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ErbB4 ANTAGOMISTS

Backaround of the [nvention
Field of the lnvention
The present invention concerns methods and means for contrelling excessive proliferation and/ar migration of
smooth muscle cells, and in particular for treating stenasis, by using antagonists of a native ErsBA receptor. The
invention further cancarns a method for the identificatian of ErbB4 aganists and antagonists capahle of inbibiting or

enhancing the proliferation or migration of smeoth muscle cells.
Description of the Related Art

1. ErbB receptor tyrosine kinases

Transduction of signals that regulate cell growth and differentiation is regufated in part by phospherylation
of various cellular proteins. Protein tyrosine kinases are enzymes that catalyze this process. Receptor protein tyresing
kinases are believed to direct cellular growth via ligand-stimufated tyrosine phosphorylation of intracellular substrates.

HER4/Erh4 s a receptor protein tyrasine kinase helonging to the ErtB family. Increased EchB4 expression
closely correlates with certain carcinamas of epithelial origin, including hreast adenacarcinomas (Plewman ez af, Prac.
Natl. Acad. Sci. USA 90:1746-1750 [1993]; Plowman ef o/, Nature 366:473-475 [1993]). Diagnostic methods for
detection of human neaplastic conditions {especially breast cancers) which evaluate ErbB4 exprassion are described in
EP Pat Appln No. 599,274,

Other members of the ErbB family of receptor tyrosine kinases include: epidermal growth factor receptor
{EGFR), ErbB2 (HER2/new), and ErbB3 (HER3). The erbB1 gene encodes the 170 kDa epidermal growth factor receptor
{EGFR) that has been causally implicated in human malignancy. In particular, increased expression of this gene has
hieen observed in more aggressive carcinamas of the breast, bladder, lung and stomach (Madjtahedi, H. and Deau, C.
(1984) Int. J. Oncol. 4:277-296). HER4 acts, in the ahsence of HERZ, as a mediatar of antipraliferative and
differentiative response in human breast cancer cell lines. (Sartor et al., Mal. Cell Biol. 21:4265-75 {2001)).

The new gene {alse called /B2 and HER2) encodes a 185 kDa receptar protein tyrosine kinase that was

originally identified as the preduct of the ing gene from of y treated rats.
Amplification and/or overexpression of the human HER2 gene correlates with a poor pragnosis in breast and ovarian
cancers (Slamen, D.J. of 2/, Science 235:177-182 ({1987); Slamon ef af., Science 244:707-712 (1989); and US Pat
No. 4,968,603). Overexpression of #ER2 (frequently but not unifarmly due to gene amplification) has also been
abserved in other carcinamas including careinomas of the stomach, endomettium, salivary gland, lung, kidney, colon,

thyraid, pancreas and bladder.
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A further related gene, called a76B3 or HFAR3, has been described. See US Pat. Mo. 5,183,884; Kraus et 2/,
Proc. Matl. Acad. Sci. USA 86:3193-9197 {1989); EP Pat Appin No 444,981A1; and Kraus ef al., Proc. Natl. Acad.
Sci. USA 90:2900-2904 {1883). Kraus ef a/ {1989) discovered that markedly elevated levels of ar4B3 mRNA were
present in certain human mammary tumor cell lines indicating that B3, like erfB1 and &74B2, may play a role in
human malignancies. They alse showed that EGF-dependent activation of the ErbB3 catalytic demain of a chimeric

EGFRJErbB3 receptar resulted in a proliferative response in transfected NIH-3T3 cells. Furthermore, these researchers

demonstrated that seme human mammary fumor cell lines display a signifi elevation of steady-state ErbB3
tyrosine phosphorylation further indicating that this receptar may play a role in human malignancies. The role of er5B3
in cancer has been explored by others. It has been found to be overexpressed in breast (Lemoine et a/, Br. J. Cancer
68:1116-1121 (1992), gastrointestinal (Poller et af, J. Pathol. 168:275-280 (1992), Rajkumer sf al, J. Pathol,
170:271-278 {1993), and Sanidas ef a/, Int. J. Cancer 54:935-940 (1993)), and pancreatic cancers {Lemaine ef al, J.
Pathal. 168:269-273 {1992), and Friess ef 4/, Clinical Cancer Research 1:1413-1420 {1995)). ErbB3 is unique among
the ErbB receptor family in that it possesses ittle or no intrinsic tyrasine kinase activity (Guy et aZ, Proc. Natl. Acad.
Sci. USA 81:8132-8136 (1994) and Kim ef 2 J. Biol. Chem. 269:24747-55 (1984)).

The ErbB receptors are generally found in various combinations in cells and heteradimerization is thought to
increase the diversity of cellular responses to a variety of EtbB ligands (Earp ef al. Breast Cancer Research and
Treatment 35: 115-132 {1995)). EGFR is bound by six different ligands; epidermal grawth facter (EGF), transforming
growth factor alpha (TGF- ), amphitegulin, heparin hinding epidermal grawth factar (HB-EGF), B-cellulin and epiregulin
{Grosnen &f al. Growth Factors 11:235-257 (1994)). A family of heregulin proteins resulting from alternative splicing
of a single gene are ligands for ErbB3 and ErhB4. The heregulin family includes o, B and y heregulins (Holmes ef 2.,
Science, 256:1205-1210 (1992); U.S. Patent No. 5,641,869; and Schaefer et a/ Oncogene 15:1385.1394 (1897));
neu differentiation factors (NDFs), glial growth factars (GGFs); acetylcholine receptor inducing activity kAHIA); and
sensory and mator neuron derived factor (SMOF). For a review, see Groenen ef al. Grawih Factors 11:235-257
{1994); Lemke, G. Molec. & Cell, Neurasci. 7:247-262 (1996) and Lee et a/. Pharm. Rev. 47:51-85 (1995}, Recently
three additional ErbB ligands were identified; neuregulin-2 {NRG-2) which is reported to bind either EsbB3 or ErhB4
{Chang et 2. Nature 387 509-512 (1987); and Carraway et af Nature 387:512-516 {1997}); neuregulin-3 which binds
ErbB4 (Zhang st al. PNVAS {USA} 94(18):9562-7 {1997)); and neuregulin-4 which binds ErbB4 {Harari &f al. Oncogene
18:2681-88 (1989)). HB-EGF, (3-cellulin and epirequlin also bind to ErbB4.

While EGF and TGF do not bind ErbB2, EGF stimufates EGFR and ErbBZ 1o form a heterndimer, which
activates EGFR and results in transphosphorylation of ErbB2 in the heterodimer. Dimerization andfor
transphosphorylation appear ta activate the ErbB2 tyrasine kinase. See Earp ef a/, supra. Likewise, when ErhB3 is co-
expressed with ErhB2, an active signaling camplex is formed and antibodies directed against ErhB2 are capable of
disrupting this complex (Stiwkowski et af., J. Biol. Chem., 269{20):14661-14665 (1994). Additionally, the affinity of
ErbB3 for heregulin (HRG} is increased ta a higher affinity state when co-expressed with ErbB2. See alsa, Levier al,
Journal of Nearoscience 15: 1329-1340 (1995); Marrissey ef al., Proc. Natl, Acad. Sci. USA 92: 1431-1435 {1895}

2
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and Lewis ef af, Cancer Res., 56:1457-1465 {1996) with respect to the ErbB2-ErbB3 protein complex. ErbB4, like
ErhB3, forms an active signaling complex with ErbB2 (Carraway and Cantley, Ce/f 78:5-8 (1994)).

Because of the physiological importance, mentbers of the ErbB family of receptar tyrsine kinases have often
been targeted for therapeutic develepment. Far example, Hudziak et af, Mol Cell. Bio/ 9(3):1165-1172 {1989
deseribe the generation of 8 panel of anti-ErbB2 antibodies one of which, called 4D5, inhibited cellular proliferation by
56%. A recombinant humanized version of the murine anti-ErbB2 antibody 4D5 (huMABADS-8, huMAb HER2 or
HERCEPTIN®; U.S. Patent No. 5,821,337) is clinically active in patients with ErbB2-overexpressing metastatic breast
cancars that have received extensive prior anti-cancer therapy (Baselga er af, J. Clis. Oncol. 14:737-744 (1996)).
HERCEPTIN® received marketing approval from the Food and Drug Administration September 25, 1998 for the
treatment of patients with metastatic breast cancer whose tumors overexpress the ErbB2/HER2 protein. Since HER2
is also overexpressed in other cancers, in addition to breast cancer, HERCEPTIN® holds a great potential in the

treatment of such other cancers as well,

2. Smooth muscle cell praliferation
Smoaoth muscle cells are very important

and i of many hollow passages in

the bedy, including blood vessels, gastraintestinal tract, airway passage (trachea and bronchi in lungs), urinary tract
system (bladder and ureters) etc. They are responsible for elasticity that is so cruciafly required for normat funictioning
of thess organs. They respond to @ variety of physiclogical stimuli by constriction or dilation as needed, for example,
for regulating the flow of fluids carvied by them. They respond not anly to chemical stimufi, such as grawth factars and
cytokines, but also to physical stimuli, such as pressure and streteh. Excessive proliferation of smoath muscle cells
results in thickening af the wall and narrowing the lumen of the organs known as “stenasis" in a variety of disorders.
A number of growth factors and cytokines are implicated in the proliferation of smaoth muscle cells. One
category of such important molecules are EGF related ligands. For example, smaoth musele cells from a variety of such
organs have heen demanstrated to possess EGF receptors, and some of them even synthesize and secrete EGF ligands
such as HB-EGF, thus setting up autocrine loop. Various EGF ligands act as potent mitogens and stimulate profiferation
of smooth muscle cells often resulting in thickening of the wall and ultimately stenosis. For example, excessive
proliferation of vascular smooth muscle cells (VSM) is involved in pathology of vascular stenosis, restenasis resulting
fram angioplasy or surgery ot stent implants, ath lerasi pls h lerosis and hypertension (reviewed in
Casterella and Teirstein, Cardiol. Rev, 7: 218-231 [1999); Andres, /at. J. Mol, Med. 2: 81-89 [1998]: and Rosanio &t
al., Thromb. Hasmost. 82 [suppl 1); 164-170 [1999)). The thickening of blood vessels increases vesistance to blood

flow and ultimately leads to hypertension, Moreover, decreased hlood supply to the tissue may alse cause necrosis and
induce inflammatory response teading to severe damage. For example, myacardial infarction accurs as a result of lack
of oxygenand local death of heart muscle tissues,

Infantile hypertrophic pyloric stenosis {HPS), which causes functional abstruction of the pylaric canal also

wvolves hypertrophy and hyperplasia of the pyloric smooth musele cells {Oue and Puri, Pediatr. Res. 45: 853-857
3
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[1998]). Furthermore, EGF, EGF receptor and HB-EGF are implicated in pathogenesis of pyloric stenosis (Shima &t af.,
Pediatr. Res. 47: 201-207 [2000]).

