount of the bispecific
EGFR/e-Met antibody of the invention o a patient in need thereof for & time sufficient to

ireat the cancer, wherein the cancer is assoclated with EGFR mutations L83ER, T700M or
deletion of residues E746-A750 (del{E746, A750)), EGFR amplification or o-Met

amplification, and mutant KRAS.

In some embodiments, the mutant KRAS has a G12V substitation. KRAS belongs
1o the family of RAS proto-onc 3 encoding guanosine triphosphatases (GTPases), and

mediates BEGFR signal transduction downstream of the receptor. Tumors with proto-

oncogenic KRAS mustations such as the actvating G12V or G120 mutation would
therefore not be expected to be reatable by EGFR antibodies. Clinical studiss with anti-
EGFR antibodics cetuxiraab or panitumumab demonstrated that patienis with KRAS-
nurtated colorectal mors do vot respond to these agents (Van Cutsom ef @/, N Eng J Med
360:1408-1417, 2009; Licvre ef o/, J Chin Omeol 26:374-379, 2008; Amado e/ af, J Clin
Onool 26:1626-1634m 2008}, The bispecific EGFR/c-Mct antibodies of the invention
mediate KRAS mutand cell boe killing via effective ADCC, and therefore, contrary to the

current anit-EGER therapies, may be efficacious in treatment of patients whose cancer s

assoctated with KRAS activating mutations. Such excraplary antibody is the EM1-mAb.

The terms “treat” or “treatimeni” refers to both therapeutic reatraent and
prophylactic or preventative measures, wherera the object is 1o provent or stow down
{lessen) an undesived physiological change or disorder, such as the development or spread

of cancer. For purposes of this invention, beneficial or desived chnical results inclode, but

3
o
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are not Tuxuted to, alleviation of symptowms, dirownishment of exient of disease, stahilized
{1.e., not worsening) state of discase, delay or slowing of discase progression, amelicration

\

or palliation of the disease siate, and remission (whether partial or iotal), whether

detectable or undetectable. *“Treatment” can also mean prolonging survival as compared to
expected survival if not receiving treatment. Those 1 need of treatment inchide those
already with the condition or disorder as well as those prone o have the condition or

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

A Mtherapeutically effective amount” refers to an amount effective, at dosages and
for peniods of time necessary, to achieve a desired therapeutic result. A therapeutically
effective amnount of the bispecific EGFR/c-Met antibody of the invention may vary
according to factors such as the discase state, age, sex, and weight of the individual, and
the ability of the bispecific EGFR/c-Met antibody of the invention 1o elicit a desired
response in the individual. Exemplary indicators of an effective EGFR/c-Met therapeutic
that may decline or abate in association with resistance wchude, tor exaraple, improved

well-being of the paiient, decrease or shrinkage of the size of a fumor, arrested ot slowe

erowth of a tumor, and/or absence of metasiasis of cancer cells 10 other locations in the

bady.

Administration/ Pharmaceutical Compositions

The wvention provides for pharmaceutical compositions compuising the bispecific
EGFR/e-Met antibody of the invention and a pbarmaceutically acceptable carrier. For
therapeutic use, the bispecific BGFR/c-Met FN3 domain containing raolecules, the EGFR-

9

binding FN3 domains, the c-Met-binding FN3 doruains or the bispecific EGFR/¢c-Met
antibodies of the tovention may be prepared as pharmaceutical compositions containing an
cffective amount of the domain, molecule or antibody as an active ingredient in a
pharmaccutically acceptable carrier. The term "carrier” refers to a diluent, adyovand,
excipient, or vehicle with which the active compound is administered.  Such vehicles may
be liguids, such as water and oils, including those of petroleum, animal, vegetable or
synthetic origin, such as peanut oil, soybean oil, mineral oil, sesanie o1l and the like. For
example, 0.4% saline and 0.3% glycine can be used. These solutions are sterile and

B
H
i

zenerally free of particulate matter. They reay be stertized by conventional, well-known
sterilization techniques {e.g., filtration). The compositions pay contan pharreaceutically

.

ingical condiiions such

acceptable auxiliary substances as required to approximat@ physi.,



WO 2014/081954 PCT/US2013/071288

agents, ete. The concentration of the molecules or antibodics of the invention insuch
pharmaceutical forowlation may vary widely, /.e., froo less than about 0.5%, usually to at

icast about 1% to as much as 15 or 20% by weight and will be selected primarily based on
required dose, thid volumes, viscosities, etc., according to the particular mode of
admmistration selected. Surtable vehicles and formulations, inclusive of other uman
proteins, ¢.2., human serum albumin, are descnbed, for example, in e.g. Remington: The
Science and Practice of Pharmacy, 21% Edition, Troy, D.B. od., Lipincott Williams and
Wilkins, Philadelphia, PA 2006, Part 5, Pharmaceutical Manufacturing pp 691-1092, See
especially pp. 958-989.

The mode of adrainistration for therapeutic use of the bispecific EGFR/c-Met FN3
doreain containing molecules, the EGFR-binding FIN3 domains, the c-Met-binding FN3
doraains or the hispecific EGFR/c-Met antibodics of the invention may be any suitable

route that delivers the agent to the host, such as parenteral administeation, ¢.g.,
indradermal, intrarouscular, intraperitoneal, intravenous or subcutancous, pulraonary,

fransimucosal {oral, intranasal, intravaginal, rectal), using a forraulation in a tablet, capsuls,
solution, powder, gel, particle; and contained in a syninge, an immplanted deviee, osmotic
punip, cartridge, micropunip; or other means appreciated by the skalled artisan, as well
known m the art. Site specific admimstration may be achieved by for example
mitrarticiar, intrabronchual, wtraabdominal, intracapsular, intracartitaginous, intracavitary,
intracelial, miracerebellar, infracerebroventricular, intracolic, intracervical, intragastric,
nirahepatic, intracardial, intraosteal, intrapelvie, intrapericardiac, intraperitoneal,
ntrapleural, intraprostatic, intrapulmonary, intrarectal, intrarenal, intraretinal, intraspinal,
wtrasynovial, intrathoracic, intrauterineg, intravasculay, intravesical, irdraiesional, vaginal,

, sublingual, intranasal, or fransdermal delvery.

&

ctal, buccal

a1
H
i

Thus, a pharmaceutical composition of the invention for inframnuscular injection

may be prepared to contain 1 ml sterile bu

o

fered watex, and between about 1 g o about
100 mg/ka, e.g. about 58 ng to aboui 30 rag/ke or more preferably, about 5 mg to about 25
mg/ke, of the bispecific BGFR/c-Met FN3 domain containing molecules, the EGFR-
binding FIN3 domains or the ¢-Met-binding FN3 domains of the mvention.

The bispecific EGFR/c-Met auntibodies of the invention may be adminstered to a
patient by any suitable route, for exammple parentally by intravenous (IV) infusion or bolus
mjection, wtramuscularly or subcutancously or mraperitoneally. 1V infusion can be given
over as little as 15 minutes, but more often for 30 numutes, 60 minutes, 90 minutes or even
2 or 3 hours. The bispecific EGFR/c-Met antibodies of the invention may also be injected

directly into the site of disease {e.g., the tumor itself). The dose given to a patient having a

80
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cancer s suflicient to alleviate or at least partially awrest the disease being treated
(“therapeutically effective amount”) and way be sometines 0.1 to [0 mg/kg body weight

26,

{J

forexample 1,2, 3,4, 5, 6,7, 8 9or {0 mg/ke, but may even higher, for exaraple 15,
36, 40, 30, 6¢, 70, 80, 90 or 100 mg/kg. A fixed unil dose may also be given, for example,
58, 166, 206, 500 or 1000 mg, or the dose rnay be based on the patient’s surface area, ¢.g.,
400, 300, 250, 200, or 100 mg/m”. Usually between | and 8 doses, (g, 1,2, 3,4, 5,6,
or 8) may be adnmuinistered to treat cancer, but 10, 12, 20 or more doses may be given
Adminigtration of the bispecific EGFR/c-Met antibody of the invention may be repeated
after one day, two days, three days, four days, five days, six days, one week, two weeks,
three weeks, one month, five weeks, six weeks, seven weeks, two months, three months,
four months, five months, six mouths 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.

<y

For example, a pharmaceutical composition comprising the bispecific EGFR/c-
Met antibody of the nvention for intravenous infusion mway be made up 1o contain about
200 ml of sterile Ringer's solution, and about 8 mg to abowt 2400 mg, about 460 mg o
abowt 1600 mg, or about 400 mg to about 800 mg of the bispecific BEGFR/c-Met antibody
for adnunistration to a 8¢ kg patient. Methods for preparing parenterally adminisivable
composttions are well known and are deseribed in more detail i, for example,
"Remington's Pharmaceuntical Science”, 15th ed., Mack Publishing Company, Easton, PA.

The bispecific EGFR/c-Met FN3 domain containing molecules, the EGFR-binding
FM3 domains, the c-Met-binding FN3 domains or the bispecific EGFR/c-Met antibodies of

the invention raay be lyophilized for storage and reconstituied in a suilable carrier prior o

use. This techunique has been shown fo be effective with conventional protein preparations
and well known jyophilization and reconstifution techniques can be employed.

The bispecific EGFR/c-Met FN3 domain containing roolecules, the EGFR-binding
FN3 doraains, the c-Mel-hinding FN3 domains or the bispecific EGFR/¢-Met antibodies of
the ravention may be administered 1o combination with a second therapeutic agent
sinulianecusly, sequentially or separately. The second therapeatic agent may be a
chemotherapeotic agent or a targeted anti-cancer therapy.

The bispecific EGFR/c-Met antibody may be administered together with any one
or more of the chemotherapentic dnugs or other anti-cancer therapeutics kunown to those of
skill in the art. Chemotherapeutic agents are chemical compounds useful in the treatment
of cancer and include growth inhibitory agenis or other cytotoxic agents and inchude

alkylating agents, anti-metabolites, anti-microtubnile inhibitors, topoisomerase inhibitors,

oxX
s
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cceptor tyrosine kinase inhibitors, angiogencsis inbibitors and the bke. Exaoples of

chemotherapeutic agents include alkylating agents such as thiotepa ¢

cyclosphospharmide (CYTOXAN®); alky! sulfonates such as busulfan, improsulfan and

piposulian; aziridines such as benzodopa, carboguone, metaredopa, and wedopa;
ethyleninnnes and methylamelamines including altretamine, tnethylenemelaming,
triety lenephosphoramide, tnethylenethiophosphaoramide and trimethylolomelaming;
nitrogen mustards such as chiorambucil, chlormnaphazine, cholophosphamide, cstramustine,
ifostamide, mechlorethamine, mechlorethamine oxide hydrochioride, melphalan,
novembichin, phenesterine, prednimaustine, trofosfamide, wracil mustard; nitrosureas such
as carmusting, chlorozolocin, fotemustine, lomusting, nimustine, ranimusting; antibiotics
such as aclacinonyysins, actinomycia, authramycin, arasering, bleontycins, cactinonycin,
calicheamicin, carabicin, carminomycin, carzinophilin, chromomycins, dactinonwycin,
datnonibicin, detorubicin, 6-diazo-3-oxo-L-norleucine, doxorubicin, epirabicin,
gsorubicin, idambicin, marcellomycin, rartomycins, miycophenclic acid, nogalamycin,
olivomycins, peplomycin, potfiromycin, puroraycin, guelarnycio, rodombisin,
strepionigrin, streptozocin, tubercidin, ubenimex, zinostatin, zonibicin; anti-metabolites
sach as methotrenale and 5-FU; {olic acid analogues such as denopterin, methotrexate,
pteropterin, trinsetrexate; purine analogues such as fludarabine, §-mercaptopuring,
thiamipring, thiogianine; pyrimidine analogucs such as ancilabine, azacitidine, 6-
azauridine, carmofur, cylarabine, dideoxyuridine, doxifluridine, enocitabing, Hoxuriding;

androgens such as calusterone, dromostanolone propionate, epitiostanol, mepitiostane,

testolactone; anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic acid

=

eplenisher such as trolinic acid; aceglatone; aldophosphamide glycoside; aminolevalinic
acid; arasacrine; bestrabucil; bisantrene; edatraxate; defotaming; denecolcing; diaziquone;
clfornithine; elliptinium aceiate; etoglucid; gallium nitrate; hydroxyurea; lentinan;

lonidarnine; mitoguazone mitoxantrong; mopidamol; nifracring; pentostating phenamet;

pirarubicin; podophyllinic acid; 2-ethylbydrazide; procarbazing; PSK®; razoxans;
sizofiran; spivogermanium; tenuazonic acid; tnaziquone; 2,272 -tichlorstnethylaming;

vrethan; vindesing; dacarbazine; mannomaustine; nitobromtol; mitolactol; pipobroman;
gacytosing; arabinoside (“Ara-C”); cyclophosphamide: tnotepa; members of taxoid or

&

taxane family, such ag paclitaxel {TAXOL®&docetaxel (TAXOTERE®R

} and analogues
ther chlorambucil; gemeitabineg; 6-lhioguaning; mercaplopurine; methotrexate;
pla’tinum nalogues such as cisplatin and carboplatin; vinblastine; platinum; etoposide
{(VP-16); iostanmide; mitomycin C; mitoxantrone; vineristing; vinorelbine; navelbine;

novantrone; teniposide; daunomycin; aminoptering xeloda; ibandronate; CPT-11;

82
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topoisomerase inbibilor RFS 2000; diffuoromethylornithine {BMFO); retinoic acid;
esperanucing; capocitabine; inhibitors of receptor tyrosine kinases and/or angiogenesis,
wcluding sorafenib (NEXAVAR®), sunitinib (SUTENT® ), pazopanib (VOTRIENT™),
toceranib (PALLADIATM), vandetanib (ZACTIMA™), cediramb (RECENTIN®G),
regorafemb (BAY 73-4506), axitinib (AGR13738), lestaurtinib (CEP-701}, erlonmb
(TARCEVA®), gcﬁtinib (IRESSA™), RIBW 2892 (TOVOK™), lapatinib (TYKERB®),
neratinib (HKI-272), and the like, and pharmaceutically acceptable salts, acids or
derivatives of any of the above. Also incloded in this definition are anti-hormonal agents

that act to regulate or mwhibit hormone action on tumors such as anti-estrogens including

&

for example tamoxifen, raloxifene, aromatase inhibiting 4(5)}-imidazoles, 4-
bydroxytaraoxifen, troxifens, keoxifene, LY 117618, onapristons, and foremifenc
(FARESTON®Y; and anii-androgens such as flutamide, niluiandde, bicalutamide,
feuprolide, and goserelin; and pharmaceutically acceptable salis, acids or derivatives of
any of the above. Other conventional cylotoxic chernical compounds as those disclosed in
Wiemann ¢t al,, 1985, i Medical Oncology (Calabresi of al, eds.}, Chapter 10, McMillan
Puablishing, arc also applicable to the methods of the present invention.

Exemplary agents that may be used in combination with the bispecific EGFR/c-
Met FN3 domain containing molecules, the EGFR-binding FN3 domains, the c-Met-
binding FN3 domains or the hispecific BEGFR/c-Met antibodies of the invention inclade
tyrosme kinase inhibitors and targeted anti-cancer therapies such as Iressa® (gefitinib) and
Tarceva (erlotinib) and other antagonists of HERZ, HER3, HER4 or VEGF. Exemplary
HER? antagonists include CP-724-714, HERCEPTINM (trastyzamab), OMNITARG™
{pertuzumab), TAK-163, lapatinib (EGGFR and HERZ inhibitor), and (3W-282474,

oot

Exe‘mplaiy HER3 antagonists include anti-Her3 antibodies (see ¢.z., U5, Pat. Publ. No.

USR2004/0197332). Exeraplary HER4 antagonisis include anti-HER4 siRNAs (se¢ e.g.,
Maatia ef ¢f, Mol Biol Cell 17: 67-79, 2006,. An exeraplary VEGF antagonist is

Bevacitzumab (Avastin™),
When a simall molecule is used i combination with the bispecific EGFR/c-Met
autibody of the mvention, it is typically administered more often, preferably once a day,

5
H
i

but 2, 3, 4 or more times per day 1s also possible, as iz every two days, weekly or at some
other interval. Small molecule drugs are often taken orally but parenteral administraton is
also possible, e.g., by IV infusion or bolus mjection or subcutaneously or intramuscularly.
Doses of small molecule drugs may typically be from 10 1o 1000 mg, or about 100, 150,

200 or 250 me.

X
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When the bispecific EGFR/c-Met aptibody of the wvention is adrainisiered in
corabination with a second therapeutic agent, the combination may take place over any
convenient imeframe. For example, the bispecific EGFR/c-Met antibody and the second
therapeutic agent may be admimistered fo a patient on the same day, and even in the same
wtravenous fusion. However, the bispecific EGPR/e-Met antibody and the second
therapeutic agent may also be adminmistered on alternating days or allernating weeks,
forinights or months, and 530 on. In some methods, the bispecific EGFR/c-Met antibody
and the second therapeutic agent are administered with sufficient proximity in time that
they are simultancously present (c.g., in the serum) at detectable levels in the patient being
ireated. In some methods, an entire course of treatment of the bispecific EGFR/c-Met
antibody consisting of a mumber of doses over a time period 1s followed or preceded by a
course of treatment of the second therapeuiic agent also consisting of a number of doses.

In some metbads, treatment with the bispecific EGFR/c-Met anfibody administered second

k)
e
]
:'\.

is begun ifﬂm; ient has resistance or develops resisiance to the second therapeutic agent

administered ritially. The paticont may receive only a single course or mulliple courses of
treatment with one or both the bispecific EGFR/c-Met antibody and the second therapentic

agent. A recovery period of 1, 2 or several days or wecks may be used between
administration of the bispecific EGFR/c-Met ‘dl’lﬁb(}d}’ and the second therapeutic agent.
When a suitable treatment reginient has already been established for the second

o
)
-

therapeutic

wzent, E

at regimen may be used in combination with the bispecific EGFR/c-
Met antibody of the invention. For example, Tarceva® (erlotinib} is takenas a 100 mg or
156 mg pill once a day, and Iressa® {gefitinib) is taken as 250 mg tablet daily.

The bispecific EGFR/c-Met antibody, optionally in corabination with the second
therapeutic agent may be adrainistered together with any foro of radiation therapy
mcluding external beam radiation, intensity modulated radiation therapy OMRT) and any

form of radiosurgery including Gamma Knife, Cyberknife, Linac, and nterstitial radiation

{(e.g. tmplanted radicactive seads, GliaSile bailoon), and/or with surgery. Conthination

M

)
Go

with radiation therapy can be especially approprate for head and neck cancer and brain

ormaors.
Winle having described the invention in general terms, the erubodiments of the
wvention will be further disclosed in the [ollowing examples that should not be construed

as limiting the scope of the claims.

Example 1. Construction of Tencon libraries

o
dn
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encon (SEQ ID NOG: 1) is an tnunwnoglobulin-like seaffold, Gbronectin type 1H

{(FN3}) domain, designed from a consensus sequence of fifteen FN3 domains from buman

Selection, 25:167-117, 2012;

tenascin-C (Jacobs ef f., Protein Engineering, Design, ang
UL5. Pat, Publ. No. 2010/0216708), The crystal structure of Tencon shows six surface-

exposed loops that connect seven beta-strands. These loops, or selected residues within
each loop, can be randomized 1o order o construct ibraries of {ibronectin type HE (FN3)

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

LPAPEMLVVSEVTEDSLRLSWTAPDAAFDSFLIQYQUESEKVGEAINLTVPGSERSYDLTGLK
POTEYTVSIYOGVEGGHRSNPLSAEFTT (SEQ D NO 1

Counstruetion of TCLY library
A library designed to randoraize only the FG loop of Tencon (SEQ ID N 1),
TCLE, was constructed tor use with the cis-display system (Jacobs er af., Protein

mgineering, Design, and Selection, 25:107-117, 2012). In this system, a single-strand

DNA ncorporating sequences for a Tac promoter, Tencon library coding sequence, RepA
coding sequence, cis-clement, and ori element s produced. Upon expression 1o an in vifro
transcription/translation syster, a complex 13 produced of the Tencon-RepA fusion 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.

Congtruction of the TCL1 library for use with ois-display was achicved by
suceessive rounds of PCR to produce the final linear, double-stranded DNA moleaules in
two halves; the 57 fragment contains the promoter and Tencon sequences, while the 37
fragment contains the repd gene and the cis- and ori elements. These two halves are
combined by restriction digest i order lo produoce the entire construct. The TCL1 library
was designed to incorporate random amine acids only in the FG loop of Tencon,
KGGHRSN (5EQ 1D NG: 86). NNS codons were used in the construction of this brary,
resuliing in the possible incorporation of all 20 apuno acids and one stop codon indo the
P loop. The TCLI fibrary contains six separate sub-librarics, gach having a different

andomized FG loop length, from 7 to 12 residues, w oxder to further increase diversity.

Design of Tencon-based lihraries are shown 1 Table 2

(]
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Table 2.

PCT/US2013/071288

Library

WT Tencon

TCLY

TCL2

BC Loop Design

F(G Loon Design

TAPDAAFD*

TAPDAAFD*®

KGGHRSN**

KXXXXXKXX

2. 6:0:0:9.9.0.0.0:9.4

X

XX

FTAPDAAFD: residues 22

2% of SEQIDNG: [
FRGGHRSN: SEQ ID NG: 86

X refers fo degenerate amino actds enceded by WNNS codons.

# refers to the “designed distribution of anino acids” described in the text.

To construct the TCL | library, suceessive rounds of PCR were performed 1o

append the Tac promoter, build degeneracy wnto the FG loop, and add necessary resiriction

sites for {inal assernbly. First, 2 DNA sequence containing the promoter sequence and

Tencon sequence 5° of the FG loop was generated by PCR intwo steps. DNA

corresponding to the full Tencon gene sequence was used as a PCR template with primers

POP2220 (SEQID NO: 2) and TCS1oF G (SEQID NO: 3). The resulting PCR product

from this reaction was used as a template for the next round of PCR. ampl

0

e

ification with

primers 130mer (SEQID NO: 4) and Te5"1oFG to complete the appending of the 5° and

promoter sequences to Tencon, Next, diversity was ntroduced into the FG loop by

amplifying the DNA product produced in the first step with forward primer POP2222
(SEQID NO: 5), and reverse primers TCF7 (SEQID NO: 6), TCFB (SEQIDNO: 7,
TCFY (SEQID NO: £, TCF10 (SEQIDNG: 9), TCFL (SEQID N NO: 10}, or TCFi2

(SEQID NG: 11}, which contain degencrate nucleotides, At least eight 1060yl PCR

reactions Were per

86

formed for ¢ach sub-library o rotnwndze PCR ¢vcles and maxiize the
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diversity of the library. Al least § pg of this PCR product were gel-purified and used ina
subseguent PCR step, with primers POP2222 (S3EQ 1D NO: 5) and POP2234 (SEQID NO:

123, resulling in the altachment of a 63His 1ag and Noil restriction site to the 37 ¢nd of the

Tencon sequence. This PCR reaction was carried out using only fifteen POR cycles and at
isast 500 ng of terplate DMAL The resulimg PCR product was gel-purilied, digested with

Notl restriction enzyme, and purified by Qlagen column.

The 3 fragment of the library is a constant DNA sequence containing elemnents for
display, inclading a PspOMI restriction sile, the coding region of the repd gene, and the
cis- and ort elements. PCR reactions were performed using 3 plasmid (pCR4Blunt}
(Invitrogen) containing this DNA fragment with M13 Forward and M13 Reverse priniers.
The resulting PCR products were digested by PspOMI overnight and gel- puzif’ed. To
ligate the 57 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 37 repd DINA 1 the presence of Motl and
PepOMI 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 into twelve PCR amplifications and a 12-cycle PCR reaction was run with primer pair
POP2250 (SEQID MG: 13) and DidLigRev (SEQID NO: 14). The DNA vield for each

~library of TCLI bibrary ranged from 32-34 ug.

To assess the quality of the library, & small portion of the working Hibrary was
araplifiod with primers TeconSnow?2 (SEQID NO: 15) and Teond (SEQID NO: 16), and
was cloned into a modified pET vector via ligase-independent cloning. The plasmid DNA,
was transformed inte BL21-GOLD (DE3) corapetent cells (Siratagene) and 96 randomly
picked colonies were sequenced using a T7 promoter primoer, No duplicate sequenses
were found, Orverall, approximately 78-85% of clones had a comiplete promoter and
Tencon coding sequence without frame-shift motation. The functional sequence rale,

which excludes clomes with STOP codons, was between 39% and 80%.

Ceonstruction of TCL2 Library

TCL2 bbrary was coustructed i which both the BC and the FG loops of Tencon
were randormzed and the distribution of amino acids at each position was strictly
controlled. Table 3 shows the amino acid distribution at desired loop positions in the
TCLZ bbrary., The designed ammno acid distribution had two aims. First, the bibrary was

biased toward residues that were predicted to be structurally nnportant for Tencon folding

o0
~1
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and stability based on analysis of the Tencon crystal structure and/or from horaology

madeling. For examples, position 29 was fixed to be only a subset of hydrophobic amino
acids, as this residue was buried i the hydropbebic core of the Tencon fold. A second
layer of design included biasing the amino acid disiribution toward that of residues
preferentially found o the heavy chain HCDR3S of antibodies, to efficiently produce high-
affimity binders (Birtalan ef o, J Mol Biol 377:1518-28, 2008; Olson et ¢, Protern 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,
ghutamic acid, 1.5% glutamine, 15% glycine, 2.3% histidine, 2.5% isoleucine, 5%
leucing, 1.5% lysine, 2.5% phenylalanine, 4% proline, 10% serine, 4.5% threonine, 4%
iryptopban, 17.3% tyrosine, and 4% valine. This distribution s devoid of wethionine,

cysteing, and STOP codons.

Table 3.

Residue

‘ WT residues Dnstribution 1n the TCL2 library
Posiion™®

22 T designed distribution

23 A designed distribution

24 P 50% P+ designed distribution

25 D designed distribution

26 A 20% A+ 20% G + designed distribution

27 A desigued distribution

8 F 20%F, 20% T, 20% 1, 20% V, 200 Y

29 D 33% D, 33% E,33% T

75 K designed distribution

76 G designed distribution

77 G designed distribution

7% H designed disiribution

79 R designed distribution

80 S 1007 8

81 N designed disiribution

%2 P 50% P + designed distribution

e
o0
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*residue numbering is based on Tencon sequence of SEQ D NO:

The §° fragment of the TCL2 library contained the promoter and the coding region
of Tencon {SEQ ID NO: 1), which was chemically synthesized as a library pool (Sloning
Biotechnology), This pool of DMNA contained at Jeast 1 x 147 1 different reembers. At the
end of the fragment, a Bsal restriction sits was mchaded in the design for ligation to Repd.

The 3" fragment of the library was a constant DNA sequence contaming elements
for display including a 6xHis tag, the coding region of the repd gene, and the cis-cloment.
The DMNA was prepared by PCR reaction using an existing DNA template (above), and

priracrs LS1008 (REQID NO: 17) and DidLigRev (SEQID NOn 14). To assemble the

coraplete TCL2 Bibrary, a total of | ug of Bsal-digested 5° Tencon library DMNA was

ligated 0 3.5 pg of the 3” fragrnent that was prepared by restriction digestion with the
same enzyrae, After overnight ligation, the BINA was purified by Qiagen cotumn and the

v mecasuring absorbance at 260 nm. The ligated library product was
amplified by a 12-cycle PCR reaction with primer pair POP223¢ (SEQID NO: 13) 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 worling library DNA
was about 100 pg. A small portion of the working library was sub-cloned and sequenced,
as described above for library TCLY. No duplicate sequences were found. About 80% of
the sequences contained complete promoter and Tencon coding sequences with no frame-

1

shift mutations.

Constroction of TCL14 Library

[

The top (BC, DE, and FG) and the bottom (AR, CD, and EF} loops, ¢.g., the
reported binding surfaces in the FN3 domatns 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-paratiel beta-strands, the © and the F beta-strands,
and the CD and FG loops, and is herein called the C-CPD-F-FG surface

A library randomizing an alternative surface of Tencon was generated by

randonuzing select surface exposed residues of the C and F strands, as well as portions of

the CD and FG loops as shown w Figure . A Tencon vanant, Tencon27 (SEQ 1D NG

S

99 having following substititions when conpared to Tencon (SEQ 1D NO: 1) was used
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generate the Hibrary; ELIR L1174, N46V, E861. A full desoription of the methods used o

construct this Bbrary is described 1o US. Pat. Publ. No. UR2013/0226834

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

Library sercening

Cis-display was used to select EGFR binding domains from the TCL1 and TC
librarics. A recombinant human extracellular domain of EGFR {used to an IgGl Fo (R&D
Systems) was biotinylated using standard methods and used for panning (residues 25-645
of full length EGFR of SEQ 1D NU: 73). For in visro transcription and translation (ITT),
2-6 ug of library DNA were incubated with 0.1 miM complete amino acids, 1X $30 premux
corapongats, and 30 ul. of S30 extract (Promeza) in a total volume of 100 ul and
incubated at 30°C. After | hour, 450 pl of blocking soiution (PBS pH 7.4, supplemented

with 2% bovine serum albumin, 100 pg/mL herring sperm DNA, and 1 mg/ml heparin)
were added and the reaction was incubated onice for 15 winutes. EGFR-Fo:EGF

ihled at molar ratios of 10l and 10:1 EGFR 1o EGF by mixing
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recombinant human EGF (R&D Systems) with bintinylated recombinant EGFR-Fo in
blocking selution for | hour at room temperature. For binding, 500yl of blocked ITT
reactions were miixed with 100 b of EGFR-Fo:EGF coniplexes and incubated for 1 hour
at room temperature, after which bound complexes were pulled down with magnetic
neutravidin or streptavidin beads { Scra«iyne)u Unbound library members were removed by

1
b
¥

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 Hgation for further rounds of
panming. High affinity binders were isolated by successively lowering the concentration

of target EGFR-F¢ during cach round from 260 oM 1o 50 1M and increasing the washing

siringency. Inrounds 4 and 5, unbound and weakly bound FN3 domains were removed by
washing in the presence of a 10-fold molar excess of non-hintinylated EGEFR-Fe avernight

in PBS.