Similasly, the urinary bladder wall thickening that accurs in response to ohstructive syndrames affecting the
lower urinary tract involves praliferation of urinary hladder smaoth muscle cefls. A memthrane-bound precursor form of
HB-EGF is expressed in urinary bladder smooth muscle cells and HB-EGF is a potent mitogen for bladder SMC
proliteration (Freeman &t al,, J. Clin. Invest. 99: 1028-1036 [1997); Kaefer ef af, J. Ural. 163: 580-584 [2000); Barer
gt af, Lab Jnvest. 79: 1335-1345 [1999)).

The obstructive airway diseases are yet another group of diseases with underlying pathology involving
smooth muscle cell proliferation. One example of this groug is astima which manifests in aiway inflammation and

EGF is impli in the ieal proliferation of airway SMEs in abstructive airway diseases
(Cerutis et al,, Am. J. Physiol. 273: L10-1511997]; Cohen et al, Am. J. Respir. Call, Mol. Bial. 16: 85-90 [1997]).

The instant invention disclases the use of ErbB4 receptor ists for migration

andjor proliferation ar smooth muscle eslls and, in particular, for the treatment of stenasis.

Su f the Inventio

In one aspect, the invention concerns a method for contralling excessive praliferation or migration of smosth
rmuscle cells by treating the smooth muscle cells with an effective amount of an antagonist of a native ErbB4 receptor.
The contrel is prevention or inkibition, inctuding total inhibition, of excessive praliferation ar migration of smaoth
muscle calls. In one embadiment the smoath muscle cells are wrinary bladder smooth musele eells, and in another
emhodiment they are the smaath muscle cells of an airway passage.

The excessive proliferation or migration of smoath muscle cells such as vaseular smooth muscle cells may
result in stenasis including vascular stenosis and restenosis. In one embodiment the smooth muscle cefls are human.

PR

eells.

The stenosis may be further ck ized by i liferation or migration of

in one embodiment the ErbB4 receptor ist is an i in. In another i the ErbB4

veceptor antagenist is an antibody, such as a neutralizing antibody against a native ErbB4 receptor.

In another aspect, the invention concerns a method for treating stenosis in a mammalian patient, including a
human, comprising administering ta the patient an effective amount of an antagonist of a native mammalian ErbB4
receptor. The treatment includes prevention of stenosis. The stenosis may he vaseular stenosis including restenesis.
The antagonist may be administered as an injection or infusion. The treatment may also be used to reduce
hypertension associated with the stenosis. The stenosis may be vascular stenosis including restenosis, pyloric
stenasis, thickening of the urinary bladder wall or part of an obstructive airway disease.

In one embodi the st is an i which may comprise the extracellular region of a

native human ErbB4 receptor. In another embodiment the antagonist is an antibody, sueh as a neutralizing antibody

against a native human ErbB4 receptor.
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In a further aspect, the invention concerns a methad for treating stenasis in a mammalian patient, such as a
human, comprising intreducing inta a cell of the patient a nucleic acid encoding an antagenist of an ExbB4 veceptor.
The nucleic acid may be introdueed /# vive or ex vive, and with the aid of a vector such as retroviral vector or a lipid-
based delivery system. The method of the present invention is particularly useful for the treatment {including
prevention) of vascutar stenosis and restenosis.

The ist may be an i in. The ist may also he an antibody, such as a neutralizing

antihody against a native human ErbB4 receptor.
In another aspect, the fnvention concern a method for treating hypertension associated with vascular

stenosis in a ian patient, isil inistering to the patient an effective amount of an antagonist of a

native ErbB4 receptor. The antagonist may be a small melecule.

In a still further aspect, the invention concerns a pharmaceutical compasition far the treatment of stenasis in
a mammalian patient comprising an effective amount of an antagenist of & native mammalian ErbB4 receptor, in
admixture with a pharmaceutically acceptable carrier.

a native human

In all aspacts, preferred ErbB4 ists include 7
ErhB4 receptor extracellular domain sequence fused to an immunoglohulin constant region sequence. The
immunaeglobulin sequence preferably is that of a heavy chain constant region of an IgG1, Ig62 or lg6G3 immunaglobulin

and may additionally comprise an i in light chain sequence cavalently attached ta the fusion molecule

cemprising the immunoglobulin heavy chain constant region.

Another preferred class of ErhB4 i i zi ib specifically binding a native

ErhB4 receptor. The antibodies preferably are human or b ized. In ane embodi the antibodies hind all
the same epitope as an antibody produced hy a hyhridama selected from the group consisting ef HERA.TOH1.1A1
[ATCT Accession Number PTA-2828), HER4.1C6.A11 {ATCC Accession Number PTA-2828), HER4.3B9.2C9 {ATCC
Accession Number PTA-2826), HER4.1AB.5B3 (ATCC Accession Number PTA-2827) and HER4.8B1.2HZ (ATCC
Accession Number PTA-2825). The antihodies may alsa have complementarity determining region (CDR) residues fram
an antihody produced hy a hybridoma selected from the group consisting of HER4.10H1.1AT (ATCG Accession Number
PTA-2828), HER4.1C6.A11 (ATCC Accession Number PTA-2828), HER4.3B3.2C9 (ATCC Accessian Number PTA-
2826), HER4.1A6.5B3 (ATCC Accession Number PTA-2827) and HER4.8B1.2H2 {ATCC Accsssion Number PTA-
2875). ’

The smooth muscle cells may, for example, be pyloric ar urinaty bladder smeath muscle cells, or smaoth
niuscle cells of an airway passage. Preferably, the smooth muscle cells are vascular smoath muscle eells.

In a still further aspect, the invention concerns a method for identifying a malecule that inhibits or enhances
the proliferation er migration of smeath muscle cells, comprising the steps of: {a) contacting a polypeptide comprising
an amino acid sequence having at least 85 % sequence identity with the amino acid sequence of the extracellular
domain of a native ErbB4 receptar and retaining the ability to cantrol excessive profiferation or migratian of smooth

muscle cells, with a candidate malecule; and (b] determining whether the candidate molecule inhihits or enhances the
5
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ability of the polypeptide to control excessive proliferation or migration of smaoth muscle cells. The polypeptide may
comprise the extracellular domain of a native ErbB4 receptor. The polypeptide is an immunoadhiesin in ane

In a particular i the malecule enhances the ability of the polypeptide to control excessive

proliferation or migration of smooth muscle cells, and is an antibady ar a small molecule.

In a yet further aspect the invention concerns an antibody that binds essentially the same epitope of ExbBA
as an antibody produced hy a hybridoma selected from the group cansisting of HERA.10H1.1A1 (ATCC Accession
Number PTA-2828), HER4.1G6.&11 (ATEC Accession Number PTA-2828), HER4.3B9.2C9 (ATCC Accession Number
PTA-2826), HER4.1A6.5B3 (ATCC Accessicn Number PTA-2827) and HER4.8B1.2H2 {ATCC Accession Number PTA-

are believed to be

2825). In addition to the methads set forth above and throughout the discl these
useful in the freatment of various cancers, including breast cancer.

In a still further aspect the invention concarns an antibody that has complementarity determining region
{CDR) residues from an antibody produced by a hyhridoma selected from the group consisting of HERA.1OHT.1A1
(ATCC Accession Number PTA-2828), HER4.1C6.A11 {ATCC Accession Number PTA-2829), HER4.3B9.2C9 (ATCC
Accession Number PTA-2826), HERA.1A6.5B3 {ATCC Accession Number PTA-2827) and HER4.8B1.2H2 (ATCC
Accession Number PTA-2825).

In a further aspect the invention concerns an antibody selected from the group cunsisfing of an antibody
wraduced by a hybridoma selected from the group consisting of HER4.10H1.1A1 {ATCC Accession Number PTA-2828),
HER4.1C6.411 (ATCC Accession Number PTA-2829), HER4.3B9.2C9 (ATCC Accession Mumber PTA-2826),
HER4.1A8.5B3 {ATCC Accession Number PTA-2827) and HER4.8B1.2H2 (ATCG Accassion Number PTA-2825).

The inventian alsp concerns an antibody that hinds essentially the same epitope of ErbB4 bound by an
antibody selected fram the group consisting of anti-ExbB4 monaclonal antibedies 4-1440, 4-1460, 4-1473, 4-1492 and
41484,

Further, the invention cancerns an antibady that has complementarity determining region {CDR) residues from
an antihady selected from the group consisting of anti-EcbB4 lonal antibodies 4-1440, 4-1460, 4-1473, 4-1492
and 4-1464.

The invention also concems an antibody that hinds ErbB4 with high affinity. This antibody preferably hinds

to ErbB4 with a Kd of less than 100 ni, more preferably with a Kd of less than 50 nM, even more preferably with 2
Kd of fess than 25 nM and most preferably with a Kd less than 10 M. In ane embodiment this antibody is a human
antibﬁdy and in anather embodiment it is @ humanized antibedy. In yet another embodiment the antibody is an
antibady fragment.

The invention further concerns an antibody which is capable of hinding to both ErbB4 and ErbB3. In ane
emhbodiment the antibody is capable of hinding ErbB4 with high affinity and in another embodiment the antibady binds
hath ErbB4 and ErbB3 with high affinity.

In another aspect the invention concerns an antibody which hinds to ErbB4 and reduces heregulin binding

thersto. This antibody may bind ErbB4 with high affinity.
6
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Finally, the invention concerns an anibody which hinds to ErbB4 and reduces heregulin-induced tyrosine

phospharylation thereof. This antibady may alse hind ErhB4 with high affinity.
Brief Description of the Drawings

Figure 1 shows the nucleatide sequence of human ErbB4 (SEQ 1D NO: 1).

Figure 2 shows the deduced amina acid sequence of human ErbB4 (SEQ 1D NO: 2).

Figure 3 shaws the nucleotide sequence of an ErbB4-lgG immunoadhesin (SEQ ID NQ: 3).