Following panning, selected FN3 domaing were amplified by PCR using

oligonucieotides TeonSnew?2 (SEQID NO: 15) and Teond (SEGID NO: 16), subclonad

¢ independent cloning site, and transforraed

Pl

indo a pET vector modified to toclude a higa

inie BL2T-GOLD {DE3) (Stratagene) cells for soluble expression in £, coli using standard
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molecular biology techuiques. A gene seguence encoding a C-terminal poly -histidine tag
was added to each FN3 domain to enable purification and detection. Cultures were grown
1o an optical deusity of 0.6-0.8 in 2Y'T mediurg suppleraented with 100 pg/ml
carbemcillin in I-mL 96-well blocks at 37°C before the addition of IPTG to 1 mM, at
which point the temperature was reduced o 30°C. Cells were harvested approximately 16
hours later by centrifugation and frozen at -209C. Cell lysis was achieved by meubating
each pellet in 0.6 bl of BugBuster® HT lysis buffer (Novagen EMID 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 % bind EGFR ina more

physiological context, their ability to bind A431 cells was measured. A431 cells

o

{American Type Culture Collection, cat. #URL-1555) over-cxpress EGFR with ~2 x 10

eceptors per cell. Cells were plated at 5,000/well in opague black 96-well

[T
pasdiy
o
o~
==
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[T

allowed to attach overnight at 37°C, m & humidified 5% CO; atmosphere. FN3 domain-
expressing bacterial tysates were diluted 1,00¢-fold into FACS stam buffer (Becion
Dickinson} and incubated for 1 bour at room temperature in iniplicate plates. Lysates were
removed and cells were washed 3 times with 150 pl/well of FACS stain buffer. Cells
were incubated with 50 pl/well of anti-penta His-Alexad88 antibody conjugate {Qiagen)
dilated 1:100 in FACS stain buffer for 20 minutes at room temperature. Cells wer

-
>}
24

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 488 nm using an Acumes ¢X3
recader. Bacicrial lysates containing FN3 domains were screened for their ability to bind
Ad431 calls {1320 crude bacterial lysates for TCL1 and TCL2 libraries) and 516 positive
clones were identified, where binding was >10-fold over the background signal. 300
fysates from the TCL 14 Tibrary were screened for binding, vesulting in 5% unique FN3

doraain seguences that bind to EGFR.

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

To better characterize the mechanism of EGEFR binding, the ability of various
identified FN3 domain clones o bind EGFR in an EGF-competitive manner was measured
using A431 cells and run in paralle] with the A431 binding assay screen. A431 cells were

plated at 3,000/well in opaque black 96-well plates and allowed to attach overnight at
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37°C 1 & humidified 5% CO; atraosphore, Cells were Incubated with 50 pL/well of
111,000 diluted bacterial lysate for | hour al room temperature 10 triplicate plaic
Bintwoylated EGF {Invilrogen, cat. #E-3477) was added 1o cach well for a final
concentration of 30 ng/mb and incobated for 10 mumies at room ternperatore. Cells were

washed 3 times with 150 pl/well of FACS stain buffer. Cells were moeubated with §

wh/well of streptavidin-phycoerythrin conjugate (Invitrogen) diluted | i 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 ub of FACS stain buffer and

read for fluorescence at 600 nm using an Acamen eX3 reader

Bacterial lysates containing the FN3 domains were screened 1 the BGF
competition assay described above. 1320 crade bacterial lysates from TCLI and TCL2
libraries were screcned resulting in 451 positive clones that inhibited EGF binding by >

50%.

Expression and Purification of idestified FN3 dormains binding EGFR

His-tagged FN3 domains were purified from clanified . coli lysates with His
MuliiTrap™ HP plates (GE Healtheare) and ¢huted nbuffer containing 20 M sodom
phosphate, 500 mM sodium chloride, and 250 mM imidazole at pH 7.4, Purified samples
were exchanged into PBS pH 7.4 for analysis asing PD MultiTrap™ G-25 plates {GE

N
Js

Healtheare

Size Exclusion Chromatography Analysis

Size exclusion chromaiography was used to deterraine the aggregzation state of the
FN3 domains binding EGFR. Aliquots (10 pul) of each purified FN3 domain were
mjected onto a Superdex 75 5/150 column (GE Healthcare) at a flow raie of 0.3 mL/min in
2 mobile phase of PRS pH 7.4, Elution from the column was monitored by absarbance at
280 . FN3 domains that exhibited bigh levels of aggregation by 3EC were excluded

from further analysi

Off-Rate of Selected EGFR-binding FN3 domains from EGFR-Fe
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Seloct EGEFR-binding FN3 domains were screened to wdentify those with slow off-
rates (koz} in binding to EGFR-Fe on a ProteOn XPR-36 instrument {Bio-Rad) to facilitate
selection of high affinity binders, Goat anti-buman Fe 1gG (R&D systerns), at a
concentration of 5 pg/ml, was directly imimobilized via amine coupling (at pH S.0) on al
& ligand channels 10 horizontal orierdation on the chip with a flow rate of 30 gl/min in
PBS containing 0.005% Tween-20. The immobihization densities averaged about 1500
Response Units (RU) with less than 5% variation among different channels. EGFR-Fe
was captired on the anti-human Fe IgG surface to a density around 600 RU inn vertical
ligand orientation. All fested FN3 domains were normalized to a concentration of 1 pM
and tested for their binding in horizontal orientation. All 6 analyte channels were used for
the FN3 domains to maximize screening throughput. The dissociation phasc was
monitored for 10 minutes at a flow rate of 100 ph/mun. The wter-spot binding signals
were used as references to reontior non-specific binding betwoen analytes and the
iromobilized TgG surface, and were subtracted from all binding responses. The processed
binding data were locally Ht1o a {11 simple Langrouir hinding model 1o extract the kg for

cach FN3 domain binding to captured EGFR-Fc.

Inkibition of EGF-Stimulated EGFR Phospherylation

Purified EGFR-binding FN3 domains were tested for their ability to inhibit EGF-
stimulated phosphorylation of EGFR in A431 cells at a single concentration. EGFR
phosphorylation was monitored using the EGFR phosplo(Tyrl 173) kit {Meso Scale
Discovery). Cells were plated at 20,000/well in cloar 96-well tissue culture-treated plates

(Mhunc) in 160 ul/well of RPMI medium (Gibeo) containing GlutaMAX ™ with 10%, fotal

bovine serura {(FBS) (Gibeo) and allowed io attach overnight ai 37°C in a buraidified 5%
{0, atmosphere. Culture roedium was reraoved completely and cells were starved

/

ovcmig'i i 100 pl/well of roediurn containing no FBS at 37°C ina bumddificd 3% €O

cre, oells were then treated with 100 ul/well of pre-warmed (37°C) slarvation

mospHhe
medivm comaining EGFR-binding FN3 domains at a concentration of 2 uM for | hour at
37°C in 2 hurmdified 5% CO, atmosphere. Controls were treated with siarvation medim
only. Cells were stimulated by the addition and gentle mixing of 100 ul/well of pre-
warmed (37°C) starvation medivm containmg 100 ng/mL recombinant human EGF (R&D
Systems, cat. #236-EG), for final concenirations of 50 ng/mL EGF and 1 pM EGFR-
binding FN3 domain, and mcubation at 37°C, 5% €O, for 15 minutes. One set of control

1

wells was Jeft un-stimulated as negative controls. Mediun was completely removed and

e
[¥3)
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cells were lysed with 108 pL/well of Complete Lysis Buffer {(Meso Scale Discovery) for
10 minwtes at rooim toraperature with shaking, as per the manufacturer’s instroctions.

Assay plates configured for measuring BGER phospborylated oun tyrosine 1173 (Meso
seale Discovery) were blocked with the provided blgcking solotion as per the
manufactarer’s mstructions at roont temperatore for 1.5-2 hours. Plales were then washed
4 times with 200 ul/well of X 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 uL/well of Tris Wash Bufter, after which 25 ul of
ice-cold Detection Antibody Solution (Meso Scale Discovery) were added to cach well,
being caretul not to introduce bubbles. Plates were incubated at room temperature with
shaking for 1 hour, followed by 4 washes with 200 ul/well of Tris Wash Buifer. Signals

were detected by addition of 150 pL/well of Read Buffer (Meso Beale Discovery) and

reading on a SECTOR® huager 6000 nstrarnent (Meso Scale Discoveary) using
manufacturer-installed asgsay-specific defanlt settings. Porcent inhibition of the EGF-

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

Tohibition of EGF-stirsulated EGFR phnmhnt lation was measured for 232
identified clones from the TCLL and TCL2 Bibraries. 22 of these clones inbibited EGFR
phosphorylation by >30% at | uM concentra After vemoval of clones that either
expressed poorly or were judged to be raultiracric by size exclusion chrornatography, ning
clones were carned forward for further biological charactenization. The BC and FG loop
sequences of these clones are shown in Table 4. Eight of the nine selected clones had «
common FG loop sequence (HNVYKDTNMRGL; SEQ ID NO: 95) and areas of

S

significant similarity were seen between aseveral clones m their BC loop sequences.

Table 4,
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PN3 Domain B Loop PG Loop
Clone 1D S};’SD Sequence KL*:‘Q)I.) Szquence SLL\{Z){D
PS3AIRS-17 i8 ADPHGEYD 87 HNVYEDTNMRGL 95
P54AR4-17 19 TYDRDGYD 58 HNVYRKDINMRGL a5
P54AR4-47 20 WIIPFRFYT 84 HNVYRKDINMRGL a5
PS4AR4-45 21 DOPRGFYE 90 HNVYKDTNMRGL 95
PS4AR4-T3 22 TWPYADLD a1 HNVYKDTNMRGL 95
P54AR4-74 23 GYNGDHED 92 HNVYKETNMRGL 95
P34AR4-81 24 DYDILGVYLD 93 HMNVYKDTNMRGL 95
P34AR4-83 25 DDPWDFYE 4 HMNVYKDTNMRGL 95
P54CR4-3] 26 TAPDAAFD 85 LGSYVFEHDVM 96

Examgple 3: Characterization of EGFR-binding FN3 domains that Inhibit EGF
Binding
Large-scale Expression, Purification, and Endotoxia Removal

The FN3 domaius showa in Table 4 were scaled up to provide raore material for
detailed charvacierization. An overmght culture containing each EGFR-binding FN3
domain variant was used to inoculate 6.8 L of Tereific broth muedium supplernented with
106 e/l arapicitliv at a /80 difution of overnight coliure into fresh medium, and
meubated with shaking at 37°C. The calbire was induced when the optical density at 600
nin reached ~1.2-1.5 by addition of IPTG to & final concentration of 1 mM and the
temperature was reduced 1o 30°C. After 4 hours, cells were collected by centrifiigation

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

i1
H
8

For cell lysis, the thawed pellet was resuspended in 1X BugBuster® sopplemented
with 25 U/l Benzonase® (Sigma-Aldrich) and 1 EU/ml rLysozyme™ (Novagen EMD
Biosciences) at a ratio of 5 mb of BugBuster® per gram of peliet. Lysis proceeded for |
hour at room temperature with gentle agitation, followed by centrifugation at 56,000 x g
for 50 minutes at 4°C. The supernatant was collected and filtered through a 0.2 ym Olter,
ther Joaded on to 2 3-mb HisTrap FF column pre-equilibrated with Buffer A (50 mM Tris-
HCLpH 7.5, 500 mM NaCl, 10 oM imidazole) using a GE Healtheare AKT Asxplorer
100s chromatography systera, The colimn was washed with 20 column volumes of Buifer
A and further washed with 16 % Buifer B (50 mM Trig-HCE pH7.5, 500 mM Na(l, 250
mM imidazole) for 6 column volumes, The FN3 domains were eluted with 30% B for 10

column vohumes, followed by a gradient fr

~
f
v

s 5G-100% B over 6 coluran volumes.

"1

Fractions containing the FMN3 domain protein were pooled, concentrated using a Millipore

)
(o]
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10K MWCO concentrator, and filtered before loading onto 2 Hilload™ 16/60 Superdex™
75 column (GE Healthcare) pre-equilibrated with PBS. The protein monamer poak cluting
' $ co1 . © I T e - o

from the size exclusion colurnn was retained.

Endotoxins were removed using a bateh approach with ActiClean Etox resin

{(Sierogene Bioseparations). Prior to endotoxin vemoval, the resin was pre-treated with |
N NaGH for 2 hours at 37°C {or overmght at 4°C) and washed exiensively with PR3 untit
the pH had stabilized 1o ~7 as measured with pH indicator paper. The purified protein was
filtered through 3 0.2 pm filter before adding to 1 b of Blox resin at a ratio of 1§ mb of
protein to 1 mL of resin. The binding of endotoxin to resin was allowed to proceed at
roomn temperature for at least 2 hours with gentle rotation. The resin was removed by
cemrif-‘gation at 500 x g for 2 minutes and the protein supernatant was retained.
Endotoxin levels were measured using EndoSafe®-PTS™ carlridges and analyzed on an
EndoSale®-MCS reader {Charles River). If endotoxin levels were above § BEU/mg after
ihe first Etox treatment, the above procedum was repeated until endotoxin levels were
decreased to =5 EU/mg. In cases where the endotoxin fevel was above 53 EU/mg and
siabilized after two consecutive treatments with Etox, anion exchange or hydrophobic
inieraciion chromatography conditions were established for the protein to reraove the

cmaining ¢ndotoxins,

Affinity Determination of Sclected EGFR-binding FN3 domains to EGFR-Fe (EGFR-
Fe Affinity)

Binding affinity of selected EGFR-binding FN3 domains o recombinant BEGFR
extracellular domain was further characterized by surface Plasmon resonance methods
using a Proteon Instrament (BioRad). The assay set-up (chip preparation, EGFR-Fc
capture) was similar to that described above for ofi-rate analysis. Selecied EGGFR binding
FN3 domains were tested at | pM concentration in 3-fold diluiion series in the borizonia
orierdation. A buffer saraple was also injected to monitor the bascline stability. The
dissociation ph,m, for all concentrations of each EGFR-binding FN3 domain was
monitored at & flow rate of 100 ywl/mm for 30 minutes (for those with ko ~107 5 from
off-rate screening), ot | bour {for those with kg ~1 07 ¢ or slovwre ), Two sets of reforence
data were subtracted from the response data: 1) the inter-spot signals to correct for the
non-specific inleractions between the BGFR-binding FM3 domain and the immobilized

1gG surface; 2} the buffer channel signals to correet for baseline drifting due to the
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dissociation of captured EGFR-Fe surface over timme. The processed binding data at all
concentrations for cach FN3 domain were globally fitfo a L1 stople Langrouir hinding
mde] to extract estimates of the kinetic (o, ko) and affinity (K} constants. Table
shows the kinetic constanis for each of the constructs, with the affinity varying from 200

pM 10 9.6 nM.

Binding of Selected EGFR-binding FN3I demains f¢ EGFR on Cells (*A431 Cell
Binding Assay™)

A431 cells wers plated at 3,000/well in opague black 96-well plaies and allowed
to attach overnight at 37°C, in & hunudified 5% CO; atraosphere. Purified EGFR-binding
FN3 domains (1.5 oM to 30 uM) were added o the cells (i 30 gl) for 1 hour at room

teraperature in triplicate plates. Supernatant was removed and cells were washed 3 times

with 150 ul/well of FACS stain bulfer. Cells were wcobated with 30 pl/well of anti-
penia His-Alexad®8 antibody conjugaic (Qlagen) diluted 1:160 in FACS siain buifer for
20 minutes at room temperature. Cells were washed 3 times with 150 pl/well of FACS
stain buffer, afler whach wells were {illed with 100 ul. of FACS stain buffer and read {or
fhrorescence at 488 nmvusing an Acumen eX3 reader. Data were plotted as raw
fhiorescenee signal against the logarithm of the FN3 domain molar concentration and
fitted to a sigmoidal dose-response curve with variable slope using GraphPad Prism 4
{GraphPad Software) to calculate ECso values. Table S reports the ECs, for each of the

constructs ranging from 2.2 nM o> 20 M.

Inhibition of EGF Binding to EGFR on Cells asing Seleeted EGFR-binding FN3

domains (A431 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 & humidified 3% CO;, atmosphere. Purified EGFR-binding
FN3 domains (1.5 oM to 30 M) were added to the cells (50 pl/well) for 1 hour at room
teriperature in trplicate plates. Biotinylated EGF (Invitrogen, Cat #: E-3477) was added
o cach well to give a final concentration of 3¢ ng/mL and incubated for 10 mimutes at
room temperature. Cells were washed 3 times with 150 pl/well of FACS stain buffer.

Cells were incubated with 50 pL/well of streptavidin-phycoerythrin conjugate {Invitrogen)
diluted 1:3100 in FACS stain buffer for 26 minutes at room temaperaturs. Cells were

washed 3 times with 150 pl/well of FACS stain buffer, after which wells wers {illed with

e
~1
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160 ul. of FACS stain butfer and read for fluorescence at 600 nm using an Acumen eX3
reader. Data were plotted as the raw fluorescence signal against the logarithro of FN3
dommain molar concentration and fitted 1o a sigmoidal dose-response curve with vadable

N\

slope using GraphPad Posm 4 (GraphPad Software) to calculate 1050 vatues, Table 5

;

reports the 105 values ranging from 1.8 nM to 121 nM.

Inkibition of EGF-Stimulated EGFR Phosphorylation (Phoshpe EGFR assay)

Select FN3 domains that significantly imbibited EGF-stimulated EGFR
phosphorylation were assessed raore corapletely by measuring ICse values for inhibition.
Inhibition of EGF-stimulated EGFR phosphorylation was assessed at varying FN3 domain
coneentrations (8.5 nM to 10 uM) as described above i “inhibition of EGF stimulated
EGFR phosphorylation”. Data ¢ plotied as electrochernitominescence sigual against
the logarithm of the FN3 domain molar concentration and Hsg valuss were determined by
ftting data to a sigmoidal dose respouse with vaniable slope using GraphPad Prisn

{GraphPad Software}. Table 5 shows the ICse vahies which ranged from 18 oM o >»2.5

M.

Inkibition of Humas Tumer Cell Growth (NCE-H292 growth and NCE-H322 growth

ASSAY)

Inhibition of EGFR-dependent cell gronwth was assessed by racasuring viability of the

EGFR over-expressing buman tumor cell lines, MCT-H292 and NCI-H322 {America

Type Culture Collection, cat. #CRL-[848 & #UR1L-3806, respectively), following

exposure to EGFR-binding FN3 doraains.  Cells were plated at 300 cells/well (NCT-H292)

r OGO cells/well (NCI-H322) inopaque white el tissue cultore-treated plates
{(Nunc) i 160pl/well of RPMI mediom {Gibeo) conlaining GhutaMAX™ and 10mM
HEPES, supplemented with 10% heat inactivated fetal bovine senim (Gibeo) and 1%
penicillin/streptomycin (Gibeo}, and allowed (o attach overnight at 37°C in a lnmuodified

5% CO, atmosphere. Cells were treated by addition of 5ud/well of phosphate-buffered

L
saline (PBS) containing a concentration range of EGFR-binding FN3 domains. Controls
were treated with Sul/well of PBS only or 25 mM ethylenediaminetetraacetic acid in PBS.
Cells were incubated at 37°C, 5% OO, for 120 hours. Viable cefls were detected by
addition of 75ul/well of CellTiter-Glo® reagent (Promega), followed by mixingon a

plate shaker for 2 mirutes, ard incubation in the dark at room temperaturs for a further 10
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minies. Plates were read on a Spectrabax M3 plate reader {Molecular Dovices) set to
uminescence rande, with a read tune of 0.5 seconds/well against a blaok of medivm onty.
Data were plotted as a percentage of PBS-treated cell growth against the logaritho of FN3
domain molar concentration. ICse values were determined by {itting data o the equation
for a sigmoidal dose response with variable slope vsing GraphPad Prism 4 {GraphPad

software). Table 5 shows 15, values ranging from 3.9 oM to 1.15 pM and 9.2 sM to »

3.1 pM, using the NCI-H292 and NCI-H322 cells respectively. Table 5 shows the
summary of biological propertics of EGFR-binding FN3 domains for cach assay.

A43] A431 NCL- N

EGER- Phosphio- L
NG QEO ol EGE H292 H322
N3 SEQ Fo el Celi EGF HGER i

Domain D ‘ Binding | Competition Growth Growth

Clone 1D NQ: e ic
v s i = . ,
A 1Cs0 (M) s (0 | X050 (uM)
(v} {nbAY

1.89 4.0

v
w0

=2500 86 63

PS4AR4-17 14 G672 16 21 18 ND Nb

I

F54AR4-47 20 251 5.6 71

[
¥
N

44 39

ND Nb

2~
¥
N
W
2
¥
S
o
)
s
~3
~J
0
-
19
N
0
-
-
)

P54ARS-T4 23 W 77 BB BB Nb N

P54AR4-81 24 ND 84 121 ND ND Nb

P54CR4-31 26 $.383 >20000 55 179 1158 >3073
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Example 4: Engineering of EGFR-Binding FXN3 domains

A subset of the EGER binding FN3 domains was engineered 1o increase the
conformational stability of each molecule. The mutations L17A, N46V, and E861 which
have been shown to improve FN3 domwain stability (described in US Pat. Publ. No.
UR201 1/0274623) were meorporated into clones P54AR4-83, P54CR4-31, and P34AR4S-
37 by DNA synthesis. The now nwitards, PS4ARS-83v2, PS4CR4A31-v2, and P34AR4-

37v2 were expressed and purified as described above. Differcr

ial scanuing calorimeiry in
PBS was used 1o assess the stability of cach rautant 1o order to corapare it o that of the

corresponding parent molecule. Table 6 shows that each variant molecule was stabilized
significantly, with an average increase in the Ty, of 18.5°C,

&

Table 6.

FN3 domain Clone SEQID NO: Tw (O

P54AR4-83 23 530.6

P54AR4-83v2 27 69.8

P54CR4-31 26 60.9

PS4CRE-3 12 28 78.9

P34AR4-37 22 45.9

PS4AR4-37v2 29 64.2

Example 8¢ Selection of fibronectin type 111 (FN3) domaing that bind o-Met and
Inkibit HGKF Binding
Panning ¢n human ¢-Met

The TCL14 library was screened against biotinylated-human c-Met extracellular

domain {(bt-c-Met} to identify FN3 domains capable of specifically binding ¢-Met. For
seloctions, 3 ug of TCL14 library was in vitro transcribed and translated (IVTT) in £. Coli

S30 Linear Extract (Promega, Madison, WI) and the expressed library blocked with Cis

160
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Black (2% BSA {Sigra-Aldnich, 5t Louis, MO), 100 pe/od Herrdog Sperm DNA
{(Promegal, | mg/rall heparin {Sigma-Alduch)). For selections, bt-c-Met was added at
concentrations of 400 nM {(Round 1), 200 oM (Rounds 2 and 3) and 100 nM {(Rounds 4
and 53, Bound bibrary members were recovered using neutravidin magnetic beads
{Therme Fisher, Rockford, IL)Y (Rounds 1, 3, and §) or streplavidin magnetic beads

L.

{Promega} {Rounds 2 and 4} and unbound Bbrary members were removed by washing the

beads 5-14 times with 300 uL PBS-T foliowed 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 terative rounds of selection with the following changes:
meubation with bi-c-Met was decreased from | houor to 15 minutes and bead captire was
decreased from 20 numutes to 15 numuies, bl-c-Met decreased 1o 25 nM {(Rounds 6 and 73
or 2.5 nM (Rounds 8 and 9}, and an additional 1 hour wash was performed in the presence
of an excess of non-bintinylated ¢-Mst. The goal of these changes was to simultancously

select for binders with a poteatially faster on-rate and a slower oft-rate yisldin

i)

a

substantially lower K.

Rounds 5, 7 and 9 outputs were PCR cloned info 2 modified pET1S vector (EMD
Biosciences, Gibbsiown, NJ) containing a ligase independerd cloning site (pET15-LIC)
using TCONS {(SEQID No. 30) and TCONS E86] short (SEQID No. 31) primers, and the
proteins were expressed as C-terminal His6-tagzed proteins after transformations and
PTG induction (1 wM fnal, 30°C for 16 hours) using standard protocols. The cells were
v cendrifugation and subsegquently lvsed with Bugbuster HT (EMD

il

1wes) supplementod with 4.2 mg/md Chicken Egg White Lysozyme (Sigma-

Aldrich}. The bacterial lysates were clarified by ceninifisgation and the supernatants were

transferred to new 96 deep-well plates.

Sereening for FN3 domains that Inbihit HGF Binding to ¢-Met

FN3 domains present in £. coli Tysates were screened for their ability to inhibit

HGF binding to purified c-Mst exiracelhilar domain in a biochemical fornat.

Recombinant human ¢-Met Fe chimera (0.5 pg/mL in PRS, 100 pL/well) was coated on

H
96-well White Maxisorp Plates {Minc) and incubated overnight at 4°C. The plates ware
washed two fimes with 300 ul/well of Trs-buffered saline with 0.05% Tween 20 {TRS-T,

Sigma-Aldrich) on a Biotek plaic washer. Assay plates were blocked with StartingBlock
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T20 (200 pL/well, Therroo Fisher Scicntific, Rockland, I1) for | hour at room temperature
(BT} with shaking and again washed twice with 360 ul of TRS-T. FN3 domain lysates
were diluted in StartingBlock T20 (from 1:10 to 1:100,000) using the Hamilton STARplus
robotics systent. Lysates (50 pl/welly were incubated on assay plates for 1 hour at RT
with shaking. Withowt washing the plates, bt-HGF {1 pg/ml in StartingBlock T20, 50
wl/well, botinylated} was added to the plate for 30 min at RT while shaking., Counlrol
wells containing Tencon27 lysates received either Starting Block T20 or dilated bt-HGF.

Plates were then washed four times with 360 pliwell of TBS-T and incubated with 160

2

o

wliwell of Streptavidin-HRP (1:2000 in TBS-T. Jackson Immuonorescarch, West Grove
BA) for 30-40 minutes at RT with shaking. Again the plates were washed four times with
TBS-T. Todevelop sigual, POD Chendluminescence Substrate (50 ul/well, Roche
Diagnostics, Indianapolis, IN), prepared according to manuiacturer’s irstructions, was
added to the plate and within approximately 3 roinuies lurninescence was read on the
Molecular Bevices M5 using SoftMax Pro. Percent inhibition was determined using the
following calculation: 100-((REUUgwpe ~Mean RLU, senor consor VMot REUb 165 control -
Mean REUn, bener conrel) 180}, Porcent inhibition values of 50% or greater were

considered hits,

High-throughput Expression and Purification of FN3 domains

His-tagged FIN3 domains were purified from clarified £ cofi lysates with His
MultiTrap™ HP plates (GE Healthcare) and cluted in bufter containing 20 mM sodium

phosphate, 500 mM sodium chloride, and 250 mM imidazole at pH 7.4, Punified samples
were exchanged into PBS pH 7.4 for analysis using PD MuitiTrap™ (G-25 plates {GE

Healthears).

105 determination of Inhibition of HGF Binding to o-Met

Select FN3 domains were further characterized in the HGF competition assay.
Dose response curves for purified FN3 domains were generated utihzing the assay
described above {starting concentrations of 5 uM). Percent inhibition values were
calculated. The data were plotied as % inhibition against the logarithm of FN3 domain
molar concentrations and [Csy values were deternuned by fitting data to a sigmoidal dose

resporse with variable slope using GraphPad Priso 4.
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35 uvnigue sequences were wdentified from Round 5 to exhibit activity at dilutions
of 1110, with ICs values ranging fom 4.5 to 1500 nM. Round 7 vielded 39 unique
sequences with activity at dilutions of 11100 and s values ranging froma 6,16 10 2.9 nM.
66 pmque sequences were Wentified from Round 9, where hits were defined as being
active at dilutions of 1:1000. ICs vabies as low as 0.2 nM were observed in Round 9

(Table B).

Affinity Determination of Selected o-Ret-binding FN3 demains fo ¢-Met-Fe (EGFR-
Fe Affinity)

Affmitios were determined for select o-Met binding FN3 domains as is described
w Example 3 for affinity determination to selected EGFR-binding FN3 domains, except

that ¢-Met-F¢ was used in the assays.

Example 6: Characterization of FN3 demains that Bind ¢-Met and Inhibit HGF
Binding

FN3 domains were expressed and purified as deacribed above in Example 2. Size
exclusion chromatography and kinetic analysis was done as described above m Examples
1 and 2, respectively. Table 7 shows the sequences of the C-strand, CD loop, F-strand,

and F(G foop, and a SEQ 1D NO: for the entire amino acid sequence for cach domain.

Table 7.

Clone
— - cp 1 L
SEGQ C loop trasd F loop FG strand
Narae D S
MO:
P114ARSF74-A5 32 FDSFWIRYDE | VVVGGE | TEYYVNILGV KGGSISY
PI14ARSPT7S-E9 33 FOSFFIRYDE FLESGE TEYWVTLGY | EGGLYST
P1I4ARTP92-F3 34 FDSFWIRYFE | FLGSGE TEYIVNIMGV KGGSISH
PII4ARTPS2-Fo 35 FISFWIRYEFE | FLGSGHE TEYVVNILGY KGGGLRY
PLI4ARTPI2-GS 36 FDSFVIRYTE FLGSGE TEYVYVQILGY KGGYISE
PLI4ARTPO2-HS 37 FRSFWIRYLE | FLLGGE TEYVVOIMGV | KGGTVSE
PI14ARTPO3-D1T 38 FDSFWIRYFE | FLGSGE TEYVVGINGV | KGGYISY
P1i4ARTP93-G8 39 FDSFWIRYFE | FLGSGE TEYGVTINGYV | KGGRVST
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PII4ARTPO3-HO 4G FDSFWIRYFE | FLGSGE | TEYVVQIGY KGGHISL
P1I4ARTPO4-A3 41 FDSFWIRYFE | FLGSGE | TEYVVNIMGY | KGGKISP
PIT4AARTPO4-ES 42 FDSFWIRYFE | FLGRGE | TEYAVNIMGYV | EGGRVEY
P114ARTPY5-BY 43 FDSFWIRYFE | FLGSGE | TEYVVQILGY | KGGSIBY
P1I4ARTPOS-D3 44 FDSFWIRYFE | FLGSGE | TEYVYNIMGY | KGGSERY
P114ARTPOS-D4 45 FDSFWIRYFE | FLGSGE | TEYVVQILGY | KGGYISE
F1I4ARTEOS-E3 46 FDSFWIRYFE | FLGSGE | TEYVVQIMGV | EGGTVSE
PHAARTPOS-FI0 47 FDSFWIRYFE | FITAGE | TEYVVNIMGVY | KGGSISP
P114ARTPO5-G7 48 FDSFWIRYFE | LLSTGE | TEYVVNIMGY | KGGSIESP
PLI4ARTPYS-HS 49 FDSFWIRYFE | FVSKGE | TEYVVNIMGY | KGGRISP

 loop residues correspond to residaes 28-37 of mdicated SEQ ID NG
CD strand residues correspond to residues 38-43 of indicated SEQ D NG
F loop residues correspond to residues 65-74 of indicated SEQ [D NO

2

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

Binding of Selected o-Met-binding FN3 domains to ¢-Met on Cells (“H441 Cell

Binding Assay™)

NCI-H441 colls (Cal # HTB-174, American Type Cultore Collection, Manassas,
VA}Y 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 to attach overnight at 37°C, 5%
Oy, Purified FN3 domaing (50 pLl/well; 0 1o 1000 nM) were added to the cells for 1 hour
at 4°C 1 duplicate plates. Supernatant was removed and cells were washed three times
with FACS stain buffor (130 pL/well, BD Bioscioncss, cat # 554657). Cells were
incubated with biotinylated-anti HIS antibody {diluted 1:160 in FACS staws buffer, 50
ub/well, R&D Syetens, cat # BAMOS0) for 30 minutes at 4°C. Cells were washed three
tirnes with FACS stain buffor (150 pl/well), aftor which wells were incubated with anti
mouse feGl-Alexa 488 conjugated antibody {diluted 1:80 in FACS siain buffer, 50
ul/well, Life Technologies, cat # AZHI2 1) for 30 minutes at 4°C. Cells were washed three
times with FACS stain buffer (150 ul/well) and left 1n FACS stain bufter (50 pLiwell).
Total fluorescence was delermined using an Acumen X3 reader. Data were plotted as
raw fluorescence signal agamst the logarithm of the FN3 domam molar concentration and
fitted to a sigmoidal dose-response curve with variable slope gsing GraphPad Prism 4

{GraphPad Software) to calculate ECso values. FN3 domains were found 1o exhibit a
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range of binding actvities, with BCs; values between L4 oM and 22.0 nM, as shown in

Table 8.

G

Inhibition of HGF-Stimulated o-Met Phosphoryiation

Puarified FN3 domains were tested for their ability to inhibit HGF-stimilated
phosphorylation of c-Met in NCI-H441, using the ¢-Met phospho{Tyr1349) kit from Meso
Scale Discovery (Gaithersburg, M. Cells were plated at 20,000/well in clear 96-well
tissue culture-treated plates m 100 pl/well of RPMI reedivra {containing Glutamax and
HEPES, Life Techuologies) with 10% fetal bovine serum (FBS; Life Technologies) and
allowed to attach overnight at 37°C, 5% CO,. Culture medium was romoved corapletely
and cells were starved ovemight in serum-tfree RPMI medivre (106 ul/well) a1t 37°C, 5%
COy. Cellg weore then replenished with fresh seruo-free RPMI reedivra (106 pl/well)
containing FN3 domains at a concentration of 20 uM and below for | hour at 37°C, 3%

CO,. Conirols were freated with raediorn only. Celis were stimulated with 100 ng/al

37°C, 5% €Oy for 15 mumites. Oue set of contro] wells was left un-stimulated as negative
controls. Medium was then completely removed and cells were lysed with Complete

1
b
¥

Lysis Buffer (50 pL/well, Meso Scale Discovery) for 10 minutes at RT with shaking, as
per manufacturer’s instructions. Asszay plates configured for measuring phosphorylated c-
Met were blocked with the provided blocking sohution as per the manufacturer’s
metructions at room tenperature for { howr, Plates were then washed three tines with Tris
Wash Buffer (200 pL/well, Meso Scale Discovery). Cell lysates (30 ul/well) were
transferred to assay plates, and incubated at RT with shaking for 1 bour. Assay plates
were then washed four times with Tris Wash Buffer, after which ice-cold Detection
Agtibody Solution (25 pl/well, Meso Scale Discovery) was added to cach well for thr at
RT with shaking. Plates were again rinsed four times with Tris Wash Buffer. Sigoals

were detected by addition of 150 Read Buffer (150 pl/well, Meso Seale Discovery) and
reading on a SECTOR® Imager 6000 mstrament {Meso Scale Discovery) using
mangfacturer-installed assay-specific default setlings. Data were plotted ag
electrochemiluminescence signal against the logarithm of FN3 domain molar
concentration and {Csy valaes were deternuined by fitting data to a sigmoidal doae response
with variable slope using GraphPad Prism 4. FN3 domains were found to inhibit

phosphorylated ¢-Met with 1Use values ranging from 4.6 nM to 1415 nM as shown in

Table 8
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Inkibition of Human Tumer Cell Grewth or Viability

Inhibition of ¢-Met-dependent cell growth was assessed by measuring viability of
UB7-MG cells (American Type Culture Collection, cat # HTB-14), following exposure t©

1
53
21

c-Met-binding FN3 domains.  Cells were plated at 8060 cells per well i opaque white 96-
well tissue culture-treated plates (Nunc) in 100 ul/well of RPMT medinoy, suppleraented
with 10% FBS and allowed to attach overnight at 37°C, 5% CO,. Twenty-four hours after
plating, medium was aspiraied and cells weve replerushed with serum-free RPMI muediuru.
Twenty-four hours afler serum sfarvation, cells were treated by addition of serum-free
moedium comairaing c-Met-binding FMN3 domains (30 M,,/\;‘cil’)t Cells were incubated at
37°C, 3% CO, for 72 hours, Viable cells were detected by addition of 100 ul/well of

CellTiter-Glo® reagent (Promega), followed by mixing on a plate shaker for 18 minutes.

Plates were read on a SpectraMax MS plate reader (Moleaitlar Devices) set to

X

i1
H
33

laminescence mode, with a read tme of ¢.5 seconds/well. Data were plotied as raw

tuminescence gnits {RLUY against the logarithn of FN3 domain melar concentration. 1Cs

values were determined by fitting data to an equation for a sigmoidal dose response with

variable slope using GraphPad Prism 4. Table 8 reports 105 values ranging from 1 nM to

pe

o

>1000 nM. Characteristics of the ¢-Met binding FN3 domaios are summarized in

Table 8.

Table 8.

Inkibibition
Clone Afsity | HOP | maarcey | PMet 4 of
(Ed competition bindine inhibition in | Proliferation
SEQ N &{) {>(‘A - (ﬁ "\/IV‘; O »,ri,;) H441 cells | of UR7-MG
Nane iD o oS0 AR (k50 13 (1, nd) celis (ICsq,
NO: nM}
PLI4ARSP74-A5 32 131 52 187 1078 464 4
PII4ARSPTS-EG 33 458 51.9 ND 1415 11939
PLT4ARTPO2-F3 34 0.4 0.2 1.5 8.3 2.7
P114ARTP92-F6 35 3.1 22 4.9 1653 350.5
PI14ART7PY2-GR 36 1.0 1.6 5.9 1553 1239
P1I4AR7PY2-H3 37 i1.6 ND 228 766.4 672.3
FLI4ARTPU3-
D11 35 ND ND 2.3 16 14.4
P114AR7PY3-GE 39 69 i 3.8 4545 103.5
P114ARTPO3-H9 4G 3.3 2.9 12.9 2882 169 9

106



WO 2014/081954

PCT/US2013/071288

PI114ARTPI4-A3 41 0.4 0.2 1.4 5 3.3
P114ARTE94-I5 42 4.2 3.7 34 124.3 195,
PI14ARTPOS-BY 43 0.5 0.3 ND .8 174
PII4ARTPIS-1I3 44 0.3 0.2 1.5 4.6 1.7
FLI4ARTPS5-D4 45 3.4 N 1.4 19.5 19.4
PI14ARTPUS-E3 46 1.5 ND 3.2 204.6 2092
PLH4ARTPYS-

Fi6 47 4.2 14 44 187.6 129.7
PII4ARTPIS37 48 200 ND 11.3 6593 692
P114ARTPY5-HE 49 37 ND 4.1 2008 280.7

Thermal stability of o-Met —binding FN3 domains

Differential scanning calorimetry in PBS was ased to assess the stability of each FN3

domain. Results of the cxperiment are shown in Table 9.

Table 9.
Clone Thermal
Stability
Name SEQ D NO: {Trn, C}
PL14ARSP74-A5 32 74.1
P1I4ARBPT7S-ES 33 ND
P114AR7PO2Z-F3 34 81.5
P1I4ARTPO2-F6 35 76.8
P114ARTPI2-GR 36 80.3
P1I4ARTPO2-H5 37 87
P1I14ARTRO3-D1A 38 ND
P114AR7PO3-G8 38 76.8
P114AR7PS3-HS 40 38.2
P114ARTPS4-AT 41 2
P114ARTP34-ES 42 80
P114AR7PO5-B9 43 86.3
P114AR7PS5-D3 44 a2
P114ARTPO5-D4 45 85.3
P114ARTPIS-E3 46 94,2
P1LI4AR7PO5-FI0 47 85.2
P114ARTPOS-G7 48 a7.2
PLI4ARTPYS-HB 49 83
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Example 7. Generation and Characterization of Bispecific snth-EGFR/e-Met
molecules
Generativg of bispecific EGFR/e-Met molecules

Numerous combinations of the EGFR and ¢-Met-binding FN3 domains described
m Examples 1-6 were joined into bispecific molecales capable of binding to both EGFR
and c-Met. Additionally, EGFR-binding FN3 domains having amino acid sequences
shown in SEC 1D NOs: 107-110 and ¢-Met binding FN3 domains having amino acid
sequences shown in SEQ D NOs: 111-114 were made and joined into bispecific
molecules. Synthetic genes were created to encode for the amino acid sequences
described 3o SEQ ID NOs: 36-72 and 106 (Table 10} such that the following format was
maintained: EGFR-binding FN3 domain followed by a pepiide linker followed by a ¢-

Met-binding FN3 dorarin, A poly-histidine tag was incorporated at the C-terminus to aid

:-‘-\

purification. In addition to those molecules described o Table 10, the linker between the

two FN3 domains was varied according to lengih, scquence composition and structor

according to those Bisted 1n Table 11, It 1s envisioned that 2 namber of other linkers could
be used 1oy ink sach FN3 domains Bispecific EGFR/c-Mct molecules were expressed and
purified from . cofi as described for monospecific EGFR or ¢-Met FN3 domains using

IMACC and gel filtration chromatography steps.

Table 10,
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Bispadiftic EGFRIS- | b e bincing NG comain | oME T-binding FN3 domain Linker
Mt micleculs
Cione iD Sig:‘D Clone SE((}):ED Clone SE!\-E%:iEr Sequence Si%:‘[)
ECR1 50 |PSAAR4-83V2 27 IP114ARSPT4-AS 37 {GGGEGS), 70
ECB2 51 |P54ARE-83v2 27 IPTH4ARTPO4-A3 41 {GOGGS) 79
ECR3 52 |PSAAR4-83V2 27 IP114ARTPO3HY 40 {{GGEGS), 70
ECB4 53 |P54ARE-83V2 27 IPTH4ARSPTE-ES 33 {(CGGGS) 79
ECRS 54 |PEIAIRE1TV 107 {P114ARTPU4-A3 41 70
ECBS 55 |PSIATRS-17v2 107 [P114ARTPI3-HO 40 79
ECR7 56 |PESAIRE-1TV 107 {P114AREPTSES 33 {GGGES), 79
ECB15 57 |PSAARG-BI2 27 IPTH4ARTPO4-A3 41 (AP 61
ECB27 53 |PEAARA-83v 27 IP114ARSPT4-AS 37 {AP) 21
ECBB0 59 |PS3ATREAT2 197 [P114ARTPOL4-A3 41 (AP 61
ECB37 80 |PESAIREITV 107 {P114AREPT4-AS 37 LAP) 21
ECBY 61 |P54AREBI22 198 [P 114ARTPO4-AD2 11 AP 61
ECBOS 52 |PEAARE-83VIZ 105 {P114ARDP 121-A6V2 112 AP 21
ECEY 63 |PSAARER: 198 [P 114ARIP12ZATV2 113 (AP 61
ECBY7 B4 |PEAARA-83 105 {P114ARTPY5-LE 114 (AP 21
ECBE108 65 |PS54ARG-BI23 199 [F114ARTEO4ANZ2 111 {AP) 61
ECBI07 86 |PEAARA-B3VIE 109 [P114ARDP121-AGv2 112 {(AP); 21
ECR108 67 |P54AR4-3323 108 {P114ARGP1Z2-ATV2 113 {{AP); 81
ECBI0D 5% |PE4AAR4-B3V2E 109 {P114ARTPI5-CEVE 114 {AP); 31
ECR1i8 60 |P53A1TR5-17422 110 111 {AP); 81
ECB11D 70 |PE3ATRE-17v22 110 112 {AP); 31
ECR120 71 |P53A1R5-1722 110 113 {{AP); 81
ECB121 72 |PE3ATRE-17v22 110 114 {AP); 31
ECRO] 106 |P54AR4-3322 108 114 {{APY 81
ECB1S 1% |P54ARE-83 27 { 2 (AP)s 31
ECR28 119 |P53A1RE-1742 107 [P114ARSP74-A5 32 {AP) 81
ECB38 120 |P5AARA-B3V2 27 IP114ARTPO4-A3 41 [(AP) 81
£ECR39 121 |P53ATRE-172 107 IP114ARTPM4-A3 41 [{AP)s 31
Table 11.
L inkar SEQ 'ED Lmkgr Es:mg'th in Structure
NG: amino acids
G8 78 2 Disordered
GGGGS 105 5 Disordered
(BGEGEGSE), 79 20 Disorderad

(AP}, 80 4 Rigid
(AP &1 5 Rigid
(AP 2 20 Rigid
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(AP 83 40 Rigid
AEAAAKSAAA 84 29 o-hetical

Bispecific EGFR/c-Met molecunles enhance potency cornpared to monespecific
melecules alone, suggesting avidity

NCT-H292 cells were plated in 96 well plates 1o RPMI medium condaining 10%
FBS. 24 hours later, medium was replaced with serum free RPMIE 24 hours after sernum
starvation, cells were freated with varying concentralions of FN3 domams: either a high
affinity monospecific EGFR FN3 domain (P54AR4-83v2), a weak affimty monospecific
c-Met FN3 domamn (P114ARSP74-A5), the mixture of the two monospecific EGFR and ¢-
Met FN3 domains, or a bispecific EGFR/c-Met molecules conprised of the low affinity ¢-
Met FN3 domain linked to the high affinity EGFR FN3 domain (ECB1). Cells were

L

ted for 1h with the monospeciiic or bispecific molecules and then stimulated with

;.J

res
BGF, HGF, or a conbination of BGF and HGF for 15 nunutes at 37°C, 5% CO,. Cells
were fysed with MSD Lysis Buffer and ceil signaling was assessed using appropriate MSD
Assay plates, according to mamufacturer’s tostructions, as described above.

The low affinity ¢-Met FN3 domain inbibited phosphorylation of ¢-Met with an
ICs of 616 oM (Figure 4). As expected the EGFR FN3 domain was not able to 1ohibit o-
Met phosphorylation and the mixture of the mono-specific molecules looked identical 1o
the ¢-Met FN3 domain alone. However, the bi-specific EGFR/c-Met meolecule nhibited
phosphorylaton of c-Met with an ICsp of 1 oM (Figure 4), providing more than a 2-log

shaft 1 improving potency relative to the o-Met monospecific alone,

The potential for the bispecific EGFR/c-Met molecule to enhance the inhibition of
c-Met and/or EGFR phosphorylation through an avidity effect was evaluated in multiple
cell types with variabie ¢-Met and EGFR densities and ratios {Figure 5). NCI-H292, NCE-
H441, or NCI-H596 cells were plated in 96 well plates in RPMI medium containing 10%
FBS. 24 hours later, modivre was replaced with serum froe RPMIE. 24 hours after sarum
starvation, colls were treated with varying concentrations of etther monospecific EGFR-
hinding FN3 domain, monospecific ¢-Met FN3 domain, or a bispecific EGFR/¢c-Met
melecule (ECBS, comprisod of PA3AIRS-17v2 and PLI4ARTPY4-A3), Cells were treated
for thwith the monospecific ar bispecific molec aud then stiraulated with EGF, HGF,

or a combmation of EGF and HGF for 15 minotes at 37°C, 5% C0,. Cells were fysed
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with MSD} Lysis Buffer and cell signaling was assessed using appropriate MSD Assa
plates, according fo manufacturet’s instructions, as described above.

Figure 5 (A-C) shows the whibition of EGFR using a monospecific EGFR-
binding FIN3 domain compared to a bispecific EGFR/cMetl molecule 1 three different cell
lines. To assess avidity m an EGFR phosphorylation assay, a medium affinity EGFR-

binding FN3 domain (1.9 aM) (P33A1R5-1792} was compared to a bispecific EGFR/c-

]
§

Met molecule containing the same EGFR-binding FN3 domain linked to a high-affinity ¢
Met-binding FN3 domain (().4 nM) (P114ARTPO4-A3). In NCI-H292 and H596 cells,
mhibition of phosphm‘y ation of EGFR was comparable for the monospecific and
bispecific molecules (Figures SA and 5B}, likely because these cell lines have a high ratio
of EGFR 1o c-Met receptors. To test this theory, inhibition of EGFR phosphorylation was
evaluatod in NCI-H441 cells which exhibit more ¢-Met receptors than EGFR. Treatment
of NCT-H441 ¢ells with the bispecific EGFR/c-Mel molecule decreased the ICs for
inhibition of EGFR phosphorylation compared o the rannospecific EGFR-binding FN3
doraain by 30-fold (Figure 3C).

The potential for enhanced polency with a bi-specific EGFR/c-Met molecule was

vahuated in a o-Met phosphorylation assay using a molecule with a high affinity to EGFR
{0.26 oM} and medigm affinity to c-Met (10,1 nM). In both NCLHZ92 and NCI-HS%6
cells, the inlibition of phosphorylation of o-Met was enhanced with the bispecific
molecule compared to the monospecific c-Met-binding FN3 domain, by 134 and 1012
fold, respectively (Figore 3D and 3E).

It was verified that the enhanced potency for inhibition of EGFR and ¢-Me
phosphorylation with the bispecific EGFR/c-Met molecules franslated indo an enhanced
whibition of signaling and proliferation. For these experimenis, the nuixiure of FN3
EGFR-binding and ¢-Met-binding FN3 doreains was comparsd to a bispecific EGFR/c-
Met molecule. As described in Tables 12 and 13, the ICse values for ERK phosphorylation
¢ 12y and proliforation of MNCT-H292 cells (Table 13) were decreased when cells were
treated with the hispecific EGFR/c-Met molecule compared {o the muixture of the
monospecific binders. The ICs for inhibition of ERK phosphorylation for the bi-specific
BEGFR/c-Met molecule was 143-fold lower relative fo the mixture of the two monospecific
EGFR and ¢-Met FN3 domains, shﬁwing the effect of avidity to the potency of the
molecules in this assay, In Table 12, the monospecific EGFR- and o-Met binding FN3
domains do not fully inhibit activity and therefore the ICs, values shown should be
considered lower limits. The proliferation assay was completed using different

combinations EGFR and ¢-Met binding FN3 domains either as a mixture or linked in a
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hispecific format. The ICse for jnhibition of proliferation for the bispecific EGFR/c-Met
molecule was 34-236-fold lower relative o the maixture of the monospecific parent BEGFR
or c-Met binding FN3 domains, This confirmed that the avidity effect observed at the
level of the receptors (Figure 4 and Figure 5} traustates into an improvenient in mhibiting

cell signaling {Table 12) and cell profiferation (Table 131

Table 12.

Specificily of
the FN3- Clone name Tvne ICs0 (NMY {(ERK
domain ’ ’ ype phosphorylation)
molecule
EGFR PSAARE-83vE monospecific >10,000
c-Mat P114ARSP74-A5 maonospecific 2366
midure of
. R PEAARA-B3VZ + o -
EGFR or c-Met B114ARSPTA-AS monos_;:secafic 798.4
molecules
EGFR and c- ECB1 bispecific 5.6
Met
Table 13.
Gy for (o for Fold increase in
EGFR-binding c-Met binding mixture of hi:b:zciﬁc [Cso Tor mixiure
FN3 domain FN3 domain monospecific ISP —_— of
¢ o Ffini ¢ B moleculs N
{affinity) {affinity) molecules "y monospecific/
{(nd} (i) bispsecific
P114ARPO4-
PE4AR4-83vZ | AT
o261 36.5 1.04 35
Y (0.4 nh)
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P54AR4-83v2 | P114ARTPY3-

(0.26 nt) H9 (3.3 nM) 274.5 8.05 34

FEAARL-83vZ | P114ARBP74-

(026 M) | A5 (10.1 nM) 1719 7.29 236

fr vive tumor xenografts: PK/PD

o order to determune efficacy of the raonospecific and bispecific FN3 doraain
molecules in vive, turaor cells were engineered to secrete humean HGF (murine HGF doss
nol bind to buman c-Met), Human HGF was stably expressed i NCE-H292 cells using
lentiviral infoction (Lentiviral BNA vector expressing human HGF (Accession #X16322)
and lentiviral packaging kit from Genecopoeia). After infection, HGF-expressing cells
were selected with 4 ug/mi puromycem {Invitrogen). Human HGF protemn was detected in
the conditioned medium of pooled cells using assay plates from MesoScale Discovery.

SCID Beige mice were subcutaneously mociilated with NCL-H292 cells
expressing human HGE (2.0x1 0° cells in Culirex {Trevigen) in a volume of 200 uL) on the
dorsal flank of cach animal. Tureor measgrements were taken twice weekly undil tumor
volumes ranged between 150-250 moy’. Mice were then given a single ip. dose of
hispecific BEGFR/c-Met molecules (linked to an albumin binding domain to increass hali-

ife) or PBS vehicle. At 6b or 72b after dosing, turaoss were extracted and omediately

frozen in liguid nitrogen. Blood sanples were collected via cardiac puncture into 3.8%

1

, the blood saraples

o]

cifrate containing profease inhibitors. Tmmediately afle
were centrifuiged and the resulting plasma was transferred to sample tubes and stored at -
30°C. Tumors were weighed, cut mnto small pieces, and lysed m Lysing Matrix A tubes
{LMA} contatnmg RIPA buffer with HALT protease/phosphatase mhibitors {Pierce), 30
mM sodium thuoride (Sigma), 2 mM activated sodinim orthovanadate (Sigma), and | mM
PMSF (MesoScale Discovery). Lysates were removed from LMA matrix and centrifuged
o remove inscluble protein. The soluble tumor protein was guantificd with a BCA protein
assay and diluted to equivalent protein levels in fumor lysis buffer. Phosphorylated c-Met,
EGFR and ERK were measured using assay plates from MesoScale Discovery {according
1o Marnufacturer's protocol and as descaibed above).

Figure 6 shows the results of the experiments. Each bispecific EGFR/c-Met

molecule sigrificantly reduced the levels of phosphorylated ¢-Met, EGFR, and ERK at

both 61 and 72h. The data presended in Figure 6 show the importance of inhibiting both ¢~
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Met and BEGFR siuubtancously and how the affinily of the bigpecific EGFR/c-Met

~

malecule for each receptor plays a role in intibition of downstream ERK. The volecules
containing the high affinity EGFR-binding FN3 dorains (P54AR4-83v2; shown as “8” in
the Figore, Kpy=0.26 nM) 1nhibited phosphorylation of EGFR o 2 larger extend compared
1o those containing the medwm affinity BEGFR-binding FN3 domains (PS3AIRS-17v2

5 . -

shown as “177 1 the figore Kp =1.9 nM) at both 6h and 72h. All four bispecific

molecules tested completely inhibited phosphorylation of ERK at the 6 hour time point,

-

egardless of affinity. At the 72 hour time point, the molecules containing the tight
affinity c-Met-binding domain (P114ARTPY4-A3; shown as “A37 in the figure Kp =0.4
nM) significantly inhibiied phosphorylation of ERK compared to the medium affinity ¢-
Met-binding FIN3 domain (P114ARSPT4-AS; shown ag “AS” in the Figure; Kp =10.1 nM;
Figure 6)

The concentration of each bispecific EGFR/c-Met ranlecule was maeasuved at 6
and 72 hours after dostng W the blond and in the tumor (Figure 7). Interestingly, the
bigpecific mokecule with the wedium affinity EGFR-binding domain (P53A1RS-17v2; Ky
=1.9 oM} but high affimty c-Met-binding FN3 domain (F114ARTPS4-A3; Kp =0.4 uM}
had significantly more tumor accumaulation at 6 hours relative to the other molecules,
while the difference is duninished by 72 hours. It can be hypothesized that cells outside
the tomor have lower levels of both EGER and o-Met surface expression and therefore the
medium affinity EGFR molecile doesn’t bind to normal tissue as tightly compared to the

2
b
¥

higher affinuty EGFR-binding FN3 domain. Therefore there is more free medim affinity
EGFR-binding FN3 domain available to bind in the tumor. Therefore, identifying the
appropriate affiniiies to cach receptor may allow tor identification of & therapeutic with

i

decreased systemic foxiciiies and mcreased tumor accunuilation,

Tumor efficacy studies with bispecific EGFR/e-Met molecules

SCIE Beige ruice were subcutanenusly inocolated with MCT-H292 cells
expressing human HGF (2.6x1 0% cells in Cultrex {Trevigen) in 200 uL)Y i the dorsal flank
of each animal. One week after implantation, mice were stratified wto groups with
equivalent tamor volumes (mean tumor volume=77.9+/-1,7mm’}). Mice were dosed three
times per week with the bispecific molecules and tumor vohumes were recorded twice
weekly, Tumor growth inhibition (TG was observed with four different bigpecific
molecules, with variable affinities for e-Met and EGFR. Figure 8 shows the benefit of

nhibiting both c-Met and EGFR as a delay in tumor growth was observed in the mice
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treated with molecules containing the high affinity EGFR-binding FN3 domain compared
to the mediom affinity EGFR-binding FN3 domain when the o-Metl-binding FN3 domain
was medium affnity (open vs. closed triangles, P54AR4-83v2- PII4ARSP74-AS
cornpared to PS3ATRS-17- PLI4ARSP74-A5). In addition, the data shows the importance
of having 2 high affinity ¢-Met-binding FN3 domain as bispecific molecules contaimng
either the high or medivm affinity EGFR-binding FN3 domain but high affinily c-Met-
binding FIN3 domain showed the most efficacy (dotled gray and black lines, P54AR4-

83v2- PTI4ARTPO4-AS and P53ALIRS-17v2- PLI4ARTPG4-A3).

Efficacy of bispecific molecule and sther inhdbitors of EGFR and ¢-Met

The in vive therapeutic efficacios of a bispecific EGFR/e-Met molecule (ECB38)

and the small molecule inhibitors erizotinib {¢-Met inhibttor) and erlotinih (EGFR

inhibitor), cetmirab (anti-EGFR antibody), each as a single agent, and the combination of

crizotinib and exlotinib were evaluated 1u the treaiment of subcutaneous H292-HGFE

£t raodel in SCID/Beige mice.

hraan long cancer xenogra 2
The H292-HGF cells were maintained /i vifro in RPMIEL640 medium

supplemented with {etal bovine serum (10% v/v), and L-glotarune (2 mM) at 37°C inan

of 3% COy in amr. The cells wer

atiosphere ¢ routinely subcultured twice weekly by

51
H
1

rypsin-EDTA treatment. The cells growing 1o an exponential growth phase were
harvested and counted for tumor inoculation.