Figure 4 shows the amine acid sequence of the ErbB4 extracellular domain {ECD), which comprises amino
acids 26 through 840 (SEQ 1D NO: 4) of the ErbB4 amine acid sequence presented in Figure 2 {SEQ ID NO: 2).

Figure 5 shows the effect of ErbBA4-lg6 immunoadhesin an PDGF-stimulated praliferation of human aortic
smoath muscle cells. )

Figure 6 shows the effect of ErbBA4-IgG immunoadhesin on the chemetactic respanse of human aartic smooth
muscla cells ta thrombin.

Figure 7 shows the inhibition of heregulin binding to HER4 immunoadhesin by anti-HER4 manacional

antihodies.

Detailed Deseription of the Preferred Fmbodiment

A Definitions

Unless defined otherwise, technical and seientifie terms used herein have the same meaning as commanly
undsrstood by one of ordinary skill in the art to which this invention belongs. See, e.g. Singletan ef al., Dictionary of
Microbiology and Molecular Biolagy 2nd ed., J. Wiley & Sons (New York, NY 1994); Sambrook ef af., Melecular
Cloning, A Laboratory Manusl, Cold Springs Harber Press {Cold Springs Harhor, NY 1988).  For purposes of the
present invention, the following terms are defined helow.

Unless indicated otherwise, the term "ExbB" when used herein refers to any ane or mare of the mammalian
EtbB receptors {ie. ErbB1 er epidermal growth factor (EGF) receptor; ErbB2 or HER2 receptor; ErbB3 or HER3
receptar; ErbB4 or HER4 receptor; and any other member(s} of this class | tyrosine kinase family to be identified in the
future) and "er#B" refers to the mammalian er4B genes encading these receptors.

The terms “ErbB4" and “HER4" are used interchangeably and refer ta a native sequence EthB4 receptar
polypeptide as disclosed, for example, in European Patent Application No. (EP) 598,274; Plowman st al., Proc. Natl
Acad, Sci. USA, 90:1746-1750 (1993); and Plowman et af, Naturs, 366:473-475 {1993). and functional derivatives,
including amino acid sequence varfants thereof.

A “pative” ar “native sequence” ErbB4 or HER4 receptor has the amino acid sequence of a naturally occurring

ErbB4 receptor in any mammalian {including humans) species, irrespective of its made of p (LA a

native or native sequence ErbB4 receptor may be isalated from nature, produced by techniques of recomhbinant DNA
technology, chemically synthesized, or produced by any combinations of these or similar methods. Native ErbB4

receptars specifically include polypeptides having the amino acid sequence of naturally occurring allefic variants,
7
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isofarms or spliced variants of ErbB4, known in the art or hersinafter discavered. Native sequence ErhB4 receptors
are disclosed, for example, in EP 599,274, sapra, and in the two Plowman ef 8/ papers, supra. Elenius ef af, J. Bigl.
Chem. 272:26761-26768 (1997) report the identification of twe alternatively spliced isoforms of ErhB4 bath in mouse
and human tissues, that differ by the insertian of either 23 (HER4 JM-a) or 13 (HER4 JM-h) alternative amine acids in
thé extracellular juxtamembrane {JM) region. Elenius et af, Oncogene 18:2607-2615 (1999) report the identification
and characterization of another naturally eceurring isofarm of ErbB4 (designated as ErbB4 CYT-2), with a deletion of
the cytoplasmic domain sequence required for the activation of the PI3-K intracellufar signal transduction pathway.
HER4 isafarms are alse disclosed in WO 99)19488. A nucleotide sequence encading ErbB4 is presented in Figure 1
(SEQ ID NO: 1) and the corresponding deduced amino acid sequence is depicted in Figure 2 (SEQ ID NO: 2).

The term “ErbB4 extracellular domain” or “ErbB4 ECD” refers to a soluble fragment of ErbB4 comprising the
amino acids [ocated between the signal sequence and the first predicted fransmembrane region. In one embediment,
the “ErbB4 ECD” is a polypeptide comprising amine acids 26-640 (SEQ ID NO: 4) of the human ErbB4 sequence
presented in Figure 2 (SEQ 1D NO: 2).

The term "mammal® is used herein to refer to any animal classified as a mammal, including, without
limitation, humans, domestic and farm animals, and zao, sports, or pet animals, such as sheep, dogs, horses, cats,
cows, gfc. Preferably, the mammal herein is human.

“Functional derivatives” include amino acid sequence variants, and covalent derivatives of the mative
palypeptides as long as they retain a qualitative hiological activity of the carresponding native polypeptide. Aminn acid
sequence variants generally differ from a native sequence in the substitution, deletian andjor insertion of one or mare
amino acids anywhere within a native amina acid sequence. Deletional variants include fragments of the native
polypeptides, and variants having N- andfor C-terminal truncations. Ordinarily, amine acid sequence vatiants wil
possess at least about 70% hornalagy, preferably at feast about 80%, more preferably at least about 80% homology
with a native palypeptide.

“Hemology” is defined as the percentage of residues in the amino acid sequence variant that are identical

after aligning the and intraducing gaps, if , to achieve the maxi percent homalogy, Methods

and computer programs for the alignment are well known in the art. One such computer program is "Align 2",
authored by Genentech, Inc., which was filed with user documentation in the United States Copyright Office,
Washi DC 20558, on ber 10, 1991.

An EchB "antagonist” is @ molecule, which prevents or interferes with an ErbB effector function, e4. a

molecule, which prevents or interferes with binding and/or activation af a native sequence ErbB receptar by a ligand,
andfor downstream pathways used by the native sequence ErbB receptar. Such molecules can- be screened, for
example, based upon their ability ta comptitively inhibit ErbB receptor activation Ey ligand in the tyrasine
phosphorylation assay. Similatly, an antagonist of a native sequence ErbB4 (HER4) receptor is a malecule which
prevents ar interferes with an ErbB4 effector function, £.g. a molecule which prevents or interferes with binding andfor

activation of a native sequence ErbB4 receptor by a ligand, and/or downstream pathways used by the EcbB4 receptor.
8
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Such molecules can be screened, for example, based upon their sbility to competitively inhihit ErhB4 receptor
activation by ligand in the tyrosine phosphorylation assay. Examples of ErhB4 antagonists include, without limitation,
soluble ErbB4 receptors {such as extraceliwiar domains (ECD) of native sequence and variant EhB4 receptors),

neutralizing antibodies against native sequence ErbB4 receptors, neutralizing antibodies to ligands of native sequence

EthB4 receptars {e.g. anti-HB-EGF antibadies), ErbB4-g i ins (i ing chimeric ins) and small
molecules,

By "ErbB4 ligand” is meant a polypeptide which hinds to andlor activates an ErbB4 receptar. EtbB4 ligands
include betacellulin, epiregulin, HB-EGF, NRG-2, NRG-3 and heregulins.

In the methads of the present invention, the term “control” and grammatical variants thereof, are used to
refer ta the prevention, partial or complete inhibition, reduction, delay ar slowing down of an unwanted event, e.g.
physiological condition, such as the excessive praliferation andjor migration of smoath muscle cells andfar other cell
types, 2.g. endathelial cells.

The term “excessive praliferation andjor migration” means proliferation andjor migration beyond normal levels

that results or is likely to result, if d, in the devel of an d physiclogicat candition or disease,

such as, for example, stenesis, including vascular stenasis, restenasis, and pyloric stenasis; urinary bladder wall
thickening, and obstructive airway disease.

"Treatment” refers to both peutic freatment and prap ic or pt ive measures. Thase in need

of treatment include those already with the disorder as well as thase prone te have the disorder or those in which the
disarder is to be prevented. For purpases of this invention, heneficial or desired clinical results include, but are not

limited to, alleviation of diminiskh of extent of disease, stabilized (i.e., not wersening) state of disease,

delay or slowing of disease pragression, amelioration or palliation of the disease state, and remission [whether partial
or tatal), whether detectable or undetectahle. “Treatment” can alsa mean prolonging survival as compared to expected
survival if not receiving treatment. Those in need of treatment include these already with the condition or disarder as
well as those prone to have the condition or diserder or those in which the condition or diserder is to be prevented.

The term "isolated™ molecule is defined broadly as a molecule that is identified and separated from at least
one contaminant molecule with which it is ordinarily associated in the watural source of the molecule, Preferably, the
isolated molecule is free of association with all components with which it is naturally associated.

The term immunaadhesin” as used herein refers to antibody-like molecules that combine the binding domain
of a pratein such as an extracellular domain {the adhesin portien) of a cell-surface receptar with the effectr functions
of an immunoglobulin constant domain. The term “immunoadnesin” specifically includes native or variant ErhB4
receptar sequences. The nueleic acid sequence of an ErbiB4-lg6 immunoadhesin is presented in Figure 3 (SEQ 1D NO: 3).
Immuncadhesins can possess many of the valuable chemical and bialogical praperties of human antibodies. Since
immunaadhesins can be constructed from a human pratein sequence with a desired spscifieity linked to an appropriate
furman immunaglobulin hinge and censtant demain (Fc) seguence, the binding specificity of interest can be achieved

using entirely human compenents. Such immunoadhesins are minimally immunogenic te the patient, and are safe for
9
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chranic or repeated use. The term "isolated i in" refers to an i in that has been purified from a

source or has been prepared by recombinant or synthetic methads and is sufficiently free of other peptides or proteins.

Immunoadhesins reparted in the literature include fusions of the T cell receptor (Gaseoigne et af, Proc. Natl.
Acad. Sci. USA 84:2936-2940 {1987)); CD4 {Capon et al, Nature 337:526-631 (1989); Traunecker ef al., Nature
339:68-70 (1989); Zettmeissl e &/, DNA Cell Biol. USA 9:347-353 {1990k and Bym ef af. Nature 344:667-670
{1990)); L-sefectin or homing recepter {Watson &f 2/, J. Cell. Biol. 110:2221-2229 (1990); and Watson ef af, Nature
348:164-167 (1991)); CD44 (Aruffo ef af, Cell 61:1303-1313 (1990)); CD28 and B7 {Linsley et af, J. Exp. Med.
173:721-730 (1991)); CTLA-4 (Lisley ef af, J. Exp. Med. 174:561-569 (1991)); CD22 {Stamenkavie &f &/, Cell
B6:1133-1144 {1991)}; TNF receptor {Ashkenazi ef a/, Proc. Natl. Acad. Sci. USA 88:10535-10539 (1991); Lesslauer
st al, Eur. J. Immunal, 27:2883-2886 {1991); and Peppel st af,, J. Exp. Med. 174:1483-1489 (1381}]; NP receptors
{Bennett o al, J. Biol. Chem. 266:23060-23067 {1991)}; inteferon  receptor {Kursciner ef a/, J. Bial. Chem.
287:9354-9360 {1992)); 4-1BB (Chalugny er a/, PNAS USA 89:10360-10364 (1992) and IgE receptor (Ridgway
and Gorman, J. Cell. Biol. 115, Abstract No. 1448 (1881)).