Each mouse was moculated subcutaneously at the right flank region with H292-
HGE twmor cells (2 % 10% in 0.1 mi of PBS with Cultrex (1:1) for tumor development.
The test article

The treatraents were started when the mean tumor size reached 139 our’.

admnisiration and the animal numbers W each study group were shown in the following

experimental design table. The date of turaor coll inoculation was denoted as day . Table

14 shows the frealracnt groups.

Table 14,

Group | M Treatment Dase Boging | Planned Actual

{(mg/ke) Houte Schedule Schedule

1 190 Vehicle 0 ip. Q3 QX3
Control weeks weeks

2 10 bispecific 25 ip. 3 3
EGEFR/c-Met tmegrweek | limes/y Mck
molecule X3 weeks %3 week
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3 10 crizotinb 50 p.o. QDx3 QDx17 days
weeks

4 10 eriotinib 50 p.o. QD=2 QDx3
weeks weeks

5 10 crizotinib 50 p.o. QD=3 QDx3
weeks weeks

6 10 cetximab I mz/mouse | ip Q4d*6 Q4d*e

N: ammal mimber; poo.: oral fi(imiﬁi@*trzatimr i.p.: intraperitoneal wnjection 3 imes/week:
doses were giventon days 1, 3 and 5 of the week.

QD once daly Q4d: onee every four dzt"q' the mterval of the combination of crizotinb
and erlotinib was 0.5hrs; dosing volume was adjusted based on body weight (10 Ve); a:
dosing was not given on day 14 post grouping.

Bejore commencement of freaiment, all animals were weighed and the tumor volumes
were measured. Since the tumor volume can aiffect the effectivencss of any given
treatment, ndce were assigned into groups using randondzed block design based upon
their fureor voluraes. This ensures that all the groups are comparable at the bascline. The
randornieed block design was used to assign experimental animals (o groups. Fiest, the
experimental animals were divided 1nto homogeneous blocks according o their initial
tumor volome. Secondly, within cach block, randomization of experimental animals fo
treatments was conducted. Using randomized block design to assign experimental animals

ensured that each animal had the same probability of being assigned to & given treatment
and therefore systematic error was reduced.

At the time of routine monitoring, the animals were checked for any effects of
tumor growth and treatments on normal behavior, sach as mobility, visual estimation of
fond and water consumption, body weight gain/loss (body weighis were measured twi
weekly), eye/hair maiting and any other abuormal effect.

The endpoint was whether tunor growth can be delayed or tumor bearing nuice

can be cured. Turtor size was measured twice weekly 1 two dimensions using a caliper,
and the volume was expressed in ror’ using the formwla: V= 0.5 ¢ x »* where ¢ and b are
the long and shori diaraeters of the tumor, respectively. The tumor sive was then used for
calculations of both T-C and T/C values. T-C was calculated with T as the time (in days)
required for the mean tumor size of the treatment group to reach 1000 mm’, and C was the

T8
it

tine (in days) for the mean tumor size of the control group to reach the same size. The

1=,

T/C value {in percent) was an indication of antitumor cfficacy; T and C were the mean

wimor volume of the treated and control groups, respectively, on a given day. Complete
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tumor regression (CR) is defined as turors that are reduced o below the Touit of palpation
(62.5 war'). Partial tumor regression {PR) is defined as tumors that are reduced froma
witial wmeor volume., A mwnimum duration of CR or PR 1o 3 or muore suceessive tumor
measurements is required for a CP or PR to be considered durable,

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

Sunimary statistics, inchuding mean and the standard error of the mean (5EM), are

provided for the tumor volume of each group at each time point are shown in Table 15,

Statistical analyses of difference in tumor vohime among the groups were evaluated using

a one-way ANOVA followed by individual coraparisons using Games-Howell {equal

.
H
i

variance not assumed). All data were analyzed using SPSS 18.0. p << 0.05 was considered

i be statistically sigoificant.

Tabde 15

Days | Tumor volume (mm’Ja

Vehicle bispecific crizotinib | erlotinib crizotinib; cetuximab
EGFR/¢- at at eriotinib at at i
Mat 50mg/kg | S0mg/kg | 50ma/ke; me/mouse
maolecule at S(ng/kg
25mg/ke
7 139+7 13747 14029 14148 139410
9 230420 14247 217420 201419 168413
13 516445 83+:6 547443 392446 212420
16 308+104 447 G14492 560G=70 252428
20 126804209 3046 1436423 | 872+136 371+43
g
23 17584259 237 2102429 | 11224202 | 265340 485461
27 22644318 215 14194577 | 266442 64087
30 -- 23+6 -- 15164623 | 482461 869100

The mean tumor size of the vehicle treated group (Group 1) reacked 1,758 mm” at

dey 23 after tumor moculalion. Treatment with the bispecific EGFR/c-Met molecule at 25

mg/kg dose level (Group 2) led to complete tumor regression (CR) in all mice which were
-

darable in >3 successive tumor measurements (average TV=23 mn, T/C value = 1%, p=

0.004 compared with the vehicle group at day 23},
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;

Treatment with crizotinib as a single agent at 58 mg/kg dose lovel {Group 3)
showed o antitumor activity; the mean tumor size was 2,102 s’ at day 23 (T/C value
=120%, p= 0.944 compared with the velucke group).

Treatment with erlotinib as a single agent at 56 mg/kg dosing level (Group 4)
showed minor antiturmor activity, but no significant difference was found compared with
the vehicle group; the mean tumor 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 mmny’ compared with the vehicle group.

The combination of crizotinib (50 mg/kg, Group 5) and erlotinib (50 ma/ke,
Group 5) showed significant antitumor activity; the mean tumor size was 265 nm’ at day
23 (T/C=13%; p= 0.008), with 17 days of tumor zrowth delay at turor size of 1,000 mm’
compared with the vehicle group.

gle agent (Group &) showed

Cetuximab at | mg/mouse dosing level as a sin
significant antitumor activities; the mean umor size was 4835 mu’ at day 23 (T/C=28%;
=0.018), with 17 days of tumor growth delay at turaor size of L0060 T’ corapared with
the vehicle group. Figure 15 and Table 16 show the anti-tumor activities of the various

therapies.

Table 16

| T not Stre o T-C {da v\} a ]

Treatment (oY at day T/IC (%) P value
27 K 1600 mm’

Vehicie 17584259 - --
bispecific EGFR/c- | 2327 11 - 0.004
Met molecuole
{2 '«m;, K“)
crizotinib (30mz/ke) | 21024298 124 -1 {.944
criotinib (50mg/kg) 11224202 64 4 0,429
crizotinib+ erlotimb | 265440 15 17 0.008
{S0rag/ke+50me/ke)
ceuxinmab {1 485461 2% 17 0.018
Mg/ MOUSE)

Medium to severe body weight loss was observed in the vehicle group which

might be due to the increasing tumor burden; 3 mice died and 1 moose were euthanized

when BWL>20% by day 23. Shight toxicity of the bispecific EGFR/c-Met molecule was
observed in Grou 3 mice were euthanized when BWL»20% during the freatment

period; the body W@ight was gradoally recovered when the treatment was withdrawn
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during the 2 woeks of observation period. More severe body weight loss was chserved in

the crizotinib or erdotinib ruonotherapy group compared to the vebicle group, suggesting

-

the treatrpent related toxicity. The consbination 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-
treatment period. The monotherapy of cetoximab was well tolerated 10 the study; body

cight loss was only observed at the end of the study due o the resume of the tumor
arowlh.

In summary, the bispecific EGFR/c-Met molecule at 25 mg/ke (3 tmes/week x 3
weeks) produced a complete response in H292-HGF luman lung cancer xenograft mode
m SCHD/Beige raice. The treatment was tolerated in 7 out of 10 mice, and resuited in
severe body weight loss in 3 out of 10 mice. Figure 9 shows the impact of the various

therapies on tumor size during the time points after treatment.

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

Numerous methods have been described to reduce kidney filtration and thus
extend the seram half+life of proteins incloding modification with polyethylene glyenl
(PEG) or other polymers, binding to albunug, fusion to protein donains which bind to
albumin or other serum proteins, genetic fusion to albumin, fusion to Ig Fo domains, and
fision to long, unstructured amino acid sequences.

Bispecific EGFR/c-Met molecules were modified with PEG in order to increase
the hydrodynamic radius by incorporating a free cysteine at the C-terminus of the
moleculs. Most commonly, the free thiol group of the cysteine residue is used to attach
PEG molecules that are functionalized with maleimide or iodoacetemide groups using

standard methods. Various forms of PEG can be used to modify the protein including
linear PEG of 1000, 2000, 5000, 10,000, 20,000, or 40,000 kDa. Branched PEG
mlecules of these molecular weights can alse be used for wodification. PEG groups may
also be attached through primary amines in the bispecific EGFR/c-Met raclecules insome
nstances.

In addition to PEGylation, the half-life of bispecific EGFR/c-Met molecoles was
extended by producing these proteins as fusion melecoles with a paturally occurring 3-
helix bundle serum albumin binding domain {ABDY) or a consensus albumin binding
domain (ABDCon). These protein domains were linked to the C-terminugs of the ¢-Me
binding FIN3 domain via any of the linkers described in Table 12, The ABD or ABDCon

domain may also be placed between the EGFR-binding FIN3 domain and the c-Me
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hinding FN3 domain 1o the priveary sequence,

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

Select bispecific EGFR/c-Met molecules were characterized for their affimty to
both EGFR and ¢-Met, therr ability to inhibit EGFR and c-Met austophosphorylation, and
their effect on proliferation of HGF cells. Binding affinily of the bispecific EGFR/e-Met
molecules o recombinant EGFR and/or o-Met extracellular domain was further evaluated
by surface Plasmon resonance methods using a Proteon Instrument {BioRad) according to

protocol described in Example 3. Results of the characterization are shown in Table 17.

Table 17.

© o eMet o PEGFR H292-HGF
nibition | ition i | oliferation

oMY | MY | iy | UG M (Co M)
ECR1S 0.2 2.6 n/a 4.2 23
ECB94 1 4.3 53.8 51 29.6
ECRBY9S 1.1 6.2 178.8 13.6 383.4
ECBYSG 1.6 22.1 8354 24.7 G480
ECBOY 1.3 1.7 24.2 1.6 31.0
ECR106 16.7 51 533 367.4 4845
ECB107 16.8 9 289 812.3 2637
ECB108 15.3 255 126.2 814.4 11372
ECB10¢C 17.3 2.1 26 432 573.6

Example 10, Generation of bispecific EGFR/chiet antibedies
Several monaspecific EGEFR and o-Met antibodies were expressed as IgGL, kappa,
having Fe substitutions K409R or F405L (nurbering according to the EU wndex) in their

Foregions. The monospecific antibodics were expressed m two CHO cell hnes, one cell

126



WO 2014/081954 PCT/US2013/071288

1

line having reduced fucosylation ability resulting in antibodies with 1-15% fucose content

w the antibody polysaccharide chaiu.

The monaspecific antibodies were purified using standard methods using a Protein
A column (HiTrap MabSelect SuRe column). Adler elution, the pools were dialyzed into

D-PBS, pH 7.2

Bispecific BEGFR/¢c-Met antibodics were generated by combining a monospecific
EGFR mAb and a monospecific c-Met mAb i in vitro Fab aro exchange (as described in

WO2011/131746). Brietly, at about 1-20 mg/ml at a molar ratio of 111 of cach antibody in
PBS, pH 7-7.4 and 75 oM 2Z-mercaptocthanolamine (2-MEA) was mixed together and
weuhated at 25-37°C for 2-6 b, followed by reraoval of the 2-MEA via dialysis,
diafiltration, tangential flow Gltration and/or spinned cell Gltration using standard

methods.

Several monospecific anti-EGFR antibodics and anti-c-Met antibodics ware

corabined 10 matnx inin vitre Fab arm exchange to generate bispecific antibodies that

kd

were sehsequently characterized fiather. The generated bispecific antbodics were ranked
vsing a four step strategy using assays as follows: Step 11 binding to MCI-H441, NCI-
HI975 and AS49 cells ina FACS assay. Step 2: phibition of pMet phosphorylation in
AS549 cells. Step 3: inhibition of proliferation in NCI-H1975, KP4 and NCI-H441 cells.
Step 4 inhibition of EGFR phosphorylation in A549 and SNU-5 cells. Noteworthy, the
characteristics of the parental antibodies were not preserved in the bispecific antibody.

For example, the presence of cortain EGFR binding arms in the bispecific antibody
resulied in a foss or reduced inbibition, or enhanced c-Met phosphorylation. Based on the

characterization studies select paire ware chosen.

A monospecific bivalent anti-EGFR antibody E1-K409R was generated
compusing the VH and VL regions of an anti-EGFR antibody 2F8 having the VH of SEQ
1D NO: 189 and the VL of SEQ ID NO: 190 (antibody 2F% is deseribed w Tnt. Pat. Publ.

No. WO2002/100348) and an 12031 constant region with a K409 substitution.

A roomospecific bivalent anti-EGFR antibody E1-F405L was generated
compusing the VH and VL regions of an anti-EGFR antibody 2F8 ‘mwr‘g the VH of SEQ
1D NO: 189 and the VL of SEQ ID NO: 190 (antibody 2F% is deseribed w Tnt. Pat. Publ.
No. WO2002/100348) and an 12(3] constant region with a F405L substitution.

A monospecific bivalent anti-EGFR antibody E2-K409R was generated

compusing the VH and VL regions of an anti-EGFR antibody 018 having the VH of SEQ
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1D NO: 191 and the VL of 3EQ ID NO: 192 {antibody 018 is deseribed in Tot. Pat. Publ.

No, WO2009/030239) and an JgG | constand region with a K409R substitution,

A monospecific bivalent anti-EGFR antibody E2-F403L was generated
coraprising the VH and VL regions of an anti-EGFR anitbody 018 baving the VH of SEQ
1D NO: 191 and the VL of 3EQ ID NO: 192 {antibody 018 is deseribed in Tot. Pat. Publ.

No, WO2009/030239) and an 1gG | constand region with a F405L substitution,

A monospecific bivalent anti-c-Metl antibody M1-K409R was generated
coraprising the VH and VL regions of an anti-c-Met antibody 069 having the VH of SEQ
1D NO: 193 and the VL of 3EQ ID NO: 194 {antibody 969 s described o

WO2011/110642) and an 1gGl constant region with a K409R substitution.

A monospecific bivalent anti-c-Met antibody M1-F4051 was generated
coraprising the VH and VL regions of an anti-c-Met antibody 069 baving the VH of SEQ
1D NO: 193 and the VL of 3EQ ID NO: 194 {antibody 969 s described o

WO2011/110642) and an JgG 1 constant region with a F4051 substitution.

A monospecific anti-c-Met antibody M2-K409R was gencraled comprising the
VH and VL regions of an anti-c-Met antibody 058 having the VH of SEQ ID NO: 195 and
the VL of SEQ ID NQ: 1926 (antibody 058 1s described 10 WO201 1/110642) and an {pGl

constant region with a K409R substitution,

A monospecific anti-c-Met antibody M2-F405L was generated comprising the VH
and VL regions of an anti-c-Met antibody 038 having the VH of 3EQ 1D NO: 195 and the
VL of BEQ ID NO: 196 (antibody 038 is desenbed in WO2011/110642) and an [gG1
constant region with a F405L substitution.

The VH, VL, HC and L.C sequences of the antibodies are shown below:
>REQ D NO: 189 EGFR mAb Ei VH
QVOQLVESGGGVVQPGRSLRLSCAASGFTFITYGMHWVROQAPGKGLEWVAVIWD
DGESYKYYGDSVEGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDGITMVRGY
MEDYFDYWGOQGTLVTVES

>3EQ D NO: 190EGEFR oAb Bl VL

AIGLTOQSPSSLSASVGDRVTITCRASGDISSALVWYQOQKPGKAPKLLIYDASSLESG
VPSRESGSESGTDFTLTISSLOPEDFATY YCQOFNSYPLTFGGGTRVEIK
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>3EQ D NO: 191 EGFR wAh E2 VH

EVQLVESGGG LVQPGGSLRL SCAASGETES SYWMNWVROA PGEGLEWVAN
KKDGSEEYY VDSVEGRFTI SRDMNAEKNSLY LOMMSLRAED TAVYYCARDL
GWGWOWYEFDL WGRGTLVTVSS

>3EQ D NOG: 192 EGFR mAb E2 VL

EIVLTOSPAT LSLSPGERAT LSCRASQSVS SYLAWYQQKP GUQAPRLLIYD
ASNRATGIPARFSGSGSGTD FILTISSLEP EDFAVYYCQQ BRSNWPPTFGQ
GTEVEIK

>SEQ D NO: 193 cMetmAb MI VH
QVOLVOSGAEVKEPGASVKVSCETSGYTEFTSYGISWVRQAPGHGLEWMGWISAY
NGYTNYAQKLOQGRYVTIMTTDTSTSTAYMELRSLESDDTAVYYCARDLRGTNYFD
YWGOGTLVTVES

>SEQ D NG: (94 cMet mAb MIVL
DIOMTOSPSSVSASVUEDRVTITCRASQGISNWLAWFQHKPGKAPKLLIYAASSLLS
GVESRISGSGSUTDFTLTISSLOPEDFATYYCQOQANSEFP-ITFGOQGTRLEIE

>SEQID NG: [95 cMet oAb M2 VH
EVQLVESGGGLVEKPGGALELSCAALRGFTFSDY YMYWVROQTPEKRLEWVATISDD
GSYTYVYPDSVEQGRETISRDNAENNLY LOMSSLESEDTAMYYCAREGLY Y YGSGS
YYNOQDYWGQGTLVTVSES

>SEQ DY NO: 196 cMet mAb M2 VL
QLTOQSPSSLSASVGDRVTITCRASQGLESALAWYRQKPGKAPKLLIYDASSLESGY
PRRFSGRGSGTDFTLTISSLOPEDFATYYCQOFTRYPOITFGOGTRLEIK

>SEQ I NO: 199EM i-mAb H1 {anti-EGFR 405L)

QVOQLVESGGOGVVOQPGRELELSCAASGEFTFSTYGMHWVRQAPGRKGLEWVAVIWD
DGSYRKYYGDSVKGRFTISRDNSENTLYLOMNSLRAEDTAVYYCARDGITMVRGY
MEDYFDYWGOGTLVTVRSASTRKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPERPY
TVESWNSGALTSGVHTEFPAVEQSSGLY SLSSVVTVPSSSLGTOTYICNVNHKPSNTK
VDEKRVEPKSCDEKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVICVVVDY
SHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPOVYTLPPSREEMTKNQVSLTCLVEGEYPS
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DIAVEWESNGOPENNYKTTPPVLIGDGSFLLY SKUTVRRSRWOQQOGNVESCSVMHE
EALHNHYTOQKSLSLSPGK

>REQ D NO: 200EM-1 mAb L1
AIGLTQSPSSLSASVGDRVTITCRASQDISSALVWYCQQKPGEKAPKLLIYDASRSLESG
VPSRESGSESGTDFTLTISSLOPEDFATY YCQQFNRYPLTFGGGTKVEIKRTVAAPS
VEIFPPSDEQLESGTASVVCLLNNFY PREAKVOWEVDNALQSGMNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHKVYACEVTHOQUGLSSPYVTKEFNRGEC

>3EQ D NO: 201 EM-1 mAb H2 (K409R, anti-cMet}
QVOLVOSGAEVKKPGASVKVSCETSGY TFTSYGISWVRQAPGHGLEWMGWISAY
NGYTNYAQRLOQGRVIMTTDTSTSTAYMELRSLESDDTAVYYCARDLRGTNYFD
YWGOGTLVTVESASTEGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVIWNS
GALTSGYHTFPAVELQSSGLYSLRSVVTVPSSSLGTOTYICNVNHKPANTKVDKRVE
PKSCDKTHTCPPCPAPELLGGPARVELFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWENGKEYKCKVSN
KALPAPIEKTISKAKGOPREPOVYTLPPSREEMTENQVSLTCLVEGEFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLY SRLTVDEKSRWQOQGNVESCSVMHEALHNH
YTOKSLSLSPGK

>SEQIDNO: 202 EM-1 mAb L2
DIOMTQSPSSVRASVGDRVTITCRASQGISNWLAWFQHKPGK APKLLIYAASSLLS
GYVPIRFSGHGSOTDRFTLTISSLOPEDFATY YCQOANSFPITEFGQOGTRLEIKRTVAARS
VEIFPPSDEQLKSGTASVVULLNNFYPREARKVOWKVDNALGSGNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHKVYACEVTHOQGLASPVTESEFNRGEC

>SEC 1D NG: 234 E2 mAb HCL (EGFR-F405L)

EVQLVESGGG LVOPGGSLRL SCAASGEFTES SYWMNWVROA POGKGLEWVAN
IKEDGSEKYY VDSVKGRETI SRONAKNSLY LOMNSLRAED TAVYYCARDL
GWOWOWYFDBLWGROGTLVTVSSASTKGPSVEPLAPSSESTSGOTAALGCLVKDYFE
PEPVTVSWNSGALTSGVHTIFPAVLOSSGLY SLSSVVTVPSSSLOGTOQTYICNVNEHKP
SNTKVDKRVEPK SCOETHTCPPCPAPEL LGGPSVILFPPEPKDTLMISRTPEVTCV
VVDVSHEDPEVEKINWY VDGVEVHNAKTEPREEQGYNSTYRVVSVLTVLHODWILN
GKEYRCKVENKALPAPIEK TISKAKGQOQPREPQVYTLPPSREEMTKNQVSLTCLVE
GFYPSDIAVEWESNGOQPENNYRTTPPVEDSDGSFLLYSKLTVDESRWQOQGNVESC
SYMHEALHMNHYTQESLSLEPGK
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>REQ 1D NO: 235E2 mAb LCT (EGFR)

EIVLTOSPAT LSLSPGERAT LSCRASQSYS SYLAWYQQKP GOAPRLLIYD
ASNRATGIPARFSGSGRGTE FTLTISSLEP EDFAVYYCQQG RSNWPPTFGQ
GTEKVEIKRTVAAPSVEIFPPSDEGLKSGTASVVCLLNNFYPREAKVOWKVDNALG
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENR
GEC

>REQ D NO: 236 E2 mAb HC2 {c-Met- K4091)
EVOLVESGGGLVRPGGSLELSCAASGFTFSDY YMYWVROQTPEKRLEWVATISDD
GSYTYYPDSVEGRETISRDNARKNNLY LOMSSLESEDTAMYYCAREGLYYYGSGS
YYNQDYWGQGTLVTVSSASTKGPSVIPLAPSSKSTSGGTAALGCLVKDYFPERPVT
VAWNSGALTSGVHTFPAVLOSSGLYSLASVVTVPSSSLGTOTYICNVNHKPSNTKY
DKRVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTCVVVIIVE
HEDPEVKINWYVDGVEVHENAKTKPREEQYNSTYRVVSVLTVLIHODWLNGKEYK
CKVSNKALPAPIEKTISKAKGOPREPGVY TLPPSREEMTKNQVSLTCLVKGFYPSDI
AVEWEANGOQPENNYKTTPPVLDSDGSFFLY SRUTVDESRWOQOOGNVECSVMHEA
LHNHYTOQKSLSLSPGE

>REQ D NO: 237

E2 mAb LC2 {(cMet)
QLTQSPSSLSASVGDRVTITCRASQGLESALAWYRQKPGKAPKLLIYDASSLESGY
PSRFSGRGSGTDFTLTISSLOPEDFATYYCQOFTSY POITFGOGTRLEIKRTVAAPSY
FIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWRKVDNALGSGNSQESVTEQDRKD
TYSLSSTLTLSKADYEKHRKVYACEVTHQGLISPYVTRKSFNRGEC

92}

The generated monospeciiic anti-EGFR and c-Met antibodies were mixed for in
vifro Fab arm exchange in matrix and characterized in vanious assays. The bispecific
antibody EM [-muAb comprises the EGFR binding arm of mAb E1-F403L and the c-Met
hinding aro of mAb MI-K409R. The bispecific antibody EMZ-mAb comprises the EGFR
hinding aron of mAb E2-F405L and the ¢-Met binding avra of oAb M2-E409R. The
hispecific antibody EM3-mAb couprises the EGFR binding arm of meAb EL-K409R and
the c-Met binding arra of oAb M1-F4051. The bispecific antibody EM4-mAb comprises
the EGFR binding arm of mAb E2-K409R and the ¢-Met binding arm of mAb M2-F405L.

EMI-mAb and EM3-mAb had comparable characteristics,

The bispecific EM1-mAb was cultured in a CHO cell line having reduced
fucosviation ability of elyvconroteins. and hence have a facosvl conterti of about 1-15%
facosylation abiltty of glycoproteins, and hence have a fucosyl content of about 1-15%,

The removal of the core fucose from the biantennary coruplex-lype oligosaccharides
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atfached 1o the Fo regious siguificantly enbances the ADCC of antibodies via improved
FoyRUla binding withow! altexing auntigen binding or CDC activity. Such mAbs can be

achieved using different roethods reported 1o lead to the successiul expression of relatively
L

high defucosylated therapeotic antibodies bearing the biantennary complex-type of Fo

oligosaccharides and are deseribed supra.

Example 11, Purification of bispecific EGFR/c-Met antibodies
The bispecific EMI-mAb was further purified after the in vitro Fab-arm exchange
vsing hydrophobic interaction chromatography to mininuze residoal parental ¢-Met and

EGFR antibodies using standard methods.

Example 12, Characterization of bispecific EGFR/¢-Met antibedies

.»

The EGFR/c-Met bispecific antibody EM1-mAb was tested in various assays for

its characteristics including inhibition of EGF-stimulated EGFR phosphorylation, HGF-

«2

siiyalated c-Met phosphorylatior, ERK /2 phosphorylation, AKT phosphorylation,
mbibition of ligand binding and cell viabilify. The characteristics of the EMI-mAb was
compared to control roonovaient EGFR- or ¢-Met binding antibodies, and to known EGEFR
inhibitors such as erlotinib {CAS [83321-74-6; tyrosing kinase inhibilor) and cotuximab
(CAS 205923-56-4).

As the parcot antibodies of the EM-1 mAb antibodies are hivalent, control
monovalent EGEFR and ¢-Met anttbodies were generated 1n a bispecific format combined
with a Fab arm that binds fo an unrelated/irelovant antigen to accurately compare the
synergy and avidity of a bispecific EM-1 mAb in conparison to a mixhire of

corresponding control monovalent molecules.

To generate the control monovalent EGFR and ¢-Met antibodics, a monospeciiic
anti-HIV gpl20 antibody gpl20-K409R was generated comprising heavy chain of SEQ I
MO 198 and a Light chain of SEQ 1D NG: 209, A monospecific anti-HIV gpi20 antibody
gpl20-F405L was generated comprising the heavy chain of SEQ 1D NO: 197 and the light
chain of SEQ D NG: 209,

The control monovalent anti-EGFR mAb E1-F405L-gp1286-K409R was generated
by ir vitro Fab arm exchange between E1-FA05L and gpl20-K409R, and the control
monovalent anti-cMet mAb M 1- K409H -gp120- F405L was generated by in vifro Fab-

arm exchange between M- K409R and gpl20- FA05L and purified as described earlier.

126



WO 2014/081954 PCT/US2013/071288

The following cell tines were used in characterization of the bispecific antibodics:
NCE-H292 {(American Type Culture Collection (ATCC), Cat. No. CRL-1848), NCI-HI975
{(ATCC Cat, Mo LRL-5908 ), SKMES-1 {ATCC Cat, No HTB-588), Ad31 (ATCC Cat,
No. CRL-1355), NCI-H441 {ATCC Cat. No. HTB-174), NCE-H3255 (BCTD tumor/ cell
line repository, NCI, Frederick, NCEH-Navy Medical oncology Cell Line supplement, J Cell
Biochen suppl 24, 1996; Tracy S. cancer Res 64:7241-4, 2004; Shimannga T, cancer Res
65:6401-8, 2005y and HOC-827 (ATCC Cat. No. CRL-Z868). NCI-H297 and SKMES-1
cells express both wild type EGFR and wild type o-Met, NCIE-32355 expresses mutant
LB58R EGFR and displays EGFR and ¢-Met amplification. H1975 expresses mutant
L8S8ER/T790M EGFR and wild type ¢-Met. HCC-827 expresses A (E746, A750) EGFR
and displays EGFR amplification. Cell line NCI-H292, NCT-H275, NCI-H44 1 and NCT-
H3255 are interchangeably reforred 1o as H292, H975, H441 and H3255, respectively,

the specification.

Binding of bispecific EGFR/cMet antibodies to EGFR and ¢-Met on Cells (A431 Cell
Binding Assay)

The bispecific EGFR/c-Met antibody EM1-mAb was tested for binding to EGFR
and c-Met on cells using protoco! described in Example 3 (“A431 Cell Binding Assay™)
and Example 6 (“H441 Cell Binding Assay™). Cetuximab and a control antibody
monovalent towards EGFR E1-F405L-2p120-K409R were used as controls for the Ad31
cells., Cetuximab had an ECs value of 5.0 nM. Table 18 shows the BECsg values for
binding. EMI-mAb dereonstrated a 1.9-fold (A431 oelis) and 2.3-fold {(H441 cells)
decrease in binding when compared o the bivalent meonospeciic parental control
antibodies. Cetuximab was comparable to the hivaleni pavental control antibodies, EMi-
mAb displays higher ECse binding values than the values for the parental ruAbs due o the
monovalent binding of BEGFR and c-Met. EMi-mmAb has sinular binding ECsq values as

the single arm El/inert arm and E2/inert arm bispecific monovalent mAbs,

Table 12,

ECse (nM) binding to cells

EnMi-mAb | Parental mAbs | EL-F405L-gp120-K409R
{A431 cells) or M1-
K409R -gp120- F40SL
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A431 {assay for 9.6+3 51403 11406
EGFR binding}
H441 (assay forc- | 1.5 + 0.7 0.65 + 0.1 1.64+0.3

Met bimﬁing}

Inkibition of Hgand binding to the receptor

The bispecific antibodies were tested for their ability to block binding of BGF 10
EGER extracellular domain and HGF to o-Met extracellular domain in an ELISA assay.
Recombirart hunan EGF R-Fo (R&D Systems, Cat #: 344-ER-050) or human HGF
(R&D Systeras, Cat #: 294-HGN-025/CF) was coated ondte MSD HighBind plates (Maeso
Scale Discovery, Gaithersbure, M} for 2 by at roon temperature. MSE Blocker & buffer
{Mego Scale Discovery, (aithersburg, MDY was added to each well and incubated for 2 he
at roorn temperature. Plates were washed three times with 0.1 M HEPES buifer, pH 7.4,
followed by the addition of a wixture of cither flurescent dy labeled (MBD) EGF or
histinylaled HGF protemns with different concentrations of antibodies. Ruthenium-labeled
BGF protem was meubated for 36 min at BT with increaging concentrations of different
antibodics, from 1 nM to 4 uM. After 2-bour incubation with gentle shaking at room
tenperature, the plates were washed 3 times with 0.1M HEPES bufler (pH 7.4). MSD
Read Buffer T was diluted and dispensed and the signals were analyzed with a SECTOR
Imager 6000, The HGF inhibition assays were performed as the EGF/EGER inhibition
assays cxcept that 10 nM of biotirgylated HGEF was jncubated for 30 min at RT with
mereasing concentrations of different antibodies, froou | nM t0 2 pM.

EMI-mAl inhibited BGF binding to BGFR with an iU value of 107 0M + 1.2 in
the presence of 50 nM EGF and with an ICs value of 10,6 + 1.5 nM in the presence of 50
nM EGF. The parental bivalent antibody inbibited EGF binding to EGFR with an ICs

vaiue of .14 + 1.5 aM in the presence of 50 nM EGF and with an 105 value of 17414

the EGER extracellular domain because of the monovalent binding of EM1 mAb as

compared to the parental bivalent oAb,

EM1~mAb inhibited HGF binding to c-Met with an 1Cs value of 299 + 1.5 nM.

The parental bivalent antibody wnhibited HGF binding to o-Met with and ICs, of 148+ 1.6
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» the cMet extraceliular domain

hecause of the monovalent binding of EM1-mAb as corapared to the parental bivalent

mAb.

Inhibition of EGF-Stimulated EGFR Phosphoerviation and HGF-Stimulated ¢-Met

Phasphorylatien

Antibodies were tested to deternune 15 vahues for inhibition of EGFR and ¢-Maet

phosphorylation. Inhibition of EGF-stimulated EGFR phosphorylation and HGF-

stimnulated c-Met phosphorylation were assessed at varying antibody concsuntrations (8.033

- 700 nM final) as described in Exarople 2 (“Inhibition of EGF-Stimulated EGFR

Phosphorylation”) and Example 6 (“Inhibition of HGF-Stimulated o-Met

Phosphorylation”). Tn seme experiments, both EGFE and HGF were added to the cells so

the same cell lyvsate could be used to detect both EGER and o-Met phosphorylation.

The control antt-EGFR mAb E1-F405L-gpi 20-K409R monovalent for EGFR and

the parental hivalent anti-EGFR antibody with low fucose content were used as control

antibodics. Table {9 shows the IC s values of the assavs.,

Table 19,

pEGFR (1<, nM)

pMet (1Cs0, nM)

£

Cell line H292 H1674

H292 H1%75

Antibody

EMI-mAb 8.6-29 1.5

0.55 - 0.43 0.64

E1-F4051L-gp120-K405R 10.9-13.1 ND

0.7-4 ND

Parental EGFR 1.5 ND
{(F405LymAb*

No effect ND

*Antibedy had low fucose content
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Enbanced Inhibition of pERK aad pAKT With EMi-mAb Compared to Mixture of
Monevaient Antibodies (mADb pERK assay) (maAb pAKT assay)

The potential for enhanced potency with a bispecific BEGFR/c-Met antibody was
evaluated by assessing raAb effects on pERK and pAKT downstreara signaling. For these
experiments, the raxture of monovalerd contrel EGFR and monovalent controd ¢-Met
antibodics was conpared to the bispecific EMi-mAb. Cells were plated in clear 96-well
tissue colture-treated plates (Mumc) in 100 ul/well of RPME medium containing
GhitaMAX and 25 mM Hepes (Invitrogen), supplemented with | mM sodium pyruvate
{Gibeo), 8.1mM NEAA {(1bco), 10% heat inactivated fetal bovine serum (Gibeo), and 7.5
ng/mL HGF (R&D Systens cat # 294-HGN) and allowed to attach overnight at 37°C in a
humidified 3% CO, atmosphere. Cells were not serom-starved. Cells were treated for 30
min {(pERK assay) or 1 hour (pAkt assay} with varying concentrations {0.11 — 700 nM
final} of monovalent control antibodies or EM1-mAb.

Cells were assessed for pERK or pAKT lovels using the following Kits and
according to reanufacturer’s jnstructions from Meso Scale Discovery: Phospho-ERK /2
(Thr202/Tyr204; Thris5/Tyr187) Assay Whole Cell Lysate Kit {cat# KIiS1DWD,
Phosphao- Akt {Serd73) Assay Whole Cell Lysate Kit (catfK151CAD, Phogpho-Akt
{Thr308) Assay Whole Cell Lysate Kit {cat#K 1S IDYD). For the pERK agsay, celis were
fysed, and whole cell ysates were added to plates coated with anti-phospho-ERK /2

04 and ERE2

antibody (recogniming ERK ] phosphoryated at residues Thr202 and Ty
phosphorylated at residues Thel 85 and Tyri87), and phosphorylated ERK /2 was detected
with anti-total ERK1/2 antibody conjugated with MSD SULFO-TAG™ reagent. For the
pAKT 521473 assay, the capture antibody was anti-total AKT antibody and the detection
antibody anti-pAKT Serd73 antibody conjugated with MSD SULFO-TAG™ reagent. For
the pAKT Thr308 assay, the capture antibody was anti-total AKT antibody and the
detection antibody anti-pAKT Thr308 antibody conjugated with MSD SULFO-TAG™

Plates were read on a SECTOR® Tmager 6000 irstrument (Meso Scale DHscovery)
using manufacturer-irstatied assay-specific detault settings. Data were plotied as
electrochemilominescence signal agatost the logarithro of antibody concentration and ICso

values were determined by fitting the data o a sigmoidal dose tesponse with variable slops

using GraphPad Prism 5 software. MCI-H292, HI975 and SKMES-1 cell lines were used
m these assays.
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The ICs for inhibition of ERK phosphorviation by the bispecific EMUU-mAb was
avout 14-63 {old lower relative to the mixiure of the two monovalent control antibodies,
depending on a cell line tested (Table 203, The mnproved potency of the EMI-mAb
corapared to the mixture of two monovalent control antibodies suggests a cooperative or
avidity effect due to enhanced binding of EMI-mAb to these cell lines. The {5, for
nhibition of Serd73 (pAKTS475}) and The308 {(pAKTT3I08) AKT phosphorylation in NCI-
HI975 cell line was about 75-fold and 122-fold lower, respectively, when compared to the
mixiore of the two monovalent control antibodies (Table 21). The improved potency of

the EM -mAb compared to the muxture of two monovalent control antibodies suggests

2

a

cooperative or avidity effect due to enbanced binding of 1-mAb to these cell Hines.

[

Thus, the bigpecitic nature of the EM1-mAb resulted in an enhanced effect on downstrearnn

signaling effoctors,

Table 20,

Cso {nM) pERE

Antibody
Fold change
Mixture of E1- bispecific vs.
FA05L-gp120- | mixture of two
KA409R and M1- monovalent
Bispecific K409R-gp120- control
Celi line EMI1-mAb F4051L. antibodics
H292 (.64 34.94 35
H1978 1.67 106 63
SKMES-1 (.54 7.63 14
Table 21,



WO 2014/081954 PCT/US2013/071288

15 (aM) 1Csy (nM)

Antibody pAKTS473 | pAKTT308
Bispecific EMt-mAb (.87 (.96
Mixture of E1-FAGSL-gpt20- 65 7
K409R and M1-K409R-gp120-
F405L
Fold change mixture of two 73 122
monovalent vs. bispecific

Inhibition of Humas Tumer Cell Growth or Viability by Antibedies

Inhibition of ¢-Met-dependent cell growth was assessed by measuring viability of
varigus traor cells following exposure to the bispecific EM I-mAb., NCI-H292, SKMES-

, NCT-H 1975 and NCI-H3255 cells were used in the studies

Cells were cultured in standard 2D and low attachment formats.  Erlounib and

cetuxireab were used as controls. Table 22 sunmumarizes the ICs, valuss for the assay.

Inhibition of Husan Tumor Cell Growth or Viability by Antibodics — Standard 2D
format

The whibition of cell growth was assessed by measuring the viability of NCEL
H292 and NCI-H1975 following ¢xposure to antibodies in two formats, For the slandard
20 format cells were plated 10 opaqoe white 96-well tissie cullure-treated plates
(Perkinflmer) in RPMI medium containing GlutaMAX and 25 M Hepes (Invitrogen),
supplemented with 1 mM sodium pyruvate {Gibeo), 0.1mM NEAA {(Gibeo), and 10% heat
inactivated fetal bovine serum {(Gibeo}, and allowed to attach overnight at 37°C, 5% CO;.
Cells were treated with varying concentrations of antibodies (0.035 — 700 nM {inal), along
with HGF (7.5 ng/mL, R&D Systems cat #294-HGF), ther incubated at 37°C, 5% CO;, for
72 hours. Some wells were left unireated with either HGF or antibodiss as conirols.

Viable ceils were detected using CeliTuer-GloR reagent (Fromega), and data were
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analyzed as described in Example 3 in “Intubition of Human Tumor Cell Growth (NCE-

H292 growth and NCE-H322 growth

Inkibition of Human Tumer Cell Growth or Viability by Antibodies - Low

attachment format

To assess survival in low attachment conditions, cells were plated in Ulira Low
Attachment 96-well plates {(Corning Costar) in 50 pL/well of REMI medium {Invitrogen)
comiaining 3litaMAX and 25mM Hepes, supplemented with § oM sodiure pyravate
{Gibeoy, 0.1 oM NEAA (Gibeo), and 10% bheat inactivated fotal bovine serum (Gibeo),
and allowed 1o attach overnight at 37°C, 3% CO,. Cells were treated with V?-J“ying
concentrations of antibodies (0.035 — 700 oM final), along with HGF (7.5 ng/mL, R&D
Systems cavd 294-HGN), then incubated at 37°C, 3% CO, for 72 hours. Some wells were
foft unireated with either HGF or antibadies as controls. Viable cells were detected using
CellTiter-Glo® reagent (Promega), and data were 'ma‘iyzegl as described above in

3¢

“Inhibition of Homan Tumor Cell Growth (NCI-H282 growth and NCEL-H322 growth

assay )’ in Example 3, except that hysates were transferred to opaque white 96-well tissue

culture-treated plates (PerkinElmer) prior to reading himinescence.

In the standard 20 colture, EM1-miAb inhibited NCE-H292 growth with an [Capof
31 oM, and in low attachment conditions with an ICs of 0.64 tM. EM-1 mAb shibited
NCE-H1975 cell growth with an [Cspof »700 nM and 0.8-1.35 nM in slandard 25 and low
attachment calbure, respectively. In NCE-H282 cells expressing both wild type EGEFR and
cMet, EM1-mAb had over 22 {old improved potency in the standard 2D and about 330-
fold improved potenicy in the low attachment culture conditions when compared to
cetuximab. In NCE-H1975 cell, which express LBS8R, T790M EGFR nuitant and wild
type oMet, EM-1 reAb bad at least a 518-fold improved potency when compared to
cetiximab in low attachinent culturs conditions, Table 22 shows the sunvnary of the

Cell Tne EGFR | cMgt EMi-mAb | EMl-mADb Cetiximab | Cetuximab
staie state Standard Low Standard Low

20 culture | atiachoent 2D culture | agtachment
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1Cs (aM) 1 I (nM) s (nM) ICso (uM)

NCE-HZ92 WT WT 31 (.64 =700 212
NCE-HI975 | L858R, WT =708 (0.8-1.35 >T00 >700
T790M

Combingtion of Erlotinib and EMI-mAbD is efficient in inhibition of growth of EGFR
mutant coll lines
The whibition of cell growth by the combination of erlotinib plus EMI-mmAb was
vahuated in both standard 2D culture conditions and in the low attachment format. NCE-
H3255 and HCC-827 cells were plated as described above in “Inhibition of Human Tumor
Cell Growth or Viability by Antibodies™. HGF (7.5 ng/mL, R&D Systems cat # 294-
HGN) was added to cells along with treatment with antibodies, Cells were treated with

-~

varying concentrations of antibodies (0,11 — 700 nM final), or erlotinib {0.46 — 364G0 nM

final), or the combination of erlotinib plus antibody, using increasing amounts of sachin a
fixed ratio (e.g. lowest concerdration of combination = lowest concentration of antibody
(0,11 uM) + lowest concentration of erlotint {4.46 nM)). Some wells were loft untreated

with cither HGF or antibodies as controls. Cells were incubated at 37°C, 3% O, for 72

et

wours, then viable cells were detected using CellTiter-Glo® reagent (Promega), and data
were analyzed as described above in “Inhibiton of Human Tumor Cell Growth (NCI-
H292 growih and NCI-H322 growth assayy”. Table 23 summarizes the results of the

experiment. In the table, the 1T values for the combinations are relative to either the

antibody, or erlotinib, depending on what is mdicated in parentheses,

Iruboth NCI-H3255 and HCC-827 cells (EGFR muxtant cell hnes) the addition of
EMI-mAb to erlotinib both increased the potency of inhibition of cell viability and was
more effective resulting in fewer viable cells overall. In the NCE-H3255 cells using
standard 2D conditions, the ICsq for erlotimib alone was 122 nM, whereas the combination
was 49 nM, Similarly, in BCC-827 cells, the ICs for erlotintb alone was 27 nM, whereas
the combination was 15 nM. Alse, the combination of erlotinib plus EM1-mAb was more

effective than the combination of erlatinib plus cetuximab. Thus, in the presence of HGF,

addition of EM -mAb increaged the effectiveness of erdotinib in this assay.

NCI-H3255 celis express L8SER mutant EGFR and amplified cMet. HCC-827

cells express BGFR mutants with deletions at amino acid positions 746 and 750 and wild
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type ¢-Met. EM [-roAb has stronger effects io the viability of HCC-827 and NCE-3255 in

the presence of erlotinil than erlotintb alone 1o either standard or low attachment cultures,

Sampies EMI mAb+ eriotinib 1Cs; (nM)
eriotinib 1C; (nM)

NCE-H3253, standard 213 culture 49.9 122
NCE-H32535, low attachment colture 10.6 47.1
HCC-827, standard 2D culture 14.6 27.4
HCC-827 , Jow attachonent culture 3.5 9.5

Example 13, Aniibody mediated celludar cytotexicity (ADCC) of EMI-mAb nin

vifro cell Hnes.

ADCC assays were performed as previously described (Scallon et ol Mol
Tmuoonol 44:1524-1534 20073, Briefly, PBMCs were purified from human blood by
Ficoll gradionds and used as effector cells for ADCC as , NCE-H292, NCL-H 975 ¢
NCI-H441 cells were used as target cells with a ralio of | target cell to 50 effector cells.
Target cells were pre-labeled with BATDA (PerkinElmer) for 20 minutes at 37°C, washed
twice and resugpended in BMEM, 10% heat-inactivated FBS, 2mM L-glutamine (all from

i1
H
8

Invitrogen). Target (1x10° cells) and effoctor cells (0.5x10° cells) were combined and
100l of cells were added (o the wells of 96-well U-bottom plates. An additional 100ud
was added with or without wild type and protease-resistant mAb constructs. Al samples

were performed in duplicate. The plates were centrifuged at Z00g for 3 minutes, incubated
at 37°C for 2 hows, and then centrifisged again at 200z for 3 minutes. A total of 20l of
supernatant was removed per well and cell lysis was measured by the addition of 200l of
the DELPHIA Buropiun-based reagent (PerkinElmer). Fluorescence was measured using
an Envision 2101 Multilabel Reader (PerkinElmer). Data were normalized to maximal

cytotoxicity with 0.67% Triton X-100 (Sigma Alduch) and mirdmal control determined by

spoatancous release of BATDA from target cells ju the absence of any antibody using the

following equation: {exponmental release — spondaneous release)/{(maxirnal release —

Ju—
(9]
o

PCT/US2013/071288
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spontancous release) x 100%. Data were fit to a sigmoidal dose-response model using

GraphPad Puso v,

The ADCC resulis for the EM 1 miAbs and comparators are summarized in the
Table 24 (NCI-H292 cells), Table 25 (NCI-HI1975 cells) and Table 26 (MNCI-H44 1 ¢ells)
and Table 27 (NCI-H1993 cells) Hist the ECs values and maxiraum lysis achieved, NCI-
H292 cells express wild type (WT) EGFR, WT ¢-Met, and WT KRASL; NCL-HI97S cells
express mnitant EGFR (LE8S8R T790M), WT cMet and WT KRAS; NCI-H441 express
WT EGFR, WT cMet, and mutant ERAS {GI2V), and NCI-H 1993 cells express WT
EGFR, amplified cMet, WT KRBAS, KRAS is also known as GTPase KRag and as V-Ki-

ras2 Kirsten rat sarcoma viral oncogene homolog,

The EM1-raAb bas higher potency of ADCC responses than cetuxiraab and the
normal fucose version of EMI-mAD as indicated by having lower ECs values. The EMI
mAb has higher efficacy n terms of maxinom lysis achieved than cetuximab and the
normal fucose bispecific mAb. From profiles of on Tables 24-27, the EM-1 mAb hag
ADCC activity on cells that have mutant and WT EGFR, WT with normal and amplified

levels of cMet, and WT and muutant KRAS.

Table 24,

mAb Potency (ECsy R- Efficacy (maximum
pg/mi) fysis achieved)

EMI1 maAb {.0058 0.93 19%

Anu-BEGFR x cMet 0.22 (.85 {3%

noraal fucose

bispecific mAb

Cetuximab 0.0064 0.94 12%

Table 25.

mAb

Potency (ECs

pe/mi}

Efficacy (ruaxipum

lysis achioved)

EMI mAb

0.91

19%
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Anti-EGFR 1 eMet 1.8 .79 13%
normal fucose

bispecific mADb

Cetuximab 0.029 .70 11%

Table 26.

mAb Potency (ECsq R* Efficacy {(maximum
pg/ml) {ysis achieved)

EM] maAb 0.022 4.97 24%

Anti-EGFR x ¢Met .52 0.87 7.9%

<

normal fucose

bispecific mAb

Cetuximab 0.013 (.85 15%

Table 27.

achieved)
EML mdb G001 3 0% R
i 487 1I™%
.78 21%%

Example 14, Tumer efficacy studies with the EMI-mAb

The efficacy of the EM 1 mAb against tuinor growth was conducted as described
in Example 7 “Tumor efficacy studies with bispecific EGFR/c-Met molecules”. I brief]
NCL-H292-HGF cells were implanted subcutaneousty {s.¢.) with Cultrex at 2x1¢° into

female SCIHD Beige nuce’ The mice were stratified by tumor volame 7 days afler plant

nto 5 Groups with 10 mice per group. The dosing began after the starting mean tumor
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volame per group ra

wiraperitoncally (1.p.} 2 thoies per weck,

The evaluation of the efficacy also eoployed S

S
nged from 62-66run” {sma

1 "

cell carcinoma that was fransfected with buman HGF (hey

were raplanted s.c. 2

wmor volume 12 day

1t 10x10% into fem

vs after implant irdo S groups with 8

KMES-HGF, a human

ale SCID Beige mice These mice wers

L Tice PCr groups
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{itaraers). PBS or therapeutic were dosaed

SQUATIQUS

s

patic growth factor). These cells
: siratified by

. The fiest study

‘1 . . . s NG . 3. .
began with siarting mean tomor volume per group ranged from 98-101 mm {large

tumors). PBS or therapeutic mAbs were- dosed 1.p. 2x/week for 4 weeks, In the larger

sized tumor study, the mice that were stratified afler the tumor volumes were about 200-

300mm’ by splitiing into 2 groups. These mi

(20 mo/kg) or EMI-mAb (20 mg/kg), i.p.

The sommary o

of the data 1s shownin T

oW

2x/week (3 wee

dbl 5]

rere then treated with either cetuximab

Figure 10 shows the efficacy of

the molecales over time., EMI-mAb has an tmproved temor suppression profile when

cormpared to cetoximab in H292-HGF small tumor model and in SKMES-HGF small and

large tumor models.

Table 28,

Sample and time

Dosing at

mg per kz

Partial

regre ossion

Complete

regression

EM1 atday 35 H292-HGF small 20 10710 16/10
tomor 5 10/10 10710
i /10 G/10
Cetuximab at day H292-HGF small 20 3/10 B/i0
35 tmor
EMI at day 67 SEMES - HGF 20 /8 88
small tumor 5 1/8 &/8
1 2/% 4/8
Cetuximab at day 20 0/8 H/4
67
EMI at day 70 SKMES ~ HGF 20 4/7 3/7
Cetuximab at day {arge tumor 20 0/7 077

5]
W

(W]

0
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Table 29 shows the turaor sizes i ireatroent groups fom the SKMES-HGF tumors, and

table 30 shows the apti-luraor activity,

EMI-mAb inhibited tumor growth  the SKMES-HGF model ©

While

Q7% or more at

multiple doses down to T mg/ke. initially cetuximab was very effective (88% TGI

at 20 mg/ke), afier dosing ended the cetuximab-trealed tumors grew back. To countrast, the

wmors trealed with EM-mAb at ¢ither 5 or 20 me/kg did vot grow back over the course

of the study (> 2 months}.

Table 29

Pays Tumor volime (mm'’)
bispeeific bispeeific hispeeific Cetuximiah
Vehicle EM1 at EM1 at EMI1 at " 0‘7111/‘.1{;
20mg/ke Smglkg Img/kg PeVIEE
1§ 9956 9oL 10146 10146 98£5
81 146=14 4810 4949 49410 6048
15§ 192+21 = 22410 41+£13 44423
22 § 326443 342 T+12 3315 42423
29§ 577+55 241 1549 38417 25460
361 994x1 14 0.2+0.1 13+8 26%14 125462
50 4 -~ 0.04::0.04 1047 1549 234118
57§ - 0,1:40.2 352 2110 6501 16
67 | -- 00 87 34427 1257151
Table 30
1L
fomor Size (vt at
Treatment {ton’ Ma at day | T/C (%) ?0(5(;’ P value
38
i
Vehicle 994511 -~ -~ -
ific EM] a ”
bispecific EMI al {4440 15 0.02
‘;,ﬁm w'kg
bispeciiic EMT at 1340 13
Smg/kg
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bispecific EMI at

*pe 26414 26| -
Img/kg
Letusimal 12562 13 31
(20me/ke)

Example 15, Inhibition of coll migration with EMI-mAb in vigre
Method

Effect of the EM- mAb and the control monovalent antibodies on inhibition of
twmor cell migration was assessed 1o MIH-1656 colls. BEGFR owtant coll line H1650
{Lung Bronchinloalveolar carcinoma cells harboring an exon 19 routation {deletion E746,
AT501} was cultured intissue culbire flasks onder normal aulture conditions (37°C, 5%
COy, 35% hnpradityy. All media and supplementation were as suggested by the supplier of
the cells {American Type Culture Collection, Manassas, VA, USA),

1. / 1
i i

Spheroids were generated by plating H1650 hing tumor cells at 16,000 celis/we

mto U7 bottom Ultra Low Adherence (ULA) 96-well plates (Corning, Tewksbury, USA)

1 2060 pl/well. These plates stirmilate spontaneous formation of a single spheroid of cells
within 24 hours {upon incubation at 37°C, 5%C0O;) and the spheroids were grown for four
days under normal culture conditions.

Round botiom 36-well plates (BD Bioscience) were coated with 0.1% gelatin

(EMD Millipore, Billerica, USA) in sterile water for | hat 37°C. For compound
evaluation studies, day 4 10,000 cell tumor spheroids (H1650 and NCE-H1975) were
transfereed to the coated round bottorn plates and treated with the EM L-nAb, the control
monovaleat anti-EGEFR raAb EL-F405L-2p120-K409R haviang low fucose content, the
control monovalent anti-cMet mAb Mi- K409R -gpl 20~ FA05L having low fucose
content, and & combination of the two monovalent antibodies £1-F405L-gp120-K409R
and M1~ K409R -gpl120- F405L {produced in low fucose) in & dilution senes with 20
ng/ml of HGF (R&D systems}. Controls were treated with vehicle which was IgG: kappa
sotype control {concentration equal to highest drug-treated cells). Effects of compounds
were analyzed at 48 hrs by mcasuring the area covered by migrating cells using bright
field images in a fully automated Operetta high content imaging system (Perkin Elmer)

with a 2X objective. Inhibition of cell migration {(total arca) due to treatment etfect was
assessed by normalizing data by dividing by media only condrol to create a percentage cell

migration 1o control, Thus, a value less than | would be inhubitory to cell sigration.
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Results

13
H
i

The EM1-mAb demonstrated potentt synergistic inbibition of cell migration in H1650
{(L558R EGFR mutant) and H1975 {L8S8R/T790M EGER mutant) cells when compare
10 a corbination of the controf monovalent anti-EGRFE and anti-c-Met antibodies Ei-
F40SL-gp120-K409R and M 1- K409R -gp120- F405L. In H1650 cells, the six highes
concentrations of the EM 1-mAb significantly inhibited cell migration {p<0.001) compared
o the isotype control, The ECs, value for the EMI-mAb wag 0.23 nM, whereas the ECse
vaiue for the combination of the monospecific control antibodies was 4.39 nM. The EM1-
mAD therefore was about 19 fold more efficient i inbibiting Hi1650 cell migration when
compared to the combination of the monovaleni contro] antibodies. The level of ecll

migration nhibition of EMI-mAb was superior to the combination of mopaspecific

control mAbs for HI650 and H1975 cells, Table 31 shows the ECs values for the assay.

Table 31.
Hi630 H1975

Sarples B Inhibition at | Inhibition at

(D) 30 oM 30 oM
EMI1-mAb 0.23 64% 380
Mixture of E1-F405L-gpi20-K409R* 4.39 59% 20%
and M1-K409R-gpi20-F4051L*
EL-F405L - opl20-K409R* 5.44 15% 7%
M1-K409R-gp120-F405L* 7.36 43 10%

*aniibodies bave Jow fucose conten

Example 16. Epimpe mapping of anti-c-Met antibody 6% and 5D5

The anti-c-Met mAb 869 binding epitope was mapped using the linear and
consirained CLIPS pepiide technology.  The peptides scanned the SEMA, P51, and lg
dowmains of huraan cMet. The hoear and CLIPS peptides were synthesized using the

amino acid sequence of the aforementioned cMet using standard Fmoc cherustry and
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deprotected using triffuoric acid with scavengers. The coustrained peptides were
synthesized oo chemucal scatiolds 1 order o reconstruct conformational epitopes using
Chemically inked Peptides on Scaffolds (CLIPS) Techuology (Troumerman ef of., J Mol
Recogmtion 20:283, 2607). The linear and constrained peptides were coupled to
PEPSCAN cards and screened using a PEPSCAN baged BLISA {Slootstra ef af.,
Molecular Diversity 1, 87-96, 1996). The anti-c-Met mab (69 binding epitope is 2
discontimious epitope consisting of ¢-Met amino acids 239-253 PEFRDSYPIKYVHAF

{SEQ 1D NOG: 238) and 346-361 FAQSKPDSAEPMDRSA (SEQ [DNO: 239). o-Met
amino acid sequence is shown in SEQ 1D KO: 201,

Similar methods were used to map mAb 5D5 (MetMab, Onartazumab) epiiope.

mAb 5D3 binds o-Met residues 325-340 PGAQLARQIGASENDD (REQ ID NO: 24

Example 17, In vive twner efficacy studies with EM1-mAb

The efficacy of EMI mAb agatost turnor growth was conducted as deseribed o
Example 7 “Tumor efficacy studies with bispecific EGFR/c-Met molecules” and Example
14 emploving additional tumor cell lines with EGFR mutation or EGFR and/or ¢-Met
amplifications. In brief, SMU-35, H1975, HOCR2T cells, H1975 cells expressing human
HGE, or a clone of HOCR2T cells selected for its merased resistance 1o erlotimb (HOCRZT7-
ER1 cells) were maplanted subcotancously {s.¢.) into female nude mice, except that 3NLU-
5 cells were implanted i CR17/8CID mice. Mice were dosed intraperitoneally with PBS
or EMI-mAb, cetuximab (CAS 205923-36-4), erlotimib (CAS 183321-74-8), afatinib
{CAS 439081-18-2), or a combination of EM-1 mAb and afatimthb and EM-1 mAb and
eriotinib at indicated dosage and schedule shown 1 Table 32, Antitumor efficacy was
measured as % TG {(tuowor growth inhibition) calculated ag 100- %T/C (T=mean tumor
size of the treatment group; C=mean tumor size of the control group on a given day as

described in Exaraple 7)

In tumors with primary EGFR activating rautations {no resistance to EGFR TKIs):
(HCCR27 wumor, BEGFR deli(E746, A750)), EMI-mAb dosed 10 mg/ks inhibited tumor

zrowth by 82%. Erfotinib was sirailady effective in this model, as was the combination of

erlotinib and EMI-wmAb. Figure 11 shows efficacy of the therapeutics over time w the

HOCEZT umor reoded,
In twrnors with wild type EGFR and ¢-Met gene amplification {gastric cancer
model SNU-5), EMI-raAb showed antitureor activity with full twmor regression (98%

TG, at day 34 p<0.01, compared o vehicle using one-way ANOV A followed by
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wdividual comparisons using Games-Howell). Auntitumor activity of anti-EGFR oAb
cetxiraab was less, 49% at day 34, 1o this wmode], Figure 12 shows the efficacy of th

therapeutios over time 1o the ANU-S wodel.