Examples of homomuttimeric immunoadhesins which have been described for therapeutic use include the
£D4-1g6 immunoadhesin far blacking the hinding of HIV ta cell-surface CD4. Data abtained from Phase ! clinical trials,
in which CD4-1gG was administered to pregnant wamen just before delivery, suggests that this immunoadhesin may be

useful in the prevention of matemal-fetal transter of HIV (Ashkenazi et af, Intern. Rev. Immunol. 10:218-227 {1993).

An immunoadhesin which binds tumor necrosis factor {TNF) has also been TNFis a p{ i Y
cytokine which has been shown to be a major mediator of septic shock. Based on a mouse modef of septic sheck, a
TNF receptor immuneadhesin has shown promise as a candidate for clinical use in tveating septic shock {Ashkenazi, A.
et al. (1991) PNAS USA 88:10535-10539). ENBREL® (etanercept], an immunaadhesin comprising a TNF receptor
sequence fused to an IgG Fc region, was approved by the U.S. Food and Drug Administration (FDA), on November 2,
1998, for the treatment of theumateid arthritis. The new expanded use of ENBREL® in the treatment of rheumataid
arthritis has recently been approved by FDA an June 6, 2000. For recent information on TNF blockers, including
ENBREL®, see Lovell et af, X. Fagl. J. Med. 342; 763-169 (2000}, and accompanying editarial on p810-811; and
Weinblatt of af., V. £ngl. J. Med, 340: 253-259 (1999); reviewed in Maini and Taylor, Anau, Rev. Med. 51: 207-228

{2000). Immunoadhesins alsu have non-therapeutic uses. For example, the L-selectin receptor immunoadhesin was
usad as a reagent for histochemical staining of peripheral lymph node high endothelial venufes {HEV). This reagent was
also used to isalate and characterize the L-selectin ligand (Ashkenazi st 4/, supra).

If the twe arms of the immunoadhesin structure have different specificities, the immunocadhesin is called a
"bispecific immuneadhesin” by analogy to bispecific antibodies. Dietsch et al., J. /mmunol. Methods 162:123 (1993}
describe such a hispecific immuneadhesin combining the extracellular domains of the adhesion molecules, E-selectin
and P-selectin, each of which selectins is expressed in a different cell type in nature. Binding studies indicated that the
bispecific immunoglobulin fusion protein so furmed had an enhanced ability te bind to a myeloid cell line campared to

the monaspecific immuncadbesins from which it was derived.
10
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The term "t dhesin” is used i bly with the expressian “chimerie itimer adhesin” and
refers to a complex of chimeric molecules (amino acid sequences) in which each chimeric molecule combines a
hiologically active portion, such as the extracellular domain of each of the heteromultimeric receptar manomers, with a
multimerization domain. The “multimerization domain” promotes stable interaction of the chimeric molecules within

the imer complex. The

domains may interact via an immunoglabulin sequence, leucine
zipper, a hydrophubic region, a hydrophilic region, or a free thiol which forms an intermolecular disulfide bond between
the chimeric malecules of the chimeric heteromultimer. The multimerization domain may comprise an immunoglobulin
constant regian, In addition a multimerization region may be engineered such that steric interactions not only promote
stable interaction, but further pramote the formation of heterodimers over homodimers fram a mixture of manomers.
“Protuberances” are canstructed by replacing small amina acid side chains from the interfacs of the first polypeptide
with larger side chains {e.g. tyrosine or tryptophan). Compensatory “cavities” of identical ar similar size ta the
protuberances are aptionally created on the interface of the second polypeptide hy replacing large amine acid side
chains with smaller ones (e.g. alanine or threanine). The immunoglobulin sequence preferably, hut not necessarily, is an
immunaglobulin constant domain. The immunaglohulin meiety in the chimeras of the present invention may be obtained
from Ig6,, 1gG,, 1gG, or IgG, subtypes, IgA, IgE, IpD o [gM, but preferably 1gG, or 1gG,.

The term “epitope tagged” when used herein refers to a chimeric polypeptide comprising the entire chimeric
heteroadhesin, or a fragment thereof, fused to a "tag polypeptide”. The tag polypeptide has enough residues to provide
an epitope against which an antihody can be made, yet is short enough such that it does not interfere with activity of
the chimeric heteroadhesin. The tag polypeptide preferably is fairly unigue so that the antibody thereagainst does not
substantially cross-react with other epitopes. Suitable tag pelypeptides generally have at least B amina acid residues
and usually between about 8-50 amino acid residues {preferably between about 8-30 residues). An embodiment of the

invention a chimeric in linked to an epitope tag, which tag is used to detect the adhesin in a

sample ar recover the adhesin from a sample.

y purifi ially in", i i purifi

, and " ighly purifi i chimeric heteromultimer adhesin”,
are used interchangeably and mean the adhesin that has been purified from a source or has been prepared by

recombinant or synthetic methods and is sufficiently free of other peptides or proteins to homageneity hy

h hi hi or other purificati hni such as SDS-PAGE under nan-reducing or reducing

conditions using Coomassie blue or, preferably, silver stain. Homogeneity here means less than about 5%
contamination with other source proteins. The ErbB2/4-lgG chimeric heteroadhesins of the invention bind with
sufficiently greater affinity relative to the homadimers that the use of a mixture of hemadimers and heterodimers is
also considered a useful embodiment of the invention. The terms “chimeric heteromultimer adhesin”, “chimeric

heteroadhesin” and “CHA" are used interchangeably herein.
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The term “antibady” is used in the broadest sense and specifically covers antihodies that recagnize native
ErbB4 receptors. An antibody that shows “high affinity” binding has a Kd of less than about 100 nM, preferably less
than about 50, more preferably less than about 25, most preferably less than about 10.

The term “monoclonal antihody” as used herein refers to an antibody obtained from a population of

' ially ibodies, /2., the individual antibodies comprising the population are identical except far

possible naturally-oceurring mutations that may be present in minor ameunts. Menoclonal antibodies are highly
specifie, heing directed against a single antigenic site. Furthermore, in cantrast ta canventional (polyclanal) antibody
preparations which typically include different antibodies directed against different determinants (epitopes), each
monaclonal antibady is directed against a single determinant en the antigen.

The monoclonal antibodies herein include hybrid and recombinant antibodies produced by splicing a variable
{including hypervariable} damain of an anti-chimeric hetersadhesin antibody with a constant domain {e.g. “humanized”
antibodies), or a light chain with a heavy chain, or a chain from one species with a chain from another species, or
fusions with heterclogous proteins, regardless of species of arigin or immunoglobulin class or subclass designation, as
well as antihody fragments (e.g., Fab, Flab),, and Fy}, sa lang as they exhibit the desired biological activity. (See, 2.4,
US Pat No 4,816,567 and Mage & Lamoyi, in Monaclenal Antibody f /i jques and Applications, pp.79-97
{Marcel Dekker, Inc.), New York (1987)).

Thus, the modifier "monaclonal” indicates the character of the antibody as being obtained from a

substantially lation of antihedies, and is nat to he construed as requiring production of the antibody

te be used in jance with the present invention

by any particular method, For example, the
may be made by the hybridoma methad first described by Kohler & Milstein, Nature 256:435 (1975), or may be made
hy recombinant DNA methods (U.S. Patent No. 4,816,567). The "monoclenal antibodies™ may alsa be isolated from
phage libraries generated using the techniques described in McCafferty of af, Mature 348:862.554 (1890}, for
example.

"Humanized* forms of nonhuman (e.g. muring) antihodies are specific chimeric immuneglobulins,
immuneglobulin chains or fragments thereof (such as Fy, Fab, Fab', Flab), or other antigen-binding subsequences of
antibodies) which cantain minimal sequence derived from nen-human immunoglobulin. For the most part, humanized

are human i ins (recipient antibody) in which residues from the complementarity determining

regions (CDRs) of the recipient antibody are replaced by residues from the CORs of a nan-human species {donor
antiody) such as mause, rat or rabbit having the desired specificity, affinity and capacity. In some instances, Fv

nonhuman FR residues.

framewark-region (FR) residues of the human i in are repfaced hy
Furthermore, the humanized antibedy may comprise residues which are found neither in the recipient antibody nor in

the imparted COR or FR sequences. These modifications are made to further refine and optimize antibody

perf In general, the ized antifiody will comprise substantially all of at least one, and typically tw,
variable domains, in which all or substantially all of the CDR regions corcespond to thuse of a non-human

fabulin and all or sub ially all of the FR residues are those of a human immunoglabulin consensus
12
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sequence. The humanized antihody optimally also will comprise at least a portion of an immunoglabulin constant
regian {Fe), typically that af a human immunaglobulin,

"Muscle cells" include skeletal, cardiac ar smooth muscle tissue cells. This term encompasses those cells
which differentiate ta form more spacialized muscle cells {e.g. myablasts). Vaseular smooth muscle cells refer to
smooth muscle cells present in a middle elastic layer, media, of blood vessels.

The term "stenesis" refers to narowing or stricture of a hollew passage (e,q, a duct or canal) in the body.
The term "vascular stenosis” refers to acclusion or narrowing of blood vessels. Vascular stenasis often results from
fatty deposit (as in the case of atherosclerosis] or excessive migration and profiferation of vascular smooth muscle
cells and endothefial cells. Arteries are particularly susceptible to stenosis. The term “stenosis” as used herein
specifically includes initial stenosis and restenosis.

The term "restenosis” refers to recurrence of stenosis after treatment of initial stenosis with apparent
success. For example, “restenosis” in the context of vascular stenosis, refers to the reoccurrence of vascular stenosis
after it has been treated with apparent success, e.g. by removal of fatty deposit by balloen angioplasty. One of the
contributing factors in restenosis is intimal hyperplasia. The term "intimal hyperplasia”, used interchangeably with
"neointimal hyperplasia” and “necintima formation”, refers ta thickening of the inner most layer of blopd vessels,

i

intima, as a of and migratian of vascular smooth muscle cells and endothelial eells.