EMI-mAb was tested in a NMICLC model containing primary EGFR activating

moutation aad the T790M EGER mutation wh

raticn
EGFR TKIs (H1975 madely. EMI-mAb hibited tumor growth witha 57% TG inthe
H19735 cell ine model mmplanted in pude mice (p<0.00¢1, compared to PBS vehicle using
Logrank analysis with Prism 3,03}, As expecied, erlotinib was not effective in this wodel
with the T790M mutation. Afatinib was equally effective as the EMI-mAb (87% TGI).
Cetuximab and the combination of EMI-mAb with afatumb were the most effective,
regressing tumors with 91% and 96% tamor growth inhibition, respectively , {(p<0.6001
for both cetintimab compared to PBS and EMI-mAb + afatintb compared to the PBS +
afatinib vehicles group using Logrank analysis with Prism 3.03). ¢-Met signaling

pathoways are not activated in this model as the mouse HGF does not bind to human c-Met.

EMI-mAb was tested in several models that were engingered to express human
HOGF using a lentiviral transduction system. This allows modeling of ligand activation of
the c-Met pathway in vive because mouse HGF does not activate the human c-Met on the
nplanted human tuowr cells. Results with SKMES-HGF model are shown in Examaple
14 and Figure 10, and the % TGl suramarized in Table 32, EM -muAb inhibited turaor

growth in the HI1975-HGF modst 71% (p<0.0001, compared to PBS vehicle using

Logrank analysis with Prism 3.03). Afatinib, erdotinib and cotuy imab were less
efficacious in this wodel. The combination of EM L-ruAb and afatinib was very effecive
(96% TGL p<0.0001, comparad to the PRS + afatinib vehicles group using Logrank
analysis with Prism 3.03). Figure 13 shows the ¢fficacy of the molecules over time in the
H1975-HGF model, Erlotimb, afatinib and cetuximab thus lose thewr antitumor efficacy in

tumeor models 1 which ¢-Met pathway s activated.

EM l-raAb was tested in a fumor model characierized by primary EGFR activating
mutation and increased resistance to I generation EGFR TKI (erlotinib} due to o-Met
gene amplification (HCC827-ER1 model). EM-mAb dosed at 10 mg/kg partially
regressed HOC827-ER1 wimors implanted with 86% TGI at day 25, and was more
etficacious than erlotinib alone (65% TGH at day 25). Combination of EM1-mAb and

1
b
¥

erlotinib did not further improve efficacy. Figure 14 shows the efficacy of the molecules

over Hme.
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EMI-mAb thus demonstrates ¢fficacy in turmor models with wild type EGER, with

primary activating EGFR mutations, with the EGER rautation T790M associated with

resigtance to EGFR therapeutics, as well as 1o models wheve o-Mel is activaled in oither 2

ligand-dependent {avtocrine HGF expression} or ligand-mdependent (c-Met gene

amplification) manner. Combination of EM-mAb with erlotinib or afatinib may wmprove

efficacy in some tumor models.

Table 32.

Treatment % TGl (day of
T . . ” ] - studyy;
Tumor Type EGFR cMet (dose in mgikg), compared to
schedule P&S vehicls
SKMES-HGF

- - EM1-mAb (20) i~ e
- Ay kY \ 71 i ETARY
_ung WY W Bk 109 (36)

SGUAMGCLS

catuximab (20), xq (4
BIVxdwk 88 (35)
SNU-5 - EM1-mAb (10} A

Af D \ It Qo

gastric wi AME L ik 98 (34)
cetuximah (10), Q)
BIWxdwk 4934
H1g75 L858R,; A EM1-mAb (10}, = 4o
NSCLC T790M WE | Biwxawk 57(18)

cetuximab (10), o ¢
BiVx3wik a1 (18)
erfotinin (50}, Qbx21d g {18}
afatinib (15), QDx214d 57 (18)

EM1-mAb (10),
BIWx3wk + afatinib a6 (18)
(15), QDx21d

H1875-HGF L858R,; A EM1-mAb (10}, PPN
NSCLE T7a0M WE L Biwxawk 718
cetuximah (10), PR
BIWX3wK 42 (18)
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erlotinib (50}, QDx21d 20 (18)
afatinib (15), QDx21d 29 (186)
ERM1-mAb {10},
BIWx3wk + afatinit 98 (18)
{15), QDx21d
HCCE27 del (E746 | EM1-mAb (10) -
Y > 3 \ i oy
NSCLC AT50); AMP YT Biwdwk 82 (35)
arlotinib {25}, QDx284 79 (35)
EM1-mAb (10},
BRAXEwi + erlotinib 78 (35)
(25), ODx284
HOCE2T-ERY | del (E748, . EM1-mAb (10}, o o
NSCLE arsoy AMP | MP L Biukdwic 86 (25)

erlotinib (25}, QDx284d 85 (25)

EM1T-mADL (10},
BIWx3wK + eriotinit 87 (25)
{25), QDx28d

BIW=Dbiweskly
QD= once per day
WT=wild tpe

AMP=auplified

Example 18, EMI mAb induced degradation of EGFR and ¢-Met in vive

To demonstrate engagement of both EGFR and ¢-Met by EM1-Ab in the fumor,
samiples were taken from H1975-HGF tumors at various times afler a single dose of 20
mg/kg EM1-mAb Tumor lysates were preparcd, normalized to total protein, and samples
nin on SDS-PAGE gels. Gels were transferred to nitrocelhulose and Western blotted for
gither EGFR {Mouse (mAb)} Anti-human EGFR (EGEF-R2); Santa Cruz Biotechnology,
Cat# s¢-73511) or ¢-Met (Mouse (mAb) Anti-human Met {L41G3); Cell Signaling
Technology, Cat# 3148). EGFR levels were normalized to GAPDH; ¢-Met levels were
notnalized to actin. The levels of receptors from EMi-mAb treated tumors were
corapared to those of PBS-treated tumors o get % total receptor. EMI-raAb treatmment
decreased the total EGFR and cMet receptor levels in H1975-HGF tumors to between 20%

1o 60% of control, depending on the time point analyzed. Figure 15 shows the averags
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receptor levels coropared to PRS over time.  pEGFR, pe-Mei and pAKT were also

decreased at 72 bours afier the single dose of EM1L

Example 19, Anti-Tumer Activity Comparing IgG; and IgG,, variand iseforms of
FEGEFR/e-Met bispecific mAbs
To better understand the contribution of effecior function to the efficacy obscrved

m the HI975-HGF model, & comparison was perfm‘msd between EMI-mAb and a variant
of EMI-mAb having an 1gG2 Fe with effector silencing substitutions

F234A/G23TAMP2ISS/H268A/NIOOL/A3308/P33 n 1g(G2 (substlibilions described in
Intl, Pat. Appl Mo, WO2011/066501) (mumbering according to the EU mndex}. An {gG2
antibody with V234A/G23TA/P238S/H26BA/VI09L/A3305/P33 15 substitutions does not
mteract with Fe receptors or effector cells (such ag NK cells and macrophages). Any loss
of activity observed with the [gGZ V234A/G237A/P2385/H268A/VI09L/A3305/P331S
variant of the EM l-mAb may thus represent antitumor activity contributed by ¢ftector-
mediated mechanismas such as ADCC and/or ADCP. After 32 day post tumor cell inplant
nthe HI975-HGF model described above, there is an indication of loss of antitumor
activity with the FeG2 V234A/GR37A/PRIBSHI68A/VI0L/A3305/P331 5 variant of the
EMI-mAb when compared to the parental EM1-mAb, suggesting that effector-mediated

mecharisos contribute to the function of EM-1 mAb. Figure 16 shows the antitumor

activity of the raclecules,
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SEQUENCE LISTING

SEQ (Type [Species [Description{Sequence

D

NO:

1 PRT  |Avtificial |[Tericon LPAFKNLVVSEVTEDSLRLEWTAPDAAFDSFLIGY QESEKVGEAINLT
VPGSERSYDLTGLEPGTEYTVSIY GVRKGGHRENPLEAEFTT

2 DNA - (Artificial [POP2Z20 |GGALAACAGGATCTACCATGCTGUCGGCGUCGAAMMALCTGETTGT

TTCTGAAGTTACT
3 DNA - Arificial [TCS10FG  {AACACCGTAGATAGAAACGGT

4 DA Artificial [130mer CGGCGGTTAGAACGCGGCTACAATTAATACATAACCCCATCCCCO
TGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGS
GGATAACAATTTCACACAGSAMACAGGATCTACCATGITS

5] DNA - (Artificial [POP2222 {CGGCGGTTAGAACGCGGCTAL

8 DMA - (Artificial [TCF7 GGTGGTGAATTCCGCAGATAGCGGSNMNONMNSNMSNNSNNSNNSNN
AACACCGTAGATAGAAACGGT

H DNA - (Artificial [TCFS GETRGTGAATTCCGUAGACAGCGGENNSNNENNINNSNNSNNSNN
SNMNAACACCGTAGATAGAAAD GG

8 DNA - Artificial [TCFS GGTGGTGAATTCCGCAGACAGUGGSNNSNNSNNSNNS NS NNSHNN

SMNNSMNNAACACCGTAGATAGAAACGET

9 DNA - [Artificial [TCF10 GETRGTGAATTCCGUAGACAGCGGENNSNNENNINNSNNINNESNN
SNMSNMNSNMAACACCGTAGATAGAAACGGT

10 DNA - (Artificial [TCFH1 GGTGGTGAATTCCGCAGACAGUGGSNNSNNSNNSNNS NS NNS NN
SMNNSMNNGNNSMNAACACCGTAGATAGAAMACGET

11 DA Artificial |TCF12 GGTHOGTGAATTCCGCAGACAGCHGGINNENNSNNSNNSNMNSNNSNN
SNMSNMNSNMONNSNNAACACCGETAGATAGAAACGET

12 DNA - (Artificial [POP2234  |AAGATCAGTTGCGGCCGCTAGACTAGAACCGUTGCCATGGTGATG
GTGATGGTGACCHECCGETGETGAATTCCOCAGACAG

>
(o]

DNA  [Artificial |POP2250 |[CGGCGGTTAGAACGCGGCTACAATTAATAC

14 DNA  (Artificial |DidLigRev [CATGATTACGCCAAGCTCAGAA

15 DNA  Artificial {Teonbnew [GAGCCGCCGCCACCGGTTTAATGGTCGATGGTGATGGT
2 GACCACCCGGTGGTGAATTCCBCAGACAG
18 DNA - JArtificial {TeonB AAGAAGGAGAACCGGTATGLTGCCGGCGLCGAAAAAL
17 DNA - [Artificial (LS1008 TTTGGGAAGCTTCTAGGTCTCGGLGGTCACCATCACC
ATCACCATGGCAGCGGTTCTAGTCTAGCGGUCCCAAL
TCGATCTTCACCAAAC
18 PRT  |Artificial |PS3ATRS- |[LPAPKNLVWEEVTEDSLRLEWADPHGFYDSFLIQYQES

7 without [EKVGEAINLTVPGSERSY DLTGLEKPGTEYTVSY GVHNY
met YKDTNMRGLPLSAEFTT
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19 PRT  |Artificial [F54AR4-17 LRPAPKNLVWSEVTEDSLRLSWTYDRDGYDSFUIQYQES
without met EKVGEAINLTVPGEERSYDLTGLKPGTEYTVSIYGVHNY
YKOTNMRGLPLSAEFTT
20 PRT  |Ardificial [PB4AR4-47 LPAPKNLVVSEVTEDSLRLSWGYNGDHFDSFLIQYQES
without et EKVGEAINLTVPGSERSYDLTGLKRPGTEYTVSIYGVHRNY
YROTNMRGLPLSAEFTT
21 FRT  |Artificial [PS54AR4-48 LPAPKNLWEEVTEDSLRLEWDDPRGFYESFLIQYQES
without met ERKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YRKDTNMRGLPLEAEFTT
22 PRY  |Artificial [P54AR4-37 LPAPKNLVYVEEVTEDSLRLEWTWPYADRLDSFLIGYQES
without met ERVGEAINLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YKDTNMRGLPLSAERFTT
23 PRT  |Artificial [54AR4-74 LRPAPKNLVVSEVTEDSLRLSWGYNGDHFDSFLIQYQES
without met EXVGEAINLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YKOTNMRGLPLSAEFTT
24 PRT  |Artificial [PB4AR4-81 LPAPKNLVWWSEVTEDSLRLSWDYDLGVYYFDSFLIQYQE
without et SEKVGEAINLTVPGSERSYDLTGLEPGTEYTVEIVGVHN
VYRKDTNMRGLPLSAEFTT
25 FRT  |Artificial [PS54AR4-83 LPAPKNLWEEVTEDSLRLSWDDPWAFYESFLIQYQES
without met ERKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YHDTNMRGLPLESAEFTT
28 PRT  |Adtificial [P54CR4-31 LPAPKNLYYEEVTEDSLRLSWTAPRAAFDSFLIQYQESE
without Met KVYGEAINLTVPGSERSYDLTGLKPGTEYTVIIYGVLGSY
VFEHDVMLPLSAEFTT
27 PRT  |Artificial [P54AR4-85v2 [LPAPKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQES
without Met ERVGEAIVLTVPGSEREYDLTGLKPGTEYTVSIYGVHNY
YKDOTNMRGLPLSAIFTT
28 PRY  |Artificial [F54CR4-31v2 [LPAPKNLVWEEVTEDSARLSWTAPDAAFDSFLIQYQESE
without Met KVGEAVLTVPGSERSYDLTGLKPGTEYTVSIYGVLGSY
VEEHDVMLPLSAIFTT
29 PRY  |Artificial [F54AR4-73v2 [LPAPKNLVYVYIEVTEDSLRLSWTWPYADLDSFLIQYQES
wihtout Met ERVGEAINLTVPGSERSYDLTGLKPGTEYTVSIYGVHNY
YKDTNMRGLPLSAERFTT
30 DNA  |Artificial [TCONG AAG AAG GAG AAC CGG TAT GCT GCC GGC GCC
GAA AAAC
31 DNA  |Artificial [TCONS CAGCCG COG CCACCO GTT TAATGE TGATGG TGA
E88ishart TGG TGA CCA CCGE GTG GTG AAG ATC GCA GAC AG
32 PRT  |Artificial [P114ARSP74-  [LPARPKNLVVSRVTEDSARLSWTAFDAAFDSFWIRYDEY
AS VVGGEAIVLTVPGSERSYDLTGLKPGTEYYVNILGVKGG
SISVPLSAIFTT
33 PRT  |Artificial [P114ARSP7S-  [LPAPKNLVVSRVTEDSARLEWTAFPDAAFDSFFIRYDEFL
ES REGEAIVLTVPGEERSYDLTGLKPGTEYWVTILGVKGGL
VSTPLEAIFTT
34 PRT  |Artificial [P114ART7PG2-  [LPAPKNLVVSRVTEDSARLEWTAFPDAAFDSFWIRYFEFL
F3 GSGEAIVLTVPGSERSYDLTGLKPGTEYIVNIMGVKGGSI
SHPLSAIFTT
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35 PRT  |Artificial {P114ARTPO|LPAPKNLVVIRVTEDSARLSW TAPDAAFDSFWIRYFEFL
2-£6 GSGEAVLIVPGSERSYDLTGLKPGTEYVVNILGVKGGGL

SVRPLSAIFTT
38 PRT  |Artificial {F1I4ARTPSILPAPKNLVVSRVTEDSARLSWTAPDAAFDSFVIRYFEFLG

2-G8 SGEAIVLTVPGSERSYDLTGLKPGTEYVWWQILGVKGGYISE

PLEAIFTT

37 PRT  |Artificial {P114ARTPSILPAPKNLVVERVTEDSARLSWTARPDAAFDSFWIRYLEFLL
2-H5 GGEANVLTVFGSERSYDLTGLRPGTEYWRQIMOGVKGGETYS
PRLSAIFTT
38 PRT  |Artificial (P1I4ARTPO{LPAPKNLVVIRVTEDSARLSW TAPDAAFDSFWIRYFEFL
301 GESGEAIVLTVPGSERSYDLTGLKPGTEYVWGINGVKGGY!
SYPLSAIFTT

38 PRT  |Ariificial (P114ART7POLPAPKNLVYSRVTEDSARLSW TAPDAAFDSFWIRYFEFL
3-G38 GSGEAVLIVPGSERSYDLTDLRKFGTEYGVTINGVKGGRY
STRLSAIFTT

40 PRT  |Artificial {P1I4ARTPOILPAPKNLYVSRVTEDSARLSWTAPDAAFDSFWIRYFEFL
2-HY GSGEAIVLTVPGSERSYDLTGLKPGTEYVWWOHGVKGGHIS

LPLSAIFTT

41 [PRT |Avtificial |P114ARTPO|LPAPKNLYVSRVTEDSARLSWTARPDAAFDSFWIRYFEFL
4-A3 GSGEAVLTVPGSERSYDLTGLKPGTEYVWNIMGYKGGK]
SPPLSAIFTT

42 PRT  |Artificial {P114AR7PO|LPAPKNLVVSRVTEDSARLSW TAPDAAFDSFWIRYFEFL
4-E5 CESGEAVLTVPGSERSYDLTGLKPGTEY AVNIMGVIRGGRY
SVPLSAIFTT

43 PRT  |Artificial {P114ARTPH LPAPKNLVVSRVTEDSARLSW TAPDAAFDSFWIRYFEFL
Y GSGEAIVLTVPGSERSYDLTGLKPGTEYVVOILGVKGGES!
SYPLSAIFTT

44 PRT  |Artificial {P114ARTPOILPAPKNLVVERVTEDSARLSWTARPDAAFDSFWIRYFEFL
5-D3 GRGEAIVLTVPGSERSYDLTGLKPGTEYVWNIMGVKGGSI
SYPLSAIFTT

45 PRT  |Artificial {P1I4ARTPSILPAPKNLYWSRVTEDSARLESW TAFDAAFDSFWIRYFEFL
5-134 GIGEAIVLTVPGIERSYDLTGLKPETEYWILGVKGEGY
SIPLSAIFTT

45 PRT  |Artificial {P114ARTPO|LPAPKNLVVIRVTEDSARLSW TAPDAAFDSFWIRYFEFL

5-53 CESGEAVLTVPGSERSYDLTGLKPGTEYVWQIMGVKGGETY
SPPLSAIFTT
47 PRT  |Artificial {P114ARTPSILPAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYFEFTT
3-F10 ACGEAIVLTVPGSERSYDLTGLKPGTEYVVNIMGVKGGSIS
PPLSAIFTT

48 |PRT |Atificial {P114AR7PO|LPAPKNLYVSRVTEDSARL SWTAPDAAFDSFWIRYFELLS
537 TGEAMLTVFGSERSYDLTGLKPGTEYWHNIMGVKGGSIS
PRLSAIFTT

148



WO 2014/081954 PCT/US2013/071288

48 PRT  (Artificial |[P114ARTPS|LPAPKNLVVSRVTEDSARLSWTAPDAAFDSFWIRYFEFV
5-Hg SKGEAIVLTVPGSERSYDLTGLKPGTEY WHRIMGVKGGS!
SPPLSAIFTT

50 PRT Artificial [ECB1 MLPAPKNLVWSEVTEDESARLSWDDPWAFYESFLIGQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSCEGESGGEGESGEGEEM
LPAPKNLVWERVTEDSARLSWTAPDAAFDSFWIRYDEWW
VGGEAIVLTVPGSERSYDLTGLKPGTEYYVNILGVRGGSIS
VPLSAIFTT

51 PRT Artificial |ECB2 MLPAPKNLVWSEVTEDESARLSWDDPWAFYESFLIGQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSCGGEEGGEGSGEGESEL
PAPKNLVVSRVTEDSARLSWTARPDAAFDSFWIRYFEFLG
SCGEAIVLITVPGSERSYDLTGLKPGTEYVVNIMGVYKGGKIS

PPLSAIFTT

2

PRT Artificial [ECB3 MLPAPKNLWSEVTEDSARLSWDDPWAFYESFLIQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSCEGESGGEGESGEGEEM
LPAPKNLVVERVTEDSARLEWTAPDAAFDISFWIRYFEFL
VPGSERSYDLTGLEPGTEYWQIGVKGGHIS

(&3]

&3 PRT Artificial |ECB4 MLPAPKNLWSEVTEDSARLSWDDPWAFYESFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSCEGESGGEGESGEGEEM
LPAPKNLVVERVTEDSARLESWTAPDAAFDSFFIRYDEFLR
SGEAIVLTVPGSERSYDLTGLKPGTEYWVTILGVIKGGLYS
TPLSAIFTT

54 PRT Artificial [ECB5S MLPAPKNLWSEVTEDSARLSWADPHGFYDSFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSCEGESGGEGESGEGEEM
LPAPKNLVVERVTEDSARLEWTAPDAAFDISFWIRYFEFL
GOGEAIVLTVPGSERSYDLTGLEKPGTEY VWNIMGYKGGKI
SPRLSAIFTT

PRT Artificial [ECB6 MLPAPKNLWSEVTEDSARLSWADPHGFYDSFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KDTNMRGLPLSAIFTTGGGGSGEGEEGGEGESEGGEEM
LPAPKNLVVERVTEDSARLEWTAPDAAFDISFWIRYFEFL
GOGEAIVLTVPGSERSYDLTGLEKPGTEYWQIHGVKGGHIS
LPLSAIFTT

4]
(o1

56 PRT  Artificial [ECB7Y MLPAPKNLVVSEVTEDSARLSWADPHGFYDSFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY

KDTNMRGLPLSAIFTTGGGGSGEGEEGGEGESEGGEEM
LPAFPKNLVVSEVTEDSARLSWTAPDAAFISFWIRYFEFL

GOGEAIVLTVPGSERSYDLTGLEKPGTEYWQIHGVKGGHIS
LPLSAIFTT

15G
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57 PRT  |Artificial [ECB1S MLPARPKNLVYVSEVTEDSARLSWDDPWAFYESFLIQYQES
EXVGEAIVLTVRPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNMRGLPLSAIFTTAPAPAPAPAPLPAPKKNLVVERVTED
SARLSWTARPDAAFDSFWIRYFEFLGEGEAIVLTVPGSERS
YRLTGLKPGTEYVWNIMGVKGGKISPRLSAIFTT

&8 FRT  lArtificlal (ECB27 MLFAPKNLVYSEVTEDSARLSWDDPWAFYESFLIQYQES
EXVCGEAIVLTVPGSERSYDLTGLKPGTEY TVIIYGVHNVY
KDTNMRGLPLSAIFTTAPARPARAPARPLPAPKNLYVSRVTED
SARLSWTARPDAAFDSFWIRYDEVWGGEAIVLTVPGSER
SYDLTGLKPGTEYYVNILGVKGGSISYPLSAIFTT

&8 PRT Artificial {ECBBO MLPAPKNLWSEVTEDSARLSWADPHGFYDSFLIQYQES

ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KOTNMRGLPLEAIFTTAPARPARPAPAPMLPARKNLVWERVT
EDSARLSWTAPDAAFDSFWIRYFEFLGSGEAIVLTVRGSE
REYDLTGLKPGTEYVVNIMGYKGGKISPPLSAIFTT

80 PRT  |Adtificial

m
O
oy
0
3

MLPAPKNLVVSEVTEDSARLSWADPHGFY DEFLIQYQES
EXVGEAIVLTYPGSERSYDLTGLKPGTEYTYSIYGVHNVY
KDTNMRGLPLSAIFTTAPAFAPAPAFLPAPKNLVVERVTED
SARLSWTAPDAAFDSFWIRYDEVWVGGEAIVLTVPGSER
SYDLTGLKPGTEYYVNILGVKGGSISVPLSAIFTT

PRYT  |Artificial {ECBY4 MLPARKNLVVSEVTEDSARLSWDDPWAFYESFLIQYQES
EKVGEAIVLTVPGSERSYDLTGLKFGTEY TVSIYGVHNVY
KOTNIRGLPLSAIFTTAPAPARAPAPLPAPKNLVVSRVTED
SARLSWTAPDAAFDSFWIRYFEFLGSGEAIVLTVPGSERS
YDLTGLKPGTEYVVNILGVRGGKISPFPLEAIFTT

55

34 PRT  |Artificial

m
[59]
<
|31

MLPAPKNLVVSEVTEDSARLSWDDPWAFYESFLIQYQES
EXVCGEAIVLTVPGSERSYDLTGLKPGTEY TVIIYGVHNVY
KOTNIRGLPLSAIFTTAPAFAPAPAPLPAPKNLVWERVTED
SARLSWTARPDAAFDEFWIRYFEFVGEGEAIVLTVPGSER
SYDLTGLKPGTEYVWNILGVKGGSISFPLBAIFTT

PRT  lArtificial |ECBS6 MLPAPKNLVVYSEVTEDSARLSWDDPWAFYESFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVIIYGVHNVY
KOTNRGLPLSAIFTTARPARPARPAPARLPAPKNLVVERVTED
SARLSWTAPDAAFDSFWIRYFEFVEKGDRAIVITVPGSERS
YOLTGLKPGTEYVWNILGVKGGSIEPPLSAIFTT

o
G

84 PRT Artificial |ECBS7 MLPAPKNLVWSEVTEDSARLSW DDPWAFYESFLIGYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNIRGLPLSAIFTTAPAPARPARAPLPAPKNLVVSRVTED
SARLSWTAPDAAFDSFWIRYFEFLGSGEAIVLTVRGSERS
YOLTGLKPGTEYVVNILSVEGGSISPRLSAIFTT
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88 PRT  |Artificial [ECB10E6  [MLPAPKNLVWWIEVTEDSARLSWDDPHAFYESFLIQYQES
EXVGEAIVLTVRPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNIRGLPLSAIFTTAPAPARPAPAPLPAPKNLVVERVTED
SARLSWTARPDAAFDSFWIRYFEFLGEGEAIVLTVPGSERS
YDRLTGLKPGTEYVWNILGVIRGGKISFFLSAIFTT

€6 PRT  lArtificial [ECB107  IMLPAPKNLVWSEVTEDSARLSWDDPHAFYESFLIQYQES

ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVIIYGVHNVY
KDTMRGLPLSAIFTTARPARPARPAPARLPAPKNLVVERVTED
SARLSWTAPDAAFDSFWIRYFEFVGSGEAIVL TVPGSER
SYDLTGLKPGTEYVWNILGVKGGSISPPLSAIFTT

I
[§]
jugl
o
o

87 PRT Artificial MLPAPKNLVWSEVTEDEARLSW DDPHAFYESFLIQYQES
EXVGEAIVLTVPGSERSYDLTGLKPGTEY TVSIYGVHNVY
KDTNIRGLPLSAIFTTAPAPARPARAPLPAPKNLVVSRVTED
SARLSWTAPDAAFDSFWIRYFEFVEKGDAIVLTVRGSERS
YOLTGLRKPGTEYVVNILGVKGGSISPPLSAIFTT

MLPARKNLVVSEVTEDSARLSW DDPHAFYESFLIQYQES
EXKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KOTNIRGLPLSAIFTTAPAPARAPAPLPAPKNLVVSRVTED
SARLSWTAPDAAFDSFWIRYFEFLGSGEAIVLTVPGSERS
YDLTGLKPGTEYVVNILSYKGGSISPPLSAIFTT

i
O
o
o
b

PRT  |Artificial

[97]
o0

&9 PRT  (Artificial [ECB118  [MLPAPKNLWEEVTEDSARLSWADPHGFYDSFLIQYQES

EXVGEAIVLTVRPGSERSYDLTGLKPGTEY TVSIYGVHNVY

KOTNIRGLPLSAIFTTAPAFAPAPAPLPAPKNLVWERVTED

SARLSWTARPDAAFDEFWIRYFEFLGEGEAIVLTVPGSERS
YOLTGLKPGTEYVWNILGVKGGKISPRPLSAIFTT

70 PRT  lArtificial [ECB118  IMLPAPKNLVYWSEVTEDSARLSWADPHGFYDSFLIQYQES
ERVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYGVHNVY
KOTNRGLPLSAIFTTARPARPARPAPARLPAPKNLVVERVTED
SARLSWTAPDAAFDSFWIRYFEFVGSGEAIVL TVPGSER
SYDLTGLKPGTEYVWNILGVKGGSISPPLSAIFTT

m
O
w
3
=

71 PRT  Avtificial MLPAPKNLVVSEVTEDSARLSWADPHGFY DEFLIQYQES

EXVGEAIVLTYPGSERSYDLTGLKPGTEYTYSIYGVHNVY

KOTNIRGLPLSAIFTTARAPARPAFAPLPAFKNLVVSRVTED

SARLSWTAPDAAFDSFWIRYFEFVEKGDAIVLTVRGSERS
YOLTGLRPGTEYVWNILGVKGGSISPPLEAIFTT

m
9]
o
s
)

72 PRT  |Artificial MLPARPKNLYVSEVTEDSARLSWADPHGFYDSFLIQYQES
EKVGEAIVLTVPGSERSYDLTGLKFGTEY TVSIYGVHNVY
KOTNIRGLPLSAIFTTAPAPARAPAPLPAPKNLVVSRVTED
SARLSWTARPDAAFDSFWIRYFEFLGEGEAIVLTVPGSERS
YDRLTGLKPGTEYVVNILSVKGGEISPPLSAIFTT

SEQ I NG: 73, PRT, Homo Sapiens, EGFR {(inclades signal sequence of 24 aa.

Mature protein starts at residue 25)

F ASFALEEKEYV C

LE TICEVACYVL IALNTIVE

i LENLQIIEGN MYYENSYALA

/BRI SNNMEA
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241 TCERESDCLY CRKERIDEATT

ERC

RV

INATN

7
ADSYE

IKELREA

01 CGVIVWED

TDVYMIMY

IMODERDMDDY VOADEYLIEC

FRGS

[

74 PRT Homo EGF
sapiens

Z

NSDSECPLSHDGY CLHDGVOMYIEALDKY ACNCWWGYIG
RCQYRDLKWWELR

m

SEQ ID NQ: 75, PRT, Homo Sapiens, Tenascin-C

PEeNIVY rynikipy

cgenaspdvi

ragoclgp atgrldip

1871 kgpnosepec pgrchlrgre idggeicddy fige:

gtevdgiove hdgtagdden kplelnneyn rgrevenecy

53

301 edegiigeds selicpndef drgreingte v

361 cvedegingy deselavpad chirg

427 ggovedegyt gedesqlrep ndchsrgrev egieveeqpf kaydesdmse pudchghgre

-n

fmgkdcke Geps el TE?g

& %

661 egglemqtiv pgdatstiig elepgveyfi rviaile

721 ksiketsvev ewdpldiafe tweiifinmm ked
781 isthivis

841 dvpgdritid Hedengysi
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Jh(k‘v(sV ")'\

56| ygigvsavice dkesnpatin aateldipkd iqvsetaets ltil

ticagth viitirgvig distiy

1261 nlwvievswd alrlnwtipd gtydgftiqv qeadgveeah niv

1321 pytvtihgey rghstrplav evvtedipgl gdlavsevgw dglrlnwtaa
381 vqevnkveas gn 7 irgytpyls acastakepe
1441 igninvsdit pestinigwms i i 21 lle tvevnisgae riahisgipp

alp Henitisdl npygrivewm ssenafdstt

gettlsgt gridelrgli tgigyevimvs gligghqikp lraeiviese

1621 pevdnilvad aipdefi lsw tadegvidnt vikis dikkq sep

eitlla petrditg!

1631 reatey gspkevifad frensatvsw raptagves!

747 rityvpitap wsmvivdgt kuqueivkl paveylvsii amicgfeesep vsgstttald
YVpURR i & g pavey =] s el

1801 gpsglviani tdsealarwg tvdsyv isylgekvpe itrtvsgntv eyaltdlepa
1861 teytlrifae kgpaksestjt akfirdldsp rdltatevygs emtitwrpp rasvigyllv
1921 yesvdgtvike vivgpdusy sladispsth ytaki plrsnmiqii fitigllypf

lgldn inkitaqgqy elrvdlrdhg etafavydk!s

76 PRT  jArtificial |Fibcon Ldaptdigvinvtdisitvswippsatitgyritytpsngpgepkelivppsstsy
titghtpgveyvysivaikdngespplvgtgtt

77 PRT  iArtificial [10th FN3 domain of  [VSDVPRDLEVVAATPTSLLISWDAPAVTVRYYRITYGETGGNSPV
fibronectin (FN10) QEFTVPGSKSTATISGLKPGYRYTITVYAVTIGRGDSPASSKRISINY

78 PRT  iArtificial {Linker GRGEE

79 PRT lAddificial {Linker SGEGESGEHESGEEESEEEESEHGES
Ry PRT  [Artificial [Linker APAP

81 PRT  [Artificial |Linker AFPAPAPARPAP

e
0
A
3

Artificial |Linker APAPAPARAPAPAPAPAPAP
Artificial |Linker APAPAFAPAFAPAPAPAPAPAPAF APAP APAPAFAPA,
PAP

o]
[aN]
s
A
i
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Artificial

Linker

AEAAAMEAAAKEAAAKEAAAKEALAKAAA

Artificial {Tencon BC loop

TAPDAAFD

Artificial | Tencon GF loop

KGGHRSN

Artificial [PS3AIRS-17 BC loop

ADPHGEYD

Artificial |P54AR4-17 BC loop

TYDRDGYD

Artificial [P34AR4-47 BC loop

Y

WDPFSEYD

Artificial [P54AR4-42 BC loop

DOPRGEYE

Artificial |P34AR4-73 BC loop

TWPYADLD

Artificial |P34AR4-74 BC loop

GYNGDHFD

Artificial |P54AR4-%1 BC loop

DYDLGVYD

Astificial [P54AR4-83 BC loop

DDPWDEYE

Artificial |FG loops of EGFR

HNVYEDTNMBRGL

Artificial {FG loops of EGFE

LGSYVFEHDVM

Artificial |>EGFR part ECB97;

P54AR4-83v2Y

Atgitgecagegecgaagaaceiggtagtiagegaggitacigaggac

agegegegtetgageiganacaateogiggoegticiacgagagettict
gatccaniatcaagagagegagasagicggingaagegatigiactgac
cgiccoggaeiccegagegiicetacgaceigaceaotitoaagcegont
accgagtatacggigageatoiacasigticacaatgictataaggaca
ctaataiccgeggicigecicigagegecattticaccace

(<o)
o
[
%

Artificial |EGFR part ECB15;

P54AR4-83v2

Atgetgecageccctaagaateiggicgigagegaagiaaccgagga
CAECHCG {gagetoggacgaceegigogegtictatlgagtctiice
{gaticaglalcasgaaagegaaaaagiiggegaagegatogtoot
ccgleccgaatagegageoctectacaalcigaccggesigaaacegy
gtacggagtacacggtgiccaitiscggtgticacasigigiataasagac
accaacatgeaiggectgecacigicggenatiticaccace

PRT  [Astificial

LPAPKNLVWSRVTEDSARLSWTAPDAAFDSFLIQYQ
ESERVGEANVLTVPGSERSYDLTGLKPGTEYTVSIVG
VKGGHRSNPLSAIFTT

Artificial | TCL14 library

LPAPKNLVVERVTEDSARLSWTAPDAAFDSFXIXYX
EXUKXGEAIVLTVRPCEERSYDLTGLKPGTEYXVXIXG
VKGGXXSXPLSAIFTT

>SEQ D NO: 101
PRT

Homo sapiens
cMet

I mkapavlapg ilvliftlvg rspgeckeal aksenmmvnmk valpnttaet pignvilheh

f=a}
iy

1 hiflgatnvl yvineedigk vaevkigpvl ehpdetpeqd csskanlsge vwidninmal

sevirgt eqrbviphnh tadigsevhe ify

gakvissvkd tfinffvgnt

frdsypikyv haft 1y th

| amcatpikyy ndithkivak nnvreig

481 idshpvspev ivehtlngng yivirgkki thiplngig

541 chdkevrsee elsgtwigal clpsiykelp nsspleggtr Hie

tvqratld agtfhtnr fosinsgihe v

Ty gpnhehcinr ti

eps gepdovvsal

ssyfpdhp Thslsvrrlk etkdgfmft dgsyidvipe

tekrkkrstk kevinilgaa yvskpgagla rgigasindd iifgviagsk pdssepmdrs
irnssgee arrdeyrtef

Walgrvdif mgglsenilt sistfiked] Hanlgtseg tingvvests gpsiphvnil

sqel sappfvgegw

awdigl rnnk fdlikk

—
(93}
o



WO 2014/081954 PCT/US2013/071288

tisyvdpvit

ketvgpam nkhinmsiii snghgiug

gil
2

npvik plekpvmism gnenvielkg

80§ enihlhzesv letvpndlik Inselniewk qaisstvigh vivapdgntt gliagvvsis

twikkrkaik digselviyd s driv

1141 giltegiimk dishpnvis! igic plyvilpymic

suem! dektivivad fglards

smifdi tvyilgqgrrl

ooV

1321 igpeyepdpl yevmilrowhp kaemipsise vsriss




WO 2014/081954

PCT/US2013/071288

=
N}
]
il

=

Hamo
sapians

1/»(\/'\‘1 Cv(A‘-\’F DRKARKOCH

(\H\ 1"\C TVESITKIGIKCOPWESMIPHEHSFILPEEYRG
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103 DN

A

Artificial

w oy
22
- =
£ T
%-—i
33
@.-%.
]
&y
p gl
AN
N N

Ctgeoggelocgaagaactigatonigagecgigitaccgaagatage
gracgeclgageiggacogeaccggatgengegticgatageticiog
atlcgeiattitgagtitcigggiageanigaggeaatigiicigacogiges
gggcicigaacgeicctacgatitaacegnictoaaace ggcaccg'a

gtaigiagigaacaticigagegitaagggcggiageaticageecac
ctgagcgedatciicacgaciggtaotioe

104 |ON

A

Artificial

>CMET part ECR15
P114ARTPO4-A3

Clgecggeacegaagaacctgottgicageegtgigacegaggaiag
cgeacgiigageigaacegcteoggaincasceiigacageiictyn:
Hfegiactigaattictggatagegatgaggeoategitcigacagtyesy

goctctgaacgcagctaigatiigacgggectgeagecgggtactgagt

acgiogttaacaicalggocgtiaagagiggiagaatcageccgeoatt
giccgegaicittaccacy

105 IPRT  iArdificial Hlinker GGGEES

1068 |PRT  Artificial |ECBS1 mipapknivsevtadsariswddpwafyesfligygesekveeaiviivpgse
rsyditgikppteyivsivgvhnvykdinirgipisaifitapapapapaplLPAP
KNLVYSRVTEDSARLSWTAPDAAFDSPWIRYFEFLGSGEANWLTY
PGSERSYRLTGLKPGTEYWVNILSVKGGAISPPLSATT

107 {PRT  {Artificial {PS3AIRS-17v2 ipapknivsevtedsariswadphpfydsfligygesekvgeaivitvpgsersy

ditgikpgteytvsivgvhnwykdtnmrglpisaiftt
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Artificial

PRAARA-83v22

ipapknivsevtedsariswddpwafyesfliaygesekvgeaivitvpgsers

vditglkpgieytvsivgvhnvykdinirgiplsaifty

109

Artificial

PHAARA-83v23

ipapknivvsevtadsariswddphafy esfliqygesekvgeaivitvpgsersy
ditgikpgieytvsivgvhnvykdtnirgiplsaifit

Artificial

ipapknivsevtedsariswadphgfydsfliqygeselvgaaivitvpgsersy
ditgikpgteytvsivevhnvykdinirgiplsaiftt

PRT

Artificial

P1I4AR7PG4-A3V22

ipapknivwsrvtedsariswtapdaafdsfwiryfeflgsgeaivitvppsersyd
ftglkpegtevwnilgvkpgkispplsaiftt

PRT

Artificial

LPAPKNIVYARVTEDSARLSWTAPDAAF DSFWIRYFEFVGSGEA]
VETVPGSERSYDLTGLKPGTEY VY NILGVKGGSISPPLSAIFTT

PRT

Artificial

LPAPKNLVYSRVTEDSARLSW TAPDAAFDSFWIRYFEFVEKGDA
WLTVPGSERSYDLTGLKPGTEYWVNILGVEGGSISPPLSAIFTT

Artificial

PII4ARTPSS-C5v2

LPAPKNLVYSRVTEDSARLSW TAPDAAFDSFWIRYFEFLGSGEA

VLITVPGSERSYDLTGLKPGTEYVVNILSVKGGSISPPLSAIFTT

Artificial

ECBYY

aigttgecagogectaagaaceiggiagiiagegagattacigaggac
agegoegegictgagetgagacgatecgioggegtictacgagageitict
gatceagiaicaagagagcgagaaagiengigaageatigigetgac
cgtoccganctccgagegitcotacyacoigacoggttigaageogaat
accgagtatacogtgagealctacggiotio acaatqt- tataagoaca
claatatcogeggiol fcaccaccgoaceyas
acegacteoggetoctgescegelgee qgct( cgaagaactigotggio
agecgigttaccgaagsiagegeacgecigageiggacggeacegaa
{geggegtticgatagetictggaticgetatttigagtiictoggtageggiga
goeasitgtictgacggtgccggacicigaacgetectacgatitgaccy
gtetgaasacegggeaccyadtal fgaacatictyageotiaagus
cggtagealcageccacegoigagegegatcicacaactagigatige

]
=
3>

Artificial

ECB1S

atgeigee ca taagaatciggtegigagegaagtaacegaggac
agegocage ;ct(; acgaceogiggoegtictatgagictttoat
gaticagiatea agqaaqx saaaaagtiggegaagenategicctyac
sgtccogggiagegagencicolacgatotgacoggecigaaaceyyy
gotgtecatifacoptgiicacaaigigtataaagaca
ccagacaigegiggectigecgeigiegocgattticace cgecige
gecagegoetgoacoggelcogetgocggoaccgaagaacclgatig
cageogigigaccgaggatagegeacgittgagetggacogetoegga
tocagecttigacagctictggaticgttacittyaatiictggatage gty
agyegategticigacggtoccggacictyaacgeagatatgatitgacg
ggccigaagccgantactgastacatggiaacateatgagegtiaagy
glagtaaaatcangceegocatigicogegaictiiacoacy

PRT

Artificial

albumin binding
omain

fidewilkeakekaieeikkagitsdyyfdiinkakivegvnalkdeilka

;
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118 |PRT  iArtidicial {ECBR18 mipapknivvseviadsarswddpwalyesfligyqesekvgeaivity
pgsersyditgikpatevivsivgvhnvyvkatnmrgipisaiittapapapa
paplpapkalvvsiviedsariswtapdaafdsiwirydevvvggeaivit
vpgsersyditgikpatevyvnilgvkagsisvplsaifilapapapapap!
agakvianreldkygvsdyvknlinnakivegvkalideliaalp

18 |PRT  jArtificial |ECB28 mipapknivvseviedsariswadphgfydstligygesekvaeaivity
pgsersyditgikpatevivsiyvgvhnvykdtnmrgipisaifttapapapa
paplpapknivvarviedsariswiapdaafdafwirydevvvggeaivit
vpgsersyditgikpateyyvniigvkagsisvplsaifitapapapapagpt
asakvianreldkygvsayvknlinnaktvegvkalideiiaaip

120 |PRT  {Artificial |(ECB38 mipapknivvsavtedsarswddpwatyesfligygesekvgeaivity
posersydiigtkpgteyivsivovhnvykdinmrgiplssiftiapapapa
paplpapknivvarviedsarswiapdaafdsfwiryfeflysgeaivity
pgsersydiigkpgteyvvnimgvkagkispplsaifttapapapapapl
aeakvianreldkygvsdyyknlinnakivegvkalideiiaalp

121 |PRT  {Ardificial |[ECB38 mipapknivvseviedsariswadphgfydsfligyoesekvgeaivity
pgsersydiigikpgteytvsivgvhnvyikdinmrgipisaiftiapapapa
paplpapknivvsrvtedsariswlapdaaidsfwiryfefigsgeaivity
pgsersydiigkpgteyvvnimgvkggkispplsaifttapapapapapl
aeakvianreldkygvsdyyknlinnakivegvkalideiiasip

122 |PRT  {Artificial |PS3A1TRE-17 wihMet [MLPAPKNLVWSEVTEDSLRLSWADPHGFYDSFLIQY
QESERKVGEAINLTVPGESERSYDLTGLKPGTEYTVSHY
GVHNVYKDTNMRGLPLSAEFTT

123 |PRT  {Artificial |P54AR4-17 with Met [MLFAPKNLVVSEVTEDSLRLSWTYDRDGYDSFLIQY
QESERKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIY
SVANVYKDTNMRGLPLSAEFTT

124 IPRT  {Artificial [P54AR4-47 with Met [MLPAPKNLVVESEVTEDSLRLEWGYNGDHFDSFLIQY
QESEKVGEAINLTVPGSERSYDLTGLRKPGTEYTVELY
OVHNVYEDTNMRGLPLEAEFTT

125 |PRT  {Artificial |P54AR4-48 with Met [MLPAPKNLVVSEVTEDSLRLSWDDPRGFYESFLIQY
QESEKVGEAINLTVPGSERSYDLTGLKFGTEYTVSIY
GVHNVYKDTNMRGLPLSAEFTT

126 |PRT  iAvificial |P54AR4-73 with Met IMLFAPKNLVVSEVTEDRSLRLSWTWPYADLDSFLIQY
QESERKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIY
SVANVYKDTNMRGLPLSAEFTT

127 IPRT  {Artificial |54AR4-74 with Met  [MLPAPKNLVVESEVTEDSLRLEWGYNGDHFDSFLIQY
QESEKVGEAINLTVPGSERSYDLTGLKPGTEYTVELY
OVHNVYEDTNMRGLPLEAEFTT

128 |PRT  {Artificial |P54AR4-81 with Met [MLPAPKNLVWWSEVTEDSLRLSWDYDLGVYYFDSFLIQ
YQESEKVGEAINLTVPGSERSYDLTGLKPGTEYTVS]
YGEVHNVYKDTNMRGLPLSAEFTT

128 |PRT  iAvdificial |P54AR4-83 with Met (MLPAPKNLVVSEVTEDSLRLSWDDPWAFYESFLIQY
QESERKVGEAINLTVPGSERSYDLTGLKPGTEYTVSIY
SVANVYKDTNMRGLPLSAEFTT
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PRT

Artificial

PEACR4-31 with Met

MLPAFKNLVYWSEVTEDSLRLSWTAPDAAFDSFLIQY
QESEKVGEAINLTVPGSERSYDLTGLRKPGTEYTVELY
GVLGSYVFEHDVMLPLSAEFRTT

PRT

Artificial

PE4AR4-83v2 with

Mat

MLPAPKNLVWSEVTEDSARLEWDDPWAFYESFLIQY
QESERVGEAIVLTVPGESERSYDLTGLKPGTEYTVSHY
GVHNVYKDTNMRGLPLSAIFTT

PRT

Artificial

PR4CRA-31v2 with
Met

MLPAPKMLVVSEVTEDSARLSWTAPDAAFDSFLIQY
QESERKVCGEANVLTVPGSERSYLTGLKPGTEYTVSIY
GVLGSYVFEHDVMUPLSAIFTT

PRT

Artificial

PEAARA-73v2
withMet

MLPAPKNLVWSEVTEDSLRLEWTWPYADLDSFLIQY
QESERKVGEAINLTVPGESERSYDLTGLKPGTEYTVSHY
GVHNVYKDTNMRGLPLSAEFTT

Artificial

P53ATRS-17v2 with
Met

mipapkiwsevtedsariswadphgfydsfliqygesekvgeaivitvpgser
syditglkpgteytvsivgvhnvylkdtnmrgiolsaiftt

135

PRT

Artificial

P54AR4-83v22 with

et

mipapkniwsevtedsariswddpwalyesfligyqesekvgeaivitvpgse
rsyditglkpgieyivsivgvhnvykdtnirgt

plsaiftt

Artificial

PE4AR4-83v23 with

Met

mipapknivwsevtedsarlswddphafyesligvgesekvgeaivitvpgser
svditglikpgteytvsivygvhnvykdinivgiplsaifit

Artificial

P5IALIRS-17v22 with

Met

rolpapkniwseviedsariswadphgfydsfligyqesekvgeaivitvpgser
syditplkpgteyivsivgvhinvykdinirgiplsaiftt

PRT

Artificial

ECB1 without Met

LPAPKNLVWSEVTEDSARLEWDDPWAFYESFLIQYQ
ESEKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTMMRGLPLSAIFTTGGGESGEGESGEEE
SGGEESMLPAPKNLVYSRVTEDSARLSWTAPDAAF

DEFWIRYDEVWWGEGEAIVLTVPGSERSYDLTGLKPG

TEYYVNILGVKGGSISVPLEAIFTT

PRT

Artificial

ECB2 without Met

LPAFKNLVWWSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLKPGTEYTVEIYG
VHNVYKDTNMRGLFLEAIFTTGGEESGEGERGEEE
SCGEGGSLPAPKNLVWIRVTEDSARLSWTAPDAAFD
SFWIRYFEFLGSGEAVLTVPGSERSYDLTGLKPGT
EYVVMNMGVKGEKISPPLSAIFTT

140

Artificial

ECRB3 without Met

LPAPKMNLVVSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHMVYKDTRMRGLPLSAIFTTGGEGSGGGEEEGEE
SGEGESMLPAPKNLVVSREVTEDSARLSW TAPDAAF

DSFWIRYFEFLGSGEAVLTVPGSERSYDLTGLKPG

TEYWVWQUIGVKGGHISLPLSAIFTT

166
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141 |PRT  iArtificial |[ECR4 without Met LPAPKNLVYSEVTEDSARLSWDDPFWAFYESFLIGYQ
ESEKVOEAIVLTVPGSERSYDRLTOLKPGTEYTVSIYG
YHNVYKDTNMRGLPLSAIFTTCGGGSGEGESEEGEE
SCEGEEMLPAPKNLVVERVTEDSARLSWTAPDAAF
DSFFIRYDEFLRSGEAIVLTVPGSERSYDLTGLKPGT
EYWVTILGVEKGGLVETPLSAIFTT

142 |PRT  iAriificial |ECBS without Mat LPARFKNLVWEEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNMRGLPLSAIFTTGGGEGSGGGEEGEGG
SGEGESMLPAPKNLVVSREVTEDSARLSW TAPDAAF
DSFWIRYFEFLGSGEAVLTVPGSERSYDLTGLKPG
TEYVVNIMCVKGGKISPPLSAIFTT

143 |PRT  iAriificial |ECB6 without Mat LPARFKNLVWEEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNMRGLPLSAIFTTGGGEGSGGGEEGEGG
SGEGESMLPAPKNLVVSREVTEDSARLSW TAPDAAF
DSFWIRYFEFLGSGEAVLTVPGSERSYDLTGLKPG
TEYWVWQUIGVKGGHISLPLSAIFTT

144 |PRT  iAriificial |[ECBY without Mat LPARFKNLVWEEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNMRGLPLSAIFTTGGGEGSGGGEEGEGG
SGEGESMLPAPKNLVVSREVTEDSARLSW TAPDAAF
DSFWIRYFEFLGSGEAVLTVPGSERSYDLTGLKPG
TEYWVWQUIGVKGGHISLPLSAIFTT

145 |PRT  {Ardificial |ECB15 without Met (LPAFKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNMRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWORVTEDSARLEW TAPDAAFDSFWIRYFEFLGEG
EAIVLTVPGSERSYDLTGLKPGTEYVVNIMGVYKGGKI
SPPLSAIFTT

146 |PRT  {Ardificial |ECB27 without Met (LPAFKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNMRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWORVTEDSARLEWTAPDAAF DEFWIRYDEVWGS
EAIVLTVPCSERSYDLTGLKPGTEY YWNILGYKGGS]
SVPLSAIFTT

147 |PRT  {Ardificial |ECBSO without Met  (LPAFKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNMRGLPLSAIFTTAPAPAPARPAPMLPAPK
NLVWORVTEDEARLSWTAPDAAFDSFWIRYFEFLGE
GEAIVLTVPGSERESYDLTGLKPETEYVVNIMGVKGG
KISPPLSAIFTT

148 |PRT  iArdificial |ECB37 without Met (LPAFKNLVWSEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLKPGTEYTVEIYG
VHNVYKDTNMRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWORVTEDSARLEWTAPDAAF DEFWIRYDEVWGS
EAIVLTVPCSERSYDLTGLKPGTEY YWNILGYKGGS]
SVPLSAIFTT
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149 |PRT  Artiicial {ECB%4 without Met  [LPAPKNLVVSEVTEDSARLSWDDFWAFYESFLIGYQ
ESEKVOEAIVLTVPGSERSYDRLTOLKPGTEYTVSIYG
YVHNVYKDTHNIRGLPLSAIFTTARPAPARAPARLFAPKNL
VVSRVTEDSARLEW TAPDAAFDSFWIRYFEFLGSGE
ANVLTVPGSERSYDLTGLKPGTEYWWNILGVKGGKIS
PPLSAIFTT

150 {PRYT  iArtificial |ECBYS without Met  {LPAPKNLVWEEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNMVYKDTNIRGLPLSAIFTTAPAPARPAPARLPAPKNL
VVSRVTEDSARLSWTAPDAAFDSFWIRYFEFVGEEG
EANVLTVPGSERSYDLTGLRKFCTEYVVNILGVKGGSI
SFPLSAIFTT

151 |PRT  {Ardificial |ECBOS without Met (LPAFKNLVWSEVTEDSARLSWDDPWAFYESFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLKPGTEYTVEIYG
VHNVYKDTNIRGLPLEAIFTTAPAPAPAPAPLPAPKNL
VVERVTEDSARLSWTAPDAAFDSFWIRYFEFVSKGD
AIVLTVPGSERSYDLTGLKPGTEYVWNILGVKGGSIS
PRLSAIFTT

182 IPRT  jArtificial |ECBSY without Met  [LPAPKNLVVSEVTEDSARLEWDDPWAFYESFLIQYQ
ESERVGEANVLTVPGSERSYDLTGLKPGTEYTVSIVG
VHNVYKDTNIRGLPLSAIFTTAPAPAPAFAPLPAPKNL
YWERVTEDSARLSWTAPDAAFDEFWIRYFEFLGSGE
AVLTVRGSERSYDLTOLKPGTEYVVNILSVKGGESISF
PLEAIFTT

153 PRT  iArtificial [ECR10S without Met [LPAPKNLVVSEVTEDSARLEWDRDFHAFYESFLIQYQ
ESERVOEAIVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTMNIRGLPLSAIFTTAPAPAPAPAPLPAPKNL
VVSRVTEDSARLEW TAPDAAFDSFWIRYFEFLGSGE
AVELTVPGSERSYDLTGLKPGTEYVWNILGVKGGKIS
PPLSAIFTT

154 PRT  Artidicial {[ECB107 without Met [LPAPKNLVVSEVTEDSARLSWDDFHAFYESFLIQYQ
ESEKVGEAIVLTVRGSERSYDLTGLKPGTEYTVSIYG
YVHNVYKDTHNIRGLPLSAIFTTARPAPARAPARLFAPKNL
VVSRVTEDSARLEWTAPDAAFDSFWIRYFEFVGSG

EAIVLTVPGSERSYDLTGLKPCTEYVYNILGVYKGGE!