The various changes taking place during restenesis are aften collectively referred to as “vascular wall remodeling.”

The terms "balloon angi y" and "p inal coranary angi {PTCA) are often
used interchangeahly, and refer to a non-surgical catheter-hased treatment for removal of plague from the coranary
artery. Stenosis or restenasis often lead to hypertension as a result of increased resistance to blood flow.

The term "pyleric stenosis” refers to narrowing of pylarus, the passage at the lower end of the stomach that
opens inte the dugdenum.

The term “hypertension” refers to ahnormally high blood pressure, i.e. beyond the upper value of the normat
range.

By “neutralizing antibedy" is meant an antibody molecule as herein defined which is able to block or
significantly reduce an effector function of ErbB receptors, Accordingly, a “neutralizing” anti-ErbB4 antibody is
capable of blocking ar significantly reducing an effectar function, such as ligand binding andjor slicitation of a cellular
response, of ErbB4. For the purpase of the present invention, the ability of an anti-ErbB4 antibody to neutralize the
binding of an ErbB4 ligand (heregulin, HRG) to ErbB4 can he monitored, for example, by ing the binding of

detectahly fabeled HRG to purified ErbB4 or to a cell line exressing or madified to express ErbB4 in the presence and
absence of a candidate anti-ErbB4 antibody. Such assays are described in Example 4 below. For the purpose of the
present invention, the ability of the anti-ErbB4 antibadies to neutralize the elicitation of a cellular response by ErtB4 is
preferably tested by menitoring the inhibition of tyrosine phasphorylation of ErbB4 by heregulin (HRG), ar in a cell
praliferation assay. Representative assays are disclased in Example 4 helow. “Significant” reduction means at least

about 60%, or at least about 70%, preferably at least ahout 75%, mare preferably at least ahout 80%, even more
13
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preferably at least about 85%, still more preferably at least ahout 90%, sfill more preferably at least about 85%,
most preferably at least abaut 89% reduction of an effectar function of the target antigen (s.g. ErbB4), such as ligand
{e.g. HRE) hinding and/er elicitation of a cellular response. Preferably, the “neutralizing” antibodies as defined herein
will be capable of neuiralizing at least about B0%, or at least about 70%, preferahly at least ahout 75%, more
preferably at least about 80%; even mare preferably at least about 85%, still mere preferably at least about 90%, still
more preferahly at least about 95%, most preferably at least abaut 89% of the tyresine phosphorylation of ErbB4 by
HRE, as determined by the assay described in Example 4.

An “isolated” antibody is one that has been identified and and/or from a of

its natural envi G i of its natural envi are ials that would interfere with
diagnostic ar therapeutic uses for the antibady, and may include enzymes, hormones, and other proteinaceous or non-
proteinaceous solutes. In prefered embodiments, the antibady will he purified (1) to greater than 85% by weight of
antibody as determined by the Lowry method, and most preferably more than 99% by weight, {2) to a degree sufficient
o obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a spinning cup sequenator, or {3)
to homogeneity by SDS-PAGE under reducing or non-reducing conditions using Caomassie blue or, preferably, silver
stain. Iselated antihody includes the antibody in situ within recombinant cells since at least one companent of the
antibedy’s natural envirenment will nat be present. Ordinarily, hawever, isolated antibady will be prepared by at least

one purification step.

The term “epitope” is used to refer to binding sites for or poly } antibodies on protein
antigens.

Antihodies which hind to a particular epitope can he identified by “epitope mapping.” There are many
methods known in the art for mapping and characterizing the location of epitopes on proteins, including solving the
crystal structure of an antibody-antigen complex, competition assays, gene fragment expression assays, and synthetic
peptide-based assays, as deseribed, for example, in Chapter 11 of Harlow and Lane, Using Antibadies, a Laboratary
Manual, Cold Spring Harbor Laboratory Press, Celd Spring Harbar, New York, 1999. Caompstition assays are discussed
below. According ta the gene fragment expression assays, the open reading frame encoding the protein is fragmented
either randomly ar by specific genetic constructions and the reactivity of the expressed fragments of the pratein with
the antibody to be tested is determined. The gene fragments may, for example, he produced by PCR and then
transcribed and translated into pratein /7 witre, in the presence of radicactive amino acids. The binding of the antibody

d by imme ipitation and gel electrophoresis.

to the radicactively labeled pratein fi is then
Certain epitopes can also be identified hy using large libraries of random peptide sequences displayed on the surface of
phage particles {phage libraries). Alternatively, a defined fibrary of overlapping peptide fragments can be tested for
binding to the test antibody in simple binding assays. The latter approach is suitable to define linear epitopes of about
5 to 15 amino acids.

An antibody binds “essentially the same epitope” as a reference antihody, when the two antibodies recognize

identical o sterically overlapping epitopes. The most widely used and rapid metheds for determining whether two
14
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spitapes bind to identical or sterically overlapping epitopes are compstition assays, which can be configured in all
rumher of different farmats, using either labeled antigen or labeled antibody. Usually, the anﬁgén is immobilized on a
96-well plate, and the ahility of unlabeled antibodies ta black the binding of Isbeled antibodies is measured using
radisactive or enzyme labels.

The phrase “inhibiting an ErbB4 (HER4) receptor” refers ta the ahility of an ErbB4 antagenist te inhibit or
prevent activation of an ErbB4 receptor, for example, by blocking the binding of a figand to the ErbB4 receptor. The
“aetivation” of an ErhB4 receptar refers to receptor phosphorylation, which can be quantified using the tyresine
phosphorylation assays, and downstream events that constitute induction of signal transduction by the bound ligand.
“Inhibitian” is any of these assays is at least about 80%, or at least about 70%, preferably af east ahout 75%, more
praferably at least about 80%; even more preferably at least about 85%, still more preferably at least about 90%, still
mare preferably at least about 85%, most preferably at least ahaut 99%.

The expressien “decreasing survival of a cell* refers to the act of decreasing the period of existence of a cell,
relative ¢ an untreated cell which has not been exposed to a ERbB4 antagonist either /7 vitro or in vive. The
expression “decreased cell proliferation” refers to a decrease in the number of cells in a population exposed to an
ErbiB4 antagonist either i vitre or in vive, relative to an untreated cell.

"Biolagical activity” where used in conjunction with an EbB4 antagenist refers to the ability of an ErbB4
antagonist to control the excessive proliferation or migration of smoath muscle cells, as determined in a relevant i
vitra or in vive assay, including the PDGF-stimulated smaoth muscle cell profiferation and human aortic smooth muscle
cell migration assays described in the Examples hereinbelow, animal models and human clinical trials, irrespective of
the underlying mechanism. Thus, the biological activity of an ErbB4 antagonist includes, without fimitation,
functioning as an inhibitor of the binding of a ligand or activation of a native ErhB4 receptor, andjor inhibition of
growth andjor migration of smoath muscle cells expressing an ErbB4 receptor on their surface,

The term “disease state” refers to a physiological state of a cell or of a whole mammal in which an
interruption, cessation, or disorder of cellular or hody functions systems, or organs has accurred.

The term “effective amount” refers to an amount of a drug effective ta treat {including prevention) a dissass,
diserder or unwanted physialogical conditions in a mammal. In the present invention, an “effective amaunt” of an
ErbB4 antagonist may reduce, slow down or delay the praliferation of smooth muscle cells; reducs, slow down or delay
the migration of smooth musele eells; prevent or inhibit {Ze., slow ta some extent and preferably stop) the development
of stenasis or restenasis; andfar relieve to some extent one or more of the symptoms associated with stenosis ar

restenosis, in particular, prevent ar inhibit [ie, slow to sume extent and preferably step) the development of elevated

blood pressure iated with stenosis or

Nueleic acid is "operably linked” when it is placed into a functional relationship with another nucleic acid
sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA for a polypeptide if it is
expressed as a preprotein that parficipates in the secretion of the palypeptide; a promoter or enhancer is operably

linked ta a coding sequence if it affects the transcription of the sequence; or a ribosome hinding site is operably linked
15
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to a coding sequence if it is positioned so as to facilitate translation. Generally, "operably linked" means that the DNA
sequences heing linked are contiguous, and, in the case of a secretory leader, contiguous and in reading phase.

However, enhancers do not have to be canti Linking is I by ligation at i ction sites.

If such sites do not exist, the synthetic aligonuclestide adapters o finkers are used in accardance with conventional

practice.

F i carriers, excipi or stabil are opes which are nantoxic to the cell or

mammal heing exposed therefo at the dosages and il loyed. Often the physiologicall bl
carrier is an aqueous pH buffered solutian. Examples of physielogically acceptable carriers include buffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low moalecular weight (less than about
10 residues) polypeptides; proteins, such as serum alhumin, gelatin, or immunaglobulins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides,
disaccharides, and other carhohydrates including glucose, mannse, or dextrins; chelating agents such as EDTA; sugar
alcohols such as mannitol or sorbital; salt-forming counterions such as sodiur; andjor nonianic surfactants such as

Tuween , polyethylene glycel (PEG), and Pluronics .

B. Methods for carrying aut the invention
The invention concerns the treatment of stenosis by antagonists of native ErbB4 receptars. Although the

inventien is not so limited, in a preferred i the ist is an i or a chimeric

heteromultimer adhesin. Immuncadhesins {referred to as bybrid imnunoglobulins), including their structure and
preparation, are desctibed, e.g. in WO 91/08298; and in U.S. Patent Nos. 5,428,130 and 5,116,964, the disclosures of

which are hereby expressly incorporated by reference.

1. Production af an immunoadhesin ar chimeric heteromuitimer adhesin.

The description below relates primarily to production of immunoadhesin by cuituring cells transfarmed or

fected with 2 vector dhesin nucleic acid. It is, of course, contemplated that alternative

methods, which are well known in the art, may be employed to prepare immuncadhesin. For instance, the
immunoadhesin sequence, or portions thereof, may ke produced by direct peptide synthesis using solid-phase
techniques [see, e.g., Stewart at al., Solid-Phase Peptide Synthesis, W.H. Freeman Co., San Francisco, CA (1969}
Merifield, J. Am. Chem. Sec., 85:2148-2154 {1863} /r witro protein synthesis may be performed using manual

or by autemati synthesis may be accomplished, for instance, using an Applied Biosystems
Peptide Syntitesizer (Faster City, CA) using manufacturer's instructions. Various partions of the immuneadhesin may
be chemically synthesized separately and combined using chemical or enzymatic methods to produce the full-length

immungadhesin.
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Nucleit acid encoding a native sequence ErbB4 receptor can, for example, be isolated from cells known to
express the ErbB4 receptor, such as thuse described in EP 599,274, supra, and in the collective Plowman et &,
references, sepra o is synthesized.

DNA encoding immunoglabulin light or heavy chain constant regions is known o readily available from cDNA
libraries or is synthesized, See far example, Adams et al., Biochemistry 19:2711-2719 (1280); Gough et al.,
Biochemistry 19:2702-2710 {1980); Dolhy et al; P.N.A.S. USA, 77:6027-6031 (1880}; Rice et al P.N.A.S USA
78:7862-7865 (1982); Falkner et al; Nature 298:286-288 {1982); and Marrison et al; Ann. Rev. fmmunol. 2:239-256
(1984).

Ani in ar a chimeric h in of the inventian is preferably produced by expressian in a host

cell and isolated therefrom. A host cell is generally transfarmed with the nucleic acid of the invention. Preferably the
nucleic acid is incorporated into an expression vector. Suitable hest cells far cloning or expressing the vectors herein
are prokaryate host cells (such as £ cof, strains of Bacillus, Pseudemonas and other hacteria), yeast and other
eukaryetic microbes, and higher eukaryote cells {such as Chinese hamster ovary (CHO) cells and other mammalian
cells). The cells may also be present in live animals (for example, in cows, goats or sheep). Insect cells may also be
used. Cloning and expression methodologies are well knawn in the art.

To ohtain expressian of an immunoadhesin such as a chimeric ErbBA-Ig& malecule, one or more expressien

vector(s} isfare introduced into hst cells by ion or fon and the resulting hinant host cells are

cultured in canventional nutrient media, modified as appropriate for inducing promoters, selecting recombinant cells, or
amplifying the ErbB4-IgG DNA. In general, principles, protocols, and practical technigues for maximizing the
produgtivity of /# vitro mammalian cell cultures can be found in Mammalian Celf Biotechnology; a Practical Approach,
M. Butler, ed. (IRL Press, 1891).

1 Construction of nucleic acid encoding immunoadhesin

When preparing the immunoadhesins of the present invention, preferably nucleic acid encoding an
extracellular domain of a natural receptor is fused C-tenminally to nucleic acid encoding the N-terminus of an
immunoglobulin canstant domain sequence, however N-terminal fusions are also possible. Typically, in such fusions the
encoded chimeric polypeptide will retain at least funetionally active hinge, CH2 and CH3 domains of the constant
region of an immunoglobulin heavy chain. Fusians are also made to the C-terminus of the Fe portion of a constant
domain, or immediately N-terminal to the CH1 of the heavy chain or the correspanding region of the fight chain. The
resultant DNA fusion construct is expressed in appropriate host cells.

Nucleic acid molecules enceding amino acid sequence variants of native sequence extracellular domains {such
as from ErbB4) and/or the antibody sequences used to prepare the desired immunoadhesin, are prepared by a variety of
methads known in the art. These methods inelude, but are not limited to, isolation from a natural source (in the case

of naturally occurring amino acid sequence variants, such as those mentioned ahove in connection with ErbB4) or

preparation by oligonueleotide-mediated (or site-directed) is, PGR is, and cassette genesis of

an earfier prepared variant or a non-variant version of native sequence ErbB4.
17

JP 2004-507559 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

15

20

25

30

35

(83)

WO 02/18444 PCT/US01/26984

Amino acid sequence variants of native sequence extracellular domain included in the chimeric hetervadhesin
are prepared by introducing appropriate nuclectide changes inte the native extracellular domain DNA sequence, or by i

vitre synthesis of the desired chimeric in monomer ide. Such variants include, for example,

deletions from, or inserticns or substitutions of, residues in the amina acid sequence of the immuncadhesin or chimeric
heteroadhesin.

Variatians in the native sequence as described abave can he made using any of the techniques and guidelines

far ive and non-canservative ions set forth in Table 1.

In a preferred embodiment, the nucleic acid encodes a chimeric malecule in which the ErbB4 receptor
extracellular domain sequence is fused to the N-terminus of the C-terminal portion of an antihody (in particular the Fe
domain), cantaining the effector functions of an immunoglobulin, e.g. IgG1. It is possible to fuse the entire heavy chain
constant region to the ErbB4 receptor extracellular demain sequence. However, mare preferably, a sequence beginning
in the hinge region just upstrear of the papain cleavage site {which defines lgG Fc chemically; residue 218, taking the
first residue of heavy chain canstant region to be 114 [Kobet et al, supra], or analogous sites of other
immunoglobulins) is used in the fusion. In & particularly preferred embodiment, the ErbB4 recsptor extracellular domain
sequence is fused to the hinge region and CH2 and CH3 or CH1, hinge, CHZ and GH3 domains of an igG71, 1gG2, or
IgB3 heavy chain. The precise site at which the fusion is made is not critical, and the optimal site can be determined
by routine experimentation.

For human immuncadhesins, the use of human Ig&1 and IgG3 immunoglobulin sequences is preferred. A major
advantage of using Ig61 is that lyG1 immuncadhesins can be purified efficiently on immabilized protein A. In contrast,
purification of IgGSIrequires protein G, a significantly less versatile medium. However, other structural and functional
properties of immunoglobulins shauld be considered when choosing the lg fusion partner for a particular
immunoadhesin construction. For example, the IgG3 hinge is longer and more flexible, so it can accommodate farger
“adhesin” demains that may nat fold or function properly when fused to IgG1. Anether consideration may be valency;

1gG i ins are bivalent i whereas ig subtypes like IgA and IgM may give rise to dimeric or

unit,

ic structures, respectively, of the basic Ig f
For ErbBA4-ly immunoadhesins designed for in viva application, the pharmacokinetic properties and the
effector functions specified by the Fc region are impartant as well. Although IgG1, [gG2 and 9G4 all have in viva half-

lives of 21 days, their relative patencies at activating the complement system are different. 1G4 does not activate

] and 1§62 is significantly weaker at I activation than IgB1. Moreover, unlike IgG1, lg62 does
not bind te Fe receptors on mononuclear cells or neutraphils. While 1g63 is optimal for complement activation, its in
vivo half-life in approximately one third of the ather IgG isotypes.

Another impartant consideration for immunoadhesins designed to he used as human therapeutics is the
numhber of allatypic variants of the particular isatype. In general, Igh isotypes with fewer serologically-defined
allotypes are preferred. For example, g1 has only four serologically-defined allatypic sites, two of which {G1m and

2) are located in the Fc region; and ane of these sites GIml, is nonimmunagenic. In confrast, there are 12
18
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serologically-defined allotypes in IgG3, all of which are in the Fc region; enly three of these sites (G3mS, 11 and 21)

have ane allotype which is nonimmunagenic. Thus, the patential i icity of an IgG3 i dhesin is greater
than that of an Ig&1 immuneadhesin.

The cDNAs encoding the ErbB4 receptor sequence (e.g. an extracellular domain sequence) and the Ig parts of
the immunoadhesin are inserted in tandem into a plasmid vector that directs efficient expression in the chosen hast
calls. For expression in mammalian cells pRK5-based vectors [Schall et al., Cell 61, 361-370 (1990)] and COM8-based

vectors [Seed, Nature 329, 840 {1989)] may, for example, be used. The exact junction can be created by removing the

extra sequences between the designed junction codons using oli leatide-directed deletional is [Zofler
and Smith, Mucleic Acids Res. 10, 6487 (1982); Capon et al., Natuwe 337, 525631 (1989). Synthetic
oligonucleotides can be used, in which each half is complementary to the sequence an either side of the desired
junction; ideally, these are 36 to 48-mers. Alternatively, PCR techniques can be vsed to join the two parts of the
malecule in-frama with an apprepriate vectar.

Although the presence ef an immunaglobutin light chain is not required in the immunoadhesins of the present
invention, an immuneglobulin light chain might be present either covalently associated to an ik receptor-
immunaglebulin heavy chain fusisr polypeptide, or directly fused ta the trk receptar extracelfular domain. In the former
case, DNA encading an immunoglebulin fight chain is typically coexpressed with the DNA encading the ErbB4 receptar-
immunaglebulin heavy chain fusion protein. Upon secretion, the hybrid heavy chain and the light chain will be
covalently assosiated to provide an immunoglebulin-like structure comprising two disulfide-inked immunoglobulin
heavy chain-light chain pairs. Method suitable for the preparation of such structures are, for example, disclosed in U.S.
Pat. No. 4,816,567 issued Mar. 28, 1984.

Anather preferred type of chimeric ExbB4 antaganist herein is a fusion protein comprising an extracellular
domain, such as from a ErbB4 monamer, linked to a heteralogous polypeptide, such as a multimerization domain. Such
a sequence can be constructed using recombinant DNA techniques. Alternatively, the heterclagous polypeptide can be

bound to the domain pok ide by i well known in the art such as the use of the

heterobifunctional crosstinking reagents.  Exemplary coupling agents include MN-suecinimidyl-3-(2-pyridyldithiol)

prop (SPDP), iminothiotane (iT), bifunctional derivatives of imi {such as dimethy! adipimidate HCL), active
esters (such as disuccinimidyl suberate). (such as bis-azido {such as bis (p-
idobenzayl) iamine), bis-diazonium  derivatives (such as his-(p-iazoniumt TS

diisocyanates (such as tolyene 2,6-diisocyanate), and his-active fluarine compounds {such as 15-difluare-2,4-

dinitrobenzene).
In ane embodi a chimeric | dhesin polypeptid ises a fusion of @ monomer of the chimeric
hesin with a tag palypeptide which provides an epitope to which an anti-tag antibody can selectively hind.