SPPLSAIFTT

155 |PRT  {Artificial |ECB108 withoul Met [LPAPKNLVVSEVTEDSARLSWDDPHAFYESFLIQYQ
ESEXKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNMVYKDTRIRGLPLSAIFTTAPAPAPAPAPLPAPKNL
VVSRVTEDSARLSWTAPDAAFDSFWIRYFEFVEKGD
AVLTVPGSERSYDLTGLKPGTEYVWNILGVKGGSIS
PRLSAIFTT

3
&
o
2

4

Artificial |ECB109 without Met [LPAFKNLVWSEVTEDSARLSWDDPHAFYESFLIQYQ
ESEXVGEAIVLTVPGSERSYDLTGLKPGTEYTVEIYG
VHNVYKDTNIRGLPLEAIFTTAPAPAPAPAPLPAPKNL
YWERVTEDSARLSWTAPDAAFDSFWIRYFEFLGSGE
AIVLTVPGSERSYDLTGLKPGTEYVVNILSVKGGSISP
PLEAIFTT

162
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157 |PRT  iArtiicial {ECB118 without Met [LPAPKNLVVSEVTEDSARLSWADPHGFYDSFLIGYQ
ESEKVOEAIVLTVPGSERSYDRLTOLKPGTEYTVSIYG
YHNVYKDTNIRGLPLSAIFTTARAPARPAPAPLPAPKNL
VVSRVTEDSARLEW TAPDAAFDSFWIRYFEFLGSGE
AIVLTVPGSERSYDLTGLKPGTEYVVNILGVEKGGKIS
PPLSAIFTT

158 |PRT  {Artificial |ECB119 without Met [LPAPKMNLVVSEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNMVYKDTNIRGLPLSAIFTTAPAPARPAPARLPAPKNL
VVSRVTEDSARLSWTAPDAAFDSFWIRYFEFVGEEG

EANVLTVPGSERSYDLTGLRKFCTEYVVNILGVKGGSI

SPPLISAIFTT

150 {PRT {Artificial |ECB120 without Met [LPAFKNLVVEEVTEDSARLSWADPHGFYDSFLIQYQ
ESEXVGEAVLTVPGSERSYDLTGLKPGTEYTVSIYG
VHNVYKDTNIRGLPLEAIFTTAPAPAPAPAPLPAPKNL
VVERVTEDSARLSWTAPDAAFDSFWIRYFEFVSKGD
AIVLTVPGSERSYDLTGLKPGTEYVWNILGVKGGSIS
PRLSAIFTT

1680 |PRT  jArtificial |ECB121 without Met [LPAPKNLVVSEVTEDSARLEWADPHGFYDEFLIQYQ
ESERVGEANVLTVPGSERSYDLTGLKPGTEYTVSIVG
VHNVYKDTNIRGLPLSAIFTTAPAPAPAFAPLPAPKNL
YWERVTEDSARLSWTAPDAAFDEFWIRYFEFLGSGE
AVLTVPGSERSYDLTGLKPGTEYVVNILSVKGESISP
PLEAIFTT

181 {PRT  (Artificial [ECBS1 without Met ipapknivwseviedsartswddpwalyasfligvgesekvgeaivitvpgsers
vditglkpgiaytvsivgvhnvykdinirginlsaifitapapapapapl PAPK
MLVVSRYTEDSARLSWTARDAAFDSFWIRYFEFLGSGEAIVLTVP
GSERSYDLTGLEPGTEYVYNILSVEGGSISPPLSAIFTT

162 |PRT  jArtiicial |ECB18 without Met  lipapknivvseviadsariswddpwaiyesiligyqesekvgeaivitvp
gsersydiigikpgtevivsiygvihnvyidinmralplsaifitapapapap
apipapknivvsrviedsarswiapdaafdshwirydevvvogeaivity
pgsersyditglikpaievyvrilgvikgasisvpisaiftiapapapapapla
sakvianreldkygvadyykniinnakivegvkalideifaalp

163 |PRT  {Artificial |ECBZ8 without Met  {ipapknivvseviedsariswadphglydsiligyqesekvgeaivitvpg
sersyditgiipgteyivsivgvhnvykdtnmrgipisaifttapapapapa
pipagknivvsrvtedsariswiapdaaidsfwirydevvvggeaivitvp
gsersydiigikpgteyyvnilgvkggsisvplsaifttapapapapapiae
akvianreldkygvedyykniinnakivegvkalidellaalp

164 |PRT  {Ardificial |ECB38 without Met  {ipapknivvseviedsarlswddpwatyesfligyqesekvgeaivitvp
gsersyditglkpgte vivsivavhnvykdtnmrglplsaifttapapapap
aplpapknivvsiviedsariswiapdaafdsfwindefigageaivitvp
gsersyditgikpgteyvvnimgvkggkisppisaifttapapapapapla
eakvianreldkygvsdyvkniinnaktvagvkalldailaalp
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FRT  |Artificial [ECB3%9 without Met

papknivvseviedsariswadphgfydstliigyvaesekvgeaivitvpy
sersvditgikpgtaytvsiygvhnvykdinmrgiplsaifttapapagapa
pipapknlvvsrvtedsariswiapdaaldstwirvfefigsgeaivitvpg

sersyditglkpgteyvvnimgvkggkispplsaitttapapapgapaplae
akvianreldkygvsdyyknlinnaktvagvkalideliaalp

DNA - |Artificial TECBO7 without Met

ttgocagegccgaagaacciggtagtiagegaggtiactgaggacagde

gogegictgagetgagacgatcegigggogticiacgaganotitecigal

ceagtaicaagagagegagaaagioggtgragoegatigtgeigacogt
cocgogctcegagegticciacgacctgaccggtttgaagecgggiace
gagtatacogigageatciacygigticacaatdictataaggacaciaa
tatccgegyiclgectetgagonccaititcaccaccgoacegaoaccy
gotcengctecigecoogetgecggeiccgaagaactiggiggtgagec
gtogitaccgaagatagegeacgectgagetggacggcaceggaiacyg

gegttegatagetictgoaticgatatitigagiictgogiageggtaagas

aatigtictgacyoigeosygatetgaacgetoctacgattigacegatct

gaaaccygucaccgagtalgigaigaacatictgagegtiaanygeyst
agcaicagoccaccgeigagegegaicticacgactggiggttoe

N
]
-~}

DNA ECEBE15 withoul Met

cigecageceectaagaatctgotegtgagenaagiaaccgaggacayg
cgeccgerigagetgggacgsccegigggegtictatgagictiicctga
flcaglalcaagaaagenaasaagiiggegaagegaicgioaigacey
isccggatagegagoegctectacaatcigaceggecigaaaceangta
cggagtacacagtgtecatitacggigticacaalgigtalaaagacace
aacatgegiggectgecgetgteggegatiticaccacegegectgege
cagegecigeaccgacicegoigeeggeaccgaagaaccipgiigica
gocgigigaccgagaatagegcacatitgagatagaceyctcoggaty
cageoittgacagotictogaticgtiacttigaatiicigggtagegatgag
gegategitctgacggigecgaactcigaacgeagctaigatitgacgyg
cotgaagecagotacigagtacgiggitaacaicatgggegtiasgagty
gtaaaatcageoecgacaitgicegegaicttiaccacy

ONA - [Artificial
P54AR4-83v22

without met

»EGFH part ECBYBY;

figocagoegecgaagaacoiggtagitagegaggtiactgaggacage
gogegictgagetgagacgatcegigggogticiacgaganotitecigal
ccagtaicaagagagegagaaagicggtoaagegatigigeigacogt

facgaccigacegotttgaagecgggiace
gagtatacogigageatciacygigticacaatdictataaggacaciaa
tatccgegyiclgectetpagonccaititcaccace

cysteine

1689 {DNA  |Artificial |>EGFR part ECB15; |clgccageccotaagaatetgategiyagegaagtaaccgaggacag
P54ARS-83v2 cgecogectpageigggacgacceginggeaitctatgagtctticetga
without Met ilcaglatcaagaaagegaaaaagiiggegaagegaicgtecigaccy

tcocgggiagegagegeicctacgsictgaceggecigaasccgggia
cggagtacacgoigiceatitacgyigticacaatgtgiataaagacace
aacatgegiggecigeegoigiengegatiticaccace

170 {FRT riificial |ECES4 with C-ter MLPAPKNLVWEEVTEDSARLEWDDPWAFYESFLIQY
cysleine QESERVGEANVLTVPGESERSYDLTGLKPGTEYTVSIY

GVHNVYKDTNIRGLPLEAIFTTAPAPAPAPARPLPAPKN
LVWSRVTEDSARLSWTAFDAAFDEFWIRYFEFLGSG
EAIMLTVEGSERSYDLTGLKPGTEYVVRIL GVKGGH]
SPPLSAIFTTC

171 {PRT riificial [ECESS with C-ter MLPAPKNLVWEEVTEDSARLEWDDPWAFYESFLIQY

QESERVGEANVLTVPGESERSYDLTGLKPGTEYTVSIY
GVHNVYKDTNIRGLPLESAIFTTAPAPAPAPAPLPAPKN
LVWVSRVTEDSARLSWTAFDAAFDEFWIRYFEFVGSS
EANMLTVEGSERSYDLTGLKPGTEYVVRIL GVKGGSI
SFPLSAIFTTC
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172

0
el
...;

Artificial

ECRY6 with C-ter
cysteine

MLPAPKNLVWSEVTEDSARLSWDDPWAFYESFLIQY
QESEKVGEAIVLTVPCSERSYDLTGLKPGTEYTVEY
GVHNVYKDTNIRGLPLSAIFTTAPAPAPAPARLPAPKN
LVWERVTEDSARLSW TAPDAAFDSFWIRYFEFVSKSG
DANVLTVPGSERSYDLTGLKPCTEYVVNILGVKGGES!
SPPLSAIFTTC

173 |PRT

Artificial

ECRYY with C-ler
cysisine

MLPAPKNLVWSEVTEDSARLSWDDPWAFYESFLIQY
QESEKVGEAIVLTVPGSERSYDLTGLKPGTEYTVEY

GVHNVYKDTNIRGLPLSAIFTTAFAPAPAPAPLPAPKN
LVWERVTEDSARLSWTAPDAAFDSFWIRYFEFLGSG
EAIVLTVPGSERSYDLTGLKPGTEYVWNILSVKGGSIS
PPLSAIFTTC

174 |PRT

Artificial

ECE108 with C-tar
cysteineg

MLPAPKMNLVVSEVTEDSARLSWDDFHAFYESFLIQY
QESERVGEAIVLTVPGRERSYDLTGLKPCTEYTVSIY
GVHNVYRDTNIRGLPLSAIFTTAFAPAPAPAPLFPAPKN
LVWWORVTEDSARLSW TAFDAAFDSFWIRYFEFLGSG
EAIVLTVPGSERSYDLTOLKPGTEY VWNILGVKGGK!
SPPLSAIFTTC

175 |PRT

Artificial

ECB107 with C-er
cysieine

MLPAPKNLVYSEVTEDSARLEWDDFHAFYESFLIQY
QESERKVGEAVLTVPGSERSYDLTGLKPGTEYTVSIY
SVHNVYKDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKN
LVWORVTEDSARLEW TAPDAAFDSFWIRYFEFVGSSG
EAIVLTVPGESERSYDLTGLKPGTEYVVNILGVKGG S
SPPLSAIFTTC

Artificial

ECB108 with C-ler
cysteine

MLPAPKNLVWSEVTEDSARLSWDDPHAFYESFLIQY
QESERVGEAIVLTVPGESERSYDLTGLKPGTEYTVSHY
GVHNVYKDTNIRGLPLSAIFTTAPAPAPAPAPLPAPKN
LWERVTEDSARLEW TAPUAAFDSFWIRYFEFVSKEG
DANVLTVPGSERSYDLTGLKPGTEYVVNILGVKGGSI
SFPLSAIFTTIC

Artificial

ECB10Y with C-ter
cysteine

MLPAFKNLYWSEVTEDSARLSWDDPHAFYESFLIQY

QESEKVGEAIVLTVPGSERSYDLTGLKPGTEYTVSHY

GVHNVYKDTNIRGLPLSAIFTTAPAPAPAPARLPAPKN
LVWERVTEDSARLSW TAPDAAFDSFWIRYFEFLGSG
EAIVLTVPGSERSYDLTGLRKPCTEYVYNILSVKGGSIS
PPLSAIFTTC

.
-
[os]
3
A
i

Artificial

ECBS1 with C-ter
cystaine

mipapkiwsevtedsariswddpwafyesfligyqeselvgraiviivpgsa
rsyditglkpgteytvsivgvhnvykdtnirgipisaifttapapapapaplPAR
KNLVVSRYTEDSARLSWTAPDAAFDSFWIRYFEFLGSGEAIVETY
PGSERSYDLTGLKPGTEYWYNILSVKGGSISPPLSAIFTTC

>SEQ 1D NO: 179

PRT

Artificial

An FG oop of EGFR binding FN3 domain

—
N
o
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HNVYKDTNXRGL,

wherein Xo1s M or 1

>SEQ 1D NO: 180

PRT

Artificial

A FG leop of EGFR binding FN3 domam

LGRYVFEHDVML (3EQ 1D NO: 180},

>SEQ 1D NO: 181

PRT
Artificial

a BC loop of EGFR binding FMN3 domain

KXo KX K XXX (SEQ TD NGt 181}, wherein

X 5A, T, Gor Dy
XA D, Yor W,

X P Do N;

X415 L or absent;

XD HRGYoaW,
Xsis G, Dor A

X8 A F, G, Hor ; and
Xsis Y. ForkL.

>SEQ ID NO: 182

PRT
Artificial

EGFR binding FN3 domain
LPAPKNLVVSEVTEDSLRLSWX XXX (XK XXX DRFLEYYQESEKVGEAINLTVE
GSERSYDLTGLEKPGTEYTVSIVGVHNVY KDTMXRGLPLSAEFTT (SEQ 1D NG

182),

Xiis AT, Gor Iy
X8 A, BL Y or W
X1 B, Dor I

X8 L oor absent;

166
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s D H R G YorW;
Xeis (3, Dor A
X;3A,F, G Hor I3
Xgis¥, ForL; and
XoisMorl

>SEQ D NG IR3
PRT
Artificial
EGFR binding FN3 domain
LPAPKNLVVSEVTEDSLRLSWX XK XK X DAFLIQYQESERVGEAINLTVP
GSERSYDLTGLEPGTEYTVSIYGVLGSYVFEHDVMLPLSAEFTT (SEQ ID NG:
1833,
wherein
XA, T, Gor Iy
X8 A DL Y or W
X1 B, Dor I
X418 L or absent;
XD H R G Y or W
Xas G, Bor A
Xyis A F, G, Hor I and
Xgis Y, ForL.

>SEQ ID NG: 184
PRT
Arxtificial
A C-met binding FN3 domain C strand and & CD loop sequence
DSFX pIRY X B XX 3X4X5GX ¢ (BEQ ID NO: 154), wherein
Xpis W, ForV;
XpisD, Fork;
XpisV, Fork;
XV, Lor T
Xuais VB, G L, Tor§;
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Xisis G, S, A, Tor K and

Xigis Eor ¥ and

>HEQ 1D NO; 185
PRT
Artificial
A ¢-Met binding FIN3 domain F strand and a FG loop
TEY X, VX 51X 10X a0V KGGX X8 X0 (SEQ 1D NO: 185), wherein
Xpis Y, W. LV, Gor A;
XigisN, T, Qor (s
XpgisL, M, Nork
XonisGor i,
X188, LG, Y. T, R, Hor K
Xnisl Vorl;and
X sV, T.H,LP, YorL.

SREQ D NG: 186
PRT
Artificial
g o-Met binding FN3 domain
LPAPKNLEVVSRVTEDSARLSWTAPDAAF DSFX GIRYX | B XX o XX 56X 6
AIVETVPGSERSYDLTGLKPGTEY X VXX 16X VK GGX X SX o PLSABETT
(SEQ 1D NO: 186},
wherein
Xipis W, For V;and
Xy, Fork,
XpisV, Fork,
XaisV, LorT;
XusV, R G L Tors,
Xxsis G, S, A, TorK;
XpisEory
Xpis Y, W LV, Gor A;
XpisMN, T.Qor G

Xpisl, M, Nork
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XypisGorS;

XyisS, LG Y, T, R HorK;
X s L, Vor L and

Ky sV, T.H,LP, YorL.

>SEQ D NG 187

PRT

Artificial

EGFR FN3 domain of a bispecific EGFR/c-Met FN3 doraain containing wolecules

LPAPENEVVEX VT X DX RLSWDDP X AFY X s SFLIQY QX SEKVGEAIX (LT
/PGSERBYDLTGLEPGTEYTVSIV X, VHENVYRDTNX,RGLUPLSAXFTT (SEQ 1D

NO: 187y, wherein

XuisE, NorR;

XpisEor Iy

XasisLoor A;

XyisHo W,

XagisEor D)

XwisEor P

XpisNorV,

XuisGoryY,

XpisMorl and

XnisEork

>REQG 1D NO: 188

c-Met FN3 domain of a bispecific EGFR/c-Met FN3 domain contatning molecule
LPAPKNLEVVSXVTXsDSX G RUSWTAPDAAFDISFWIRVE X F X35 K50 K4 GXa Al X 4
LTVPGSERSYDLTGLEPGTEY VVNIX 53X VKGGX 4 SPPLSAXLFTT (SEQ ID NO:
1883 wherein

XuisE NorR;

XssisEBEor Py

XssisLor A

X Eor Py

XpisVorl:

KipisGor S
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Xq(‘, 1SS or K.
XpwsEor Dy
X;u 1 N or V,
Kyzis Loor M;
XyisGor S
XKys1s S or K and

XeisEorl,

>SEQ D NO: 159

EGFR mab EI VH
QVOLVESGGHGVVOPGRALRLSCAASGFTFSTYGMHWVRQAPGKGLEWVAVIWD
DGSYKYYGDSVKGRFTISRDNSKNTLY
LOMNGLRAEDTAVYYCARDGITMVRGYVMEDY DWW WGRGTLVTVSS

SSEQ TN NG: 190
BGFR mAb E1 VL
AIOLTOSPSSLIASVGDRVTITCRASQDISSALYVWYQOGKPGKAPKLLIYDASSLESG
VPSRFSGSESGTDFTLTISSLOP

EDFATYYCQOFNSYPLTFGGGTKVEIK

>SEQ D NG: 191
EGFRmAbE2 VH

1 EVOQLVESGGG LVQPGGSERL SCAASGEFTFS SYWMNWVRQA
PGKGLEWVAN IKKDGSEKYY

61 VDSVKGRETI SRDNAKNSLY LOMNSLRAED TAVYYCARDL
GWGWOWYEFDL WGRGTLVTVS

121 5

=REQ ID NO: 192
EGFR mAb E2 VL
I EIVETQSPAT LALAPGERAT LSCRASQSVS SYLAWYQOEP GQAPRLLIYD

ASNRATGIPA
6l RESGSGSGTD FTLTISSLEP BEDTFAVY YCQQ RENWPPTFGQ GTKVELC

>SEQ D NO: 193
cMet mAb M1 VH

176G
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QVQLVOSGAEVKKPGASVRKVARCETSGYTFISYGISWVRQAPGHGLEWMGWISAY
NOGYTINYAQKLQGRVIMTTDTSTSTAYMELRSLRSDDTAVY YCARDLRGTNYED
YWGOGTLVTVSS

>SEQ D NOG: 194

cMet mAb MIVL

DIGMTQSPSSVSASVGDRVTITCRASQGISNWLAWFQHK PGKAPKLLIYAASSLLS
GVPSRESGSGSGTDFTLTISSLOPEDFATYYCQOQANSFP-ITFGQGTRLEIK

>SEQ D NOG: 195

cMet mAb M2 VH
EVQLVESGGGLVKPOGSLKESCAASGFTFSDYYMYWVRQTPEKRLEWVATISDD
GSYTYYPDSVKGRFTISRDNAKNNLYLOMSSLKSEDTAMY YCAREGLYYYGSGS
YYNQDYWGQGTLVTVSES

>SEQID NO: 196

cMet mAb M2 VL

QLTOSPSSLSASVGDRVTITCRASQGLSSALAWY ROQKPGKAPKLLIYDASRLESGY
PSRFESGSGRGTDFTLTISSLOPEDFATYYCQQFTISYPOITFGOQGTRLEIK

»SEQ TN NG: 197

Gpl20 heavy chain with F40SL
gvglvgsgaevkipgasvkvscqasgyrniviiwvigapggricwmewinpyugokefsakigdrviftadisantay
melrslrsadtavyycarvgpy swddspadnyymdvwgkgitvivasastkgpsviplapsskatsgataalgevkdyfp
cpvivswnsgaltsgvhtfpavigssglysissvvtvpsssigiglyicnynhkpsntkvdkrvepksedithteppepapell
gepsvilfppkpkdtlmisripevicvevdvshedpevkinwyvdgvevhnakthpreegynstyrvesvitvihgdwin
gkeykcekvsnkalpapiektiskakggprepgvytippsreemtknavsitclvkgfypsdiavewesnggpennyktipp

vidadgsillyskitvdksrwgggnviscsvmhbealhnhytgkslalspgl

=REG D NO: 198

Gp120 heavy chain with K409R
qvglvgsgaevkkpgasvkvsegasgyrisnivibwvrgapggriowmgwinpyngnkefsakfgdoviftadtsantay
melrslrsadtavyycarvepyswddspqdoyymdvwekettvivssastkgpsviplapsskstsgataalzcivikdyip

epvivswosgalisgvhitfpavigssglysissvvitvpsssigtgtyicavahipsrtkvdkevepkscdkthicppepapel]
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gepsvilipplpkddmisttpovtevvvdvshedpovik inwyvdgvevhnakikprecgynstyrvvevlivihgdwla
skeykekvsnkaipapiektiskakggprepgvytlppstcerntkngvsitclvkafypsdiavewesngqpenayvktipp

vidsdgstilysrltvdksrwaqanviscsvimbealbnbytakslsispgk

>3EQ D NO: 199

EMI-mAb HI (anti-BEGPR,405L)
QVOLVESGGGVVQPGRSLRLSCAASGFTFSTYGMEHWVRQAPGKGLEWVAVIWE
DGSYRKYYGDSVRGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDGITMVEGY
MRDYTDYWGQGTLVTVSSASTRGPESVEPLAPSSKSTSGGTAALGCLVEDYFPEPY
TVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTE
VDKRVEPKSCDKTHTCPPCPAPELLGGPSVELFPPRKPKDTLMISRTPEVTCVVVDY
SHEDPEVKINWYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCEKVSMNEKALPAPIEKTISKAKGCOPREPOQVYTLRESREEMTENQVSLTCLVKGEYPS
DIAVEWEANGOQPENNYKTTPPVLDSDGSFLLY KL TVDKSRWQOQGNVESCIVMH
EALHNHYTCGESLSLSPGK

>SEQ TD NG: 200

EM-1 mAb LI
AIQLTORPSSLSASVGDRYTITCRARQDISSALVWYQQKPGKAPKLLIVDASSLESG
VPSRESGSESGTDFTLTISSLOPEDFATY YCQOFNSYPLTFGGGTEKVEIKRTVAAPRS
VEIFPPSDEGLKSGTASVVULLINNFYPREAKVOWKVDNALGSGNSOQESVTEQDSK
DSTYSLSSTLTLSKADYEKHKVYACEVTHQGLISPVTESFNRGEC

>SEQ 1D NO: 201

EM-1 mAb H2 (K409R, anti-cMet)
QVQLVOSGAEVEKPGASVEVICETIGYTFISYGISWVRQAPGHGLEWMGWISAY
NGYTNYAQKLOQGRVTMTTDTSTASTAYMELRSLRSDDTAVY YCARDLRGTINYFD
YWGEOGTLVTVSS
ASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNRGALTSGVHTFPAY
LOSAGLY SLESVVIVPSASLGTOTYICNVNHEPSNTK VDK RVEPKSCDKTHTCPPC
PAPELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVDGVEY
HNAKTKPREEQYNSTYRVYSVLIVLHODWLNGKEYKCKVISNKALPAPIEKTISK
AKGOPREPQVYTLPPSREEMTENQVSLTCLVKGEFYPSDIAVEWESNGOQPENNYKT
TPEVLDSDGSFFLY SRLTVDKERWOOGNVESCSVMHEALHNHY TOQKSLALSPGE
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>3EQ ID NO: 202

OM-1 mAbL2
DIQMTQSPSSVSASVGDRVTITCRASOGISNWL A WFQHK PGKAPKLLIYAASSLLS
GVPSRFSGSGSGTDFTLTISSLOPEDFATY YCQUANSFPITFGQGTRLEIK
RTVAAPSVFIFPPSDEQLESGTASVVOLLNNFY PREAKVOWK VDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHK VY ACEVTHOGLSSPVTESFNRGEC

>SEQ D NO: 203

HI coustant region
ASTKGPAVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVIWNSGALTSGVHTFPAY
LOSSGLYSISSVVTIVPSSSLGTOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPC
PAPELLGGPSVFLEFPPEPKDTLMBRTPEVICVVVRVSHEDPEVKENWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISK
AKGOPREPOVYTLPPSREEMTKNQVSLTCLVKGEFYPSBIAVEWESNGOPENNYKT
TPPVLDSDOSFTLY SRLTVDESRWOQOQGNVFSCOSVMHEAL HNHYTQKSLSLSPGK

>SEQ I NQO: 204

H2 constant region
ASTKGPSVEPLAPSSKSTSGGTAALGCLVEDYFPEPVTVEWNSGALTSGVHTIPAY
LOSSGLYSLESVVTVPSSSLGTOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPC
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLTVLRODWLNGKEYKCKVINKALPAPIEKTISK
AKGOPREPQVYTLPPSREEMTEKNQVSLTCLVEKGFYPIDIAVEWESNGQOPENNYKT
TPPVLDSDGSFLLY SKUTVDESRWOOQONVERCSYMHEEALHNHYTOKSLSLAPGK

>3EQ ID NO: 205
EMI-mab Hl ¢DNA pdri00015499

geagelacaagiactacggogacagesigaagpgcaggitcaccatcageagggacaacageaagaacaceciglaceligea

&
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SREQIDNG: 212
El HCI HCDR3

SREGQID NG: 213
E1LCHLCDRI

>SEQ 1D NG: 214
E1LCHLCDR2

AT O
DASSLES

>SEQ 1D NG: 215
E1LCY LCDRS

QOFNSYPLT

SSEQ 1D NG: 216
E1HC2 HODRI
SYGIS

SSEQ 1D NG: 217
E1 HC2 HCDR2

T R N Y NS T N e
WISAYNGYTNYAQKLOG

SSEQ 1D NG: 218
E1 HC2 HCDRS

DLRETNYEFDY

>SEQ 1D NG: 219
E1LCZ LCDRI

DA QO T SN A
RASOGISNWLA

>SEQ 1D NG: 220
E1LCZ LCDR2
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>3EQ D NO: 22
Bl LC2 LCDR3
QRANSEPIT

>3BEQ D NO: 222
B2 mAD HC HCDRI

SYWMN

>3EQ D NO: 223
B2 mAb HC] HCDR2

NIKKDGSEKYYVDSVKG

>3EQ D NO: 22
B2 mAb HC] HCDR3

ST SN S T T
DLGWGWGEWY F DL

>3EQ D NO: 225
B2 wAD LCL LCDRY

RASOSVITYT. R
.[Xr‘.u NV DO YLA

>3EQ D NO: 22
B2 wmAb LCLLCDR2

>3EQ D NO: 227
E2 mAb LCL LCDRS
QORSNWPPT

>3EQ D NO: 22
B2 mAD HC2 HCDRY

DYYMY

>3EQ D NO: 228
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E2 maAb HO2 HCDR2

T DY T TN T OV R TN VT SN TS
TISDDGESYTYYPDSVKG

9]

=REQ ID NO: 236
E2 mAb HO2 HCDRS

ECGLYYYGSGIYYNQDY

=>REQ ID NO: 231
E2 mAB LCZ LCDRY

RASQGLESALA

=REQ ID NO: 232
E2 wmAb LC2 LCDR2
DASSLES

=REQ ID NO: 233
E2 wmAb LC2 LCDR3

QOFTIYPQIT

=REQID NO: 234
E2 wmAb HC1 (EGFR-F405L)

EVQLVESGGG LVQPGGSLRE SCAASGETES SYWMNWVRQA PGKGLEWVAN
IKEDGSEKYY

VDSVEKGRFTT SRDNAKNSALY LOMNSLEAED TAVYYCARDL GWGWGWYFDL
WORGTLVTIVSSASTRKGPSVEPLAPSSKSTSGGTAALGCLVKDY FPEPVTVSWNARG
ALTSGVHTEFPAVLOSSGLYSLASVVTVPESLGTOTYICHNVNHKPANTKVDKRVER
KRCDKTHTCPPCPAPELLGGPSVELFPPKPKDTIMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVEHOQDWLNGKEYKCK VSN
KALPAPIEKTISKAKGOPREPOVYTLPPAREEMTKMNGVSLTCLVKGEYPSDIAVEW
ESNGOPENMYKTTPPVLDSDGSFLUYSKLTVDESRWCOQUNVESCSVMHEALHNH
YTOKSLSLSPGK

SREQ 1D NG: 235

E2 mAb LC1 (EGFR)

EIVLTOQSPAT LSLSPGERAT LSCRASQSEVS SYLAWYQQRP GOAPRLLIYD
ASNRATGIPA

RESGSGSGTD FTLTISSLEP EDFAVYYCQQ RENWPPTFGQ GTKVEIK
RTVAAPSVFIFPPSDEQLKSGTASVVULLNNFYPREAKVOWEKVDNALGSGNSGES
VIEQDSKDSTYSLSSTLTLSKADYEKHEVYACEVTHQGLSSPVTKSFNRGEC
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>REQ 1D NG: 236

E2 maAb HOZ (o-Met- K409R)

EVOLVESGGGLVRPGGSLELSCAASGFTFSDY YMYWVROQTPEKRLEWVATISDD
GSYTYYPDSVEGRETISRDNARKNNLY LOMSSLESEDTAMYYCAREGLYYYGSGS
YYNQDYWGQGTLVTVSSASTKGPSVIPLAPSSKSTSGGTAALGCLVKDYFPERPVT
VAWNSGALTSGVHTFPAVLOSSGLYSLASVVTVPSSSLGTOTYICNVNHKPSNTKY
DKRVEPKSCDKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTCVVVIIVE
HEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHOGDWLNGKEYK
CKVSNKALPAPIEKTISKAKGOPREPGVY TLPPSREEMTKNQVSLTCLVKGFYPSDI
AVEWEANGOQPENNYKTTPPVLDSDGSFFLY SRUTVDESRWOQOOGNVECSVMHEA
LHNHYTOQKSLSLSPGK

>8EG 1D NO: 237
B2 mAb LC2 (cMet)

OLTOSPSSLSASVODRVTITCRASGGLSSALAWY RQKPGKAPKLLIYDIASSLESGY
PSRFSGSGAGTDFTLTISSLOPEDFATY YCQOFTSY POITFGOGTRLEIK
RTVAAPSVEFFPPSDEGLKSGTASVVCLLNNFYPREAKVOWKYDNALQSGNSGES
VTEQDSKDSTYSLSSTLTLSKADYEKHEVYACEVTHQGLSSPVTKSFNRGEC

>SEQID NO: 238
c-Met discontinuous epiiope of mAb 069

PEFRDSYPIKYVHAF

>SEQ D NO: 238
c-Met discontinuous epiiope of mAb 069

PALSKPDISATPMDRSA
>REQ D n(: 240

S35 mAb epitope

POGAQLARGIGASLNDD
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WHAT IS CLAIMED

1. Anisolated bispecific epidermal growth factor receptor (EGFR)/ hepatocyte growth factor
receptor (c-Met) antibody, comprising:
a) a first heavy chain (HC1);
b) a first light chain (LC1);
¢) asecond heavy chain (HC2); and
d) asecond light chain (LC2); wherein the HC1, the L.C1, the HC2 and the LC2 comprise
amino acid sequences of SEQ ID NOs: 199, 200, 201 and 202, respectively.

2. A pharmaceutical composition comprising the bispecific antibody of claim 1 and a

pharmaceutically acceptable carrier.

3. The bispecific antibody of claim 1 for use in therapy.
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