Such epitape tagged forms of the chimerie heteroadhesin are useful, as the presence thereof can be detected using a

[abeled antibody against the tag polypeptide. Also, provisian of the epitape tag enables the chimeric heteroadhesin to

oy -

and their

be readily purified by affinity purification using the anti-tag antibody. Tag polypep
19
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are well known in the art. Examples include the flu HA tag palypeptide and its antibady 12CAS, (Field ef £, Mal. Cell
Biot, §:2159-2165 {1988)); the c-myc tag and the 8F9, 3C7, BE10, G4, B7 and 9E10 antibodies thereto {Evan ef af,
Malecular and Cellular Biology 5(12):3610-3616 {1985]); and the Herpes Simplex virus glycopratein D {gD) tag and its
antibady (Pahorsky'etsl., Pratein Engineering 3(6):547-563 (1990)).

Another type of cevalent madification of a chimerie heteromultimer comprises linking a monomer polypeptide
of the heteromultimer to ane of a variety of nnnjproteinaceuus polymers, e.g.. polysthylene glycal, polyprapylene

glycel, palyaxyalkylenes, or of palyethylene glycal and polypropylene glyeol. A chimeric heteromultimer

also may be entrapped in microcapsules prepared, for example, hy caacervation technigues or by interfacial

polymerization {for example, hydroxy or gelatin-mi p: and  paly

microcapsulas, respectively), in calloidal drug delivery systems (for example, liposomes, albumin microspheres,

lsi particles and or in macroemulsi Such iques are disclosed in
Remington's Pharmaceutical Sciences, 16th edition, Oslo, A, Ed., (1980).
il Sefection and Transformation of Host Cells

Hast cells are fected or transf i with ion or cloning vectors described herein for

anid cultured in ional nutrient media modified as apprapriate for inducing promaters,

selecting transformants, or amplifying the genes encoding the desired seguences. The culture conditions, such as
media, termperature, pH and the like, can be selected by the skilled artisan without undue experimentation. In general,

principles, protecols, and practical i for imizing the ivity of cell cultures can be found in

Mammalian Cell Biotechnolegy: a Practical Approach, M. Butler, ed. {IRL Press, 1981) and Samhraak et al., supra.

The terms fon" and are used interch bly herein and refer to the process of
intraducing BNA into a cell. Following transformation or transfection, the nucleic acid of the invention may integrate
into the host cell genome, or may exist as an extrachromosomal element. Metheds of eukaryatic cell transfection and
prokaryatic cell transformation are known to the ardinarily skilled artisan, for example, CaCl, CaPO,, lipasome-
mediated and electroporation. Depending on the host cell used, transformation is performed using standard technigues
appropriate to such cells. The calcium treatment employing calcium chloride, as described in Sambroak e al., supra, or

is used for

electraporation is generally used for prakaryotes. Infection with 4
of certain plant cells, as described by Shaw et al,, Gene, 23:315 {1983) and WO 89/05859 published 28 Juns 1989,
Far mammalian cells without such cell walls, the calcium phosphate precipitation method of Graham and van der Eb,
Virology, 52:456-457 (1978) can be employed. General aspects of mammalian cell host system transfections have
been described in U.S. Patent No. 4,389,216. Transformations into yeast are typically carried out according to the
method of Yan Solingen et al., J. Bact., 130:946 {1977) and Hsiao et al., Proc. Natl. Acad. Sci. (USA), 76:3829

{1879). Hawever, other metheds for introducing DNA inta cells, such as by nuclear micrainjection, electroporation,

hacterial protoplast fusien with intact cells, or polycations, e.g., palybrene, polyornithing, may also be used. Far

various iques for ing lian cells, ses Keown et al., Methods in Enzymology, 185:627-537 (1990)
and Mansuur et al., Nature, 336:348-352 {1988).
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Suitahle host cells for cloning or expressing the DNA in the vectors herain include prakaryote, yeast, or higher
eukaryote cells. Suitable prakaryotes include but are not limited to eubacteria, such as Gram-negative or Gram-positive
for example, E: i such as £ ¢oli. Various £, coff strains are publicly available, such as £. colf

K12 strain MM294 (ATCC 31,448); £ eolf X1776 (ATCC 31,537); £, coff strain W3110 (ATCC 27,325) and K5 772
(ATCC 53,635). Other suitable prokaryotic host cells include iaceae such as £ ichia, .g., E. cofi,

Enterobacter, Frwinia, Klebsiella, Proteus, lfz, e.g. fmiir Serratia, eJ4.. Serratia

marcescans, and .S’Inpe//a,» as well as Bacilli such as B. subtifis and B. ficheniformis (e.g., B. kcheniformis 41P disclosed

in DD 266,710 published 12 Agril 1888), A suchas A i and Streptomyces. These examples are

illustrative rather than limiting. Strain W3110 is one particularly preferred host or parent hast because it is a common
host strain for recombinant DNA product fermentation. Preferably, the host cell secretes minimal amounts of
proteolytic enzymes. For example, strain W3110 may be modified to effect a genstic mutation in the genes encoding
proteins endogenous ta the hast, with examples of such hosts including £ co# W3110 strain 1A2, which has the
complete genctype fand; £. colf W3110 strain 9E4, which has the complete genotype tond ptr3; E. colf W3110 strain
27C7 {ATCC 55,244), which has the complete genotype fand pir? phol E15 {argﬁ/aa}lﬁ? dogP ompT kanl; E. colf
W3110 strain 3706, which has the complete genotype ton4 ptr? phed F15 (argF-lac) 169 degP ampT ris7 ivG kar; E.
£olf W3110 strain 40B4, which is strain 37D6 with a nan-kanamycin resistant degP deletion mutation; and an £, colf
strain having mutant periplasmic pratease disclosed in U.S. Patent No. 4,946,783 issued 7 August 1990.
Alternatively, /7 vitre methods of clening, e.g., PCR or ather nucleic acid polymerase reactions, are suitable.

In addition to prokarystes, sukaryatic microhes such as filamentous fungi or yeast are suitable clening ar

ik oding vectors. Sacch as isiag is a ly used lower eukaryotic

expression hosts for i
host micrasrganism. Others include Schizasaccharomyces pombe (Beach and Nurse, Nature, 290: 140 [1981]; EP
139,383 published 2 May 1985); Klwyveromyces hasts (I1.S. Patent No. 4,943,529; Fleer et al., Bio/Technology,
9:968-875 (1991)) such as, e.9., A. /actis (MW98-8C, CBSB83, CBS4574; Louvencourt et al., J. Bacterial., 154(2):
737-1742 [1983)), K. fragilis (ATCC 12,424), K. bulgaricus \ATCC 16,048), K. wickeramii (ATCC 24,178), K. walti
(ATCC 56,500), K. drosophilarem (ATCC 36,906; Van den Berg et al, BioiTechnology, 8:135 (1990), A
thermotolerans, and K. marxianus; yarrowia \EP 402,226); Pichia pastoris \EP 183,070; Sreekrishna et al., J. Basic
Microbiol., 28:265-278 [1998)); Landida; Trichoderma reesia (EP 244,234); Newraspora crassa (Case et al., Proc. Natl.
Acad. Sci. USA, 76:5258-5263 [1979]) i such as i identalis (EP 334,538
published 31 Gctober 1990% and filamentous fungi such as, e.g., spora, Penicifiiom, Tolypocladiom (WO
91j00357 published 10 January 1991), and Aspergiflus hosts such as 4, nidulens (Ballance et al., Biochem. Biophys.
Res. Commun., 112:284-289 [1983]; Tilbum et al., Gene, 26:205-221 [1983]; Yelton et al, Proc. Natl Acad. Sci.
USA, 81: 1470-1474 [1984)) and A. aiger {(Kelly and Hynes, EMBO J., 4:475-479 [1985)). Methyloirapic yeasts are

suitable herein and include, bat are not limited to, yeast capahle of growth on methanol selected from the genera

censisting of Hansenula, Candida, Kloeckera, Pichia, Torulopsis, and Rhodatordla. A list of specific
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species that are exemplary of this class of yeasts may be found in C. Anthony, The Bigchemistry of Methylotraphs,
269 (1882).

Suitahle host cells for the expression of glycosylated i dhesin are derived from multicellular

arganisms. Examples of invertebrate cells include insect cells such as Drosophila S2 and Spodoptera Sf9, as well as
plant cells. Examples of useful mammalian host cell lines incfude Chinese hamster ovary {CHO) and COS cells. Mare
specific examples include monkey kidney CV1 ling transformed by SV4Q (C0S-7, ATCC GRL 1651); human embryonic
kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham et al., J. Gen Virol., 36:58 (1977));
Chiness hamster ovary cells)-BHFR (CHO, Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77:4218 {1980)); mouse
sertoli cells (TM4, Mather, Biol. Reprod., 23:243-251 {1980)); buman lung cells (W138, ATCC CEL 75); human liver
cells {Hep G2, HB B065); and mouse mammary tumor (MMT 060562, ATCC CCL51). The selection of the appropriate
host cell is deemed ta be within the skill in the art.

In general, the choice of a mammalian host cell line for the expression of ErbB4-1g i dhesins depends

mainly on the expression vector {see below). Another consideratian is the amaunt of protein that is required. Milligram
quantities often can be produced by transient transfections. Far example, the adenovirus EIA-transformed 293 human
emhbryenic kidney cell line can he transfected transiently with pRK5-based vectors by a medification of the calcium
phosphate methed to allow efficient immunoadhesin expression. CDM8-based vectors can he used to transfect COS
cells hy the DEAE-dextran method (Aruffo et al, Celi 61, 1303-1313 {1990)]; Zettmeissl et al., DNA Cell Biof. {US) 8,
347-353 (1990}]. If larger amounts of protein are desired, the immunoadhesin can be expressed after stable
transfection of a host cell line. For example, a pRK5-based vector can be introduced inta Chinese hamster avary {CHO)
cells in the presence of an additional plasmid encoding dibydrofulate reductase (DHFR) and conferring resistance to
G418. Clones resistant to 6418 can he selected in culture; these clones are grown in the presence of increasing levels

of DHFR inhibitor methotrexate; clones are selected, in which the number of gene copies encoding the DHFR and

immunaadhesin sequences is co-amplified. If the i in contains a hydrop leader sequence at its N-

terminus, it is likely to be processed and secreted hy the ed cells. The ion of i ins with

mare complex structures may require uniquely suited host cefls; for example, components such as light chain or J chain
may be provided by certain myeloma or hybridoma cell hosts [Gascoigne et al., 1987, supra; Martin et al., J. Viral. 67,
3561-3568 (1993)].

fiii} Selection and Use of a Replicable Vector
The nucleic acid encoding immunoadhesin may be inserted into & replicable vector for cloning (amplification
of the DNA) or for expression, Various vectors are publicly available. The vector may, for example, be in the form of a

plasmid, cosmid, viral particle, or phage. The approptiate nucleic acid sequence may e inserted inta the vector by a

varigty of procedures. In general, DNA is inserted into an fate restriction sitels) using
known in the art. Vecter components generally include, but are not limited to, ane or mare of a signal sequence, an

origin of replication, one or more marker genes, an enhancer element, a promoter, and a transcription termination
22
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sequence. Construction of suitable vectors containing one or more of these components employs standard ligation
techniques which are known to the skilled artisan.

The immunoadhesin may he praduced recombinantly not anly directly, but also as a fusion palypeptide with a
heteralogous palypeptide, which may he a signal sequence or other palypeptida having a specific cleavage site at the
N-termtinus of the mature protein or polypeptide. In general, the signal sequence may he a component of the vector, or
it may be a part of the immunoadhesin-enceding DNA that is inserted into the vector. The signal sequence may be a
prokaryetic signal sequence selected, far example, fram the group of the a[kalina phosphatase, penicillinase, Ipp, or

heat-stable enteratoxin Il leaders. Fer yeast secretion the signal sequence may be, e.g., the yeast invertase leader,

alpha factor leader (including S: and Kty yeas ofactor leaders, the [atter described in U.S. Patent
Na. 5,010,182), or acid phosphatase leader, the £. albicans glucoamylass leader (EP 362,178 published 4 April 1980},
or the signal described in WO 8013646 published 15 November 1980. In ian celf i li

signal sequences may be used to direct secretion of the protein, such as signal sequences from secreted polypeptides
of the same or related species, as well as viral secretary leaders.

Bath expression and eloning vectors contain a nucleic acid sequence that enables the vector ta replicate in
ane or more selected host cells. Such sequencas are well known for a variety of bacteria, yeast, and viruses. The
origin of replication from the plasmid pBR322 is suitahle for most Gram-negative bacteria, the 2y plasmid origin is
suitable for yeast, and various viral origins {SV40, polyoma, adenavirus or BPV) are useful far cloning vectors in
mammalian cells.

Expression and cloning vectors will typically contain a selection gene, alsa termed a selectable marker.

Typical selection genes encode proteins that {a} confer resistance fo antibiotics or other toxins, e.., ampieillin,

t or ycline, (b} compl hic deficiencies, or {c) supply critical nufrients net

available from camplex media, e.g., the gene encading B-alanine racemase for Sacill.

An example of suitable selectable markers for mammalian cells are those that enable the identification of
cells compstent to take up the immuncadhesin-encading nucleic acid, such as DHFR or thymidine kinase. An
appropriate host eell when wild-type DHFR is emplayed is the GHO cell line deficient in DHFR activity, prepared and
propagated as described by Urlaub et al., Proc. Natl. Acad. Sci. USA, 77:4216 (1980). A suitable selection gene for
use in yeast is the #721 gene present in the yeast plasmid YRp7 {Stinchcomb et al., Nature, 282:39 (1979); Kingsman

et al,, Gene, 7:141 (1979); Tschemper et al., Gene, 10:157 (1980)]. The f7z1 gene provides a selection marker for a
mutant strain of yeast lacking the ability to grow in tryptaphan, for example, ATCC No. 44078 or PEP4-1 [Jones,
Benetics, 85:12 (1877)].

Expression and cloning vectors usually contain a promoter eperably linked to the immunoadhesin-encoding
nucleic acid sequence to direct mRNA synthesis. Promoters recagnized hy a variety of potential host cells are well
known. Pramoters suitable for use with prokaryotic hosts include the [actamase and lactose promoter systems
[Chang et al., Nature, 275:615 {1976); Goedde! et al., Naturg, 281:544 (1979)], alkaline phasphatase, a tryptophan

{trp) promoter system [Goedde!, Nucleic Acids Res., 8:4057 (1980); EP 36,7761, and hybrid promoters such as the tac
23
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pramoter [deBosr et al., Proc. Natl. Acad. Sci. USA, 80:21-25 (1983]. Pramaters for use in bacterial systems also will
contain a Shine-Dalgarno {S.D.) sequence operahly finked to the BNA encoding immunoadhesin.

Examples of suitable promoter sequences for use with yeast hosts include the promoters for 3-
phosphaglycerate kinase [Hitzeman et al., J. Biol. Chem., 266:2073 (1980)] or other glycolytic enzymees [Hess et al.,
J._Adv, Enzyme Req., 7:149 (1968); Holland, Biochemistry, 17:4900 (1978)], such as enolase, glyceraldehyde-3-

phosp ydrog hexakinass, pyruvate decarboxylase, phosy okinase, glucase-6-phosp
3-phosphaglycerate mutase, pyruvate kinase, triosephasphate i hasphogl isomerase, and glucoki
Other yeast pramaters, which are inducible having the additi of

contralled by growth conditions, are the promoter regions for alcohal dehydrogenase 2, isecytochrome C, acid

P R

enzymes iated with nitrogen metaholism, ionein, glyceraldehyde-3-phospk

ay Y

ydrog , and enzymes responsible for malfase and galactese ufilization. Suitable vectors and promoters for use

in yeast expression are further described in EP 73,657.
The transcription of immunoadhesin from vectars in mammalian host cells is controlled, for example, by
pramaoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 published 5 July

1989), irus (such as irus 2), bevine virus, irus (such as avian sarcoma virus),

cytomegalovirus, hepatitis-B virus and Simian Virus 40 (SV¥40); from heterologous mammalian prometers, e.g., the
actin pramoter or an immunoglehulin promoter, or from heat-shock promaters, provided such promoters are compatible
with the hast cell systems.

Transctiption of a DNA encoding the immunoadhesin by higher eukaryotes may be increased by inserting an
enhancer sequence into the vector. Enhancers are cis-acting elements of DNA, usually abiout from 10 to 300 bp, that
act an a promater to increase its transeription. Many enhancer sequences are now known from mammalian genes
{glebin, elastase, albumin, c.-fetapratein, and insulin). Typically, however, one will use an enhancer fram a eukaryotic
cell virus. Examples include the SV40 enhancer on the late side of the replication origin (by 100-270), the
cytomegalavirus early promoter enhancer, the polyoma enhancer on the late side of the replication origin, and
atdenovirus enhancers. The enhancer may be spliced into the vector at a position 5° or 3’ to the immunoadhesin eading
sequence, hut is preferably located at a site 6’ from the promoter.

Expression vectors used in eukaryatic host cells [yeast, fungi, insect, plant, animat, human, or nucleated cells
from other multicellular organisms) will also cantain sequences necessary far the termination of transcription and for

stabilizing the mRNA, Such sequences are commanly availahle from the 3’ untranslated regians of eukaryotic or viral

DNAs or cDNAs. These regions contain nucleoti ihed as polyadeny fragments in the

untranslated portian of the mRNA encoding immunoadhesin.

Stifl other methods, vectors, and host cells suitable for ion to the synthesis of i fhesin in
recomhinant vertebrate cell culture are described in Gething et al., Nature, 293:620-625 (1981); Mantei et al., Nature,
281:40-46 (1979); EP 117,080; and EP 117,058.
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i) Purification of immunoadhesin

An immunaadbesin ar a chimeric heteroadhesin preferably is recovered from the cutture medium as a secreted
polypeptide, although it also may be recovered from host cell lysates. As a first step, the particulate debris, either
host cels or lysed fragments, is remaved, for example, by centrifugation ot ultrafiltration; aptionally, the pratein may
be concentrated with a commercially available protein concentration filter, followed by separating the chimeric

heteroadnesin from other impurities by one or more purification procedures selected from: fractionation on an

b

column; ianation on an on ge column; ium sulphate or ethanol precipitation; reverse

phase HPLE; ct hy on silica; ch hy on heparin Seph ; chromatagraphy on a cation exchange

resin; chromatofacusing; SDS-PAGE; and ge! filtration,

A particularly advantageous method of purifying i hesins is affinity ch graphy. The choice of
affinity ligand depends on the species and isotype of the immunoglobulin Fc domain that is used in the chimera. Pratein
A can be used to purify immunoadhesins that are hiased an human IgG1, Ig62, ar 1g64 heavy chains [Lindmark et al., J.
Immunol. Meth. 62, 1-13 {1983)). Protein G is recommended for all mouse isotypes and for human IgG3 [Guss et al.,
EMBDO J. 5, 15671575 (1986)1. The matrix to which the affinity ligand is attached is most often agarase, but other

matrices are also available. Mechanically stahle matrices such as pore glass or paly(st

allow for faster flow rates and shorter pracessing times than can be achieved with agarose. The conditions for hinding
an immunoadhesin to the pratein A or G affinity column are dictated entively by the charactetistics of the Fc domain;
that is, its species and isotype. Generally, when the proper ligand is chosen, efficient hinding occurs directly from

uncenditioned culture fluid. One distinguishing feature of i is that, for human Ig61 molecules, the

binding capacity for protein A is semewhat diminished relative 1o an antibody of the same Fc type. Bound
immunoadhesin can be efficiently eluted either at acidic pH (at or ahove 3.0), or in a neutral pH buifer containing a
mildly chaotropic salt. This affinity chromategraphy step can result in an immunoadhesin preparation that is >95%
pure.

Other metheds known in the art can be used in place of, or in addition to, affinity chromatography on protein
A or G to purify immunoadhesins. !mmunoadhesins behave similarly ta antibodies in thiophilic gel chromatography
[Hutchens and Porath, Anal. Biochem. 159, 217-226 (1986)] and immohilized metal chelate chromatagraphy (Al-
Mashikhi and Makai, J. Dairy Sci. 71, 1756-1763 (1988)). In contrast to antibodies, however, their hehavior on ion
exchange columns is dictated not anly by their isoelectric points, but alse by a charge dipole that may exist in the
molecules due to their chimeric nature.

Preparation of epitope tagged immuncadhesin, such as ErbBA-IgG, facilitates purification using an
immunoaffinity calumn cantaining antihody t the epitope to adsorb the fusion polypeptide. Immunoaffinity columns

such as a rabbit palyclonal antiErbB4 column can be employed to absorh the ErbB4-IgG by binding it to an ErbB4

immune epitope.
In some i the ErbB4 receptor-i lobulin chimeras (immuneadhesing) are assembled as
or hetero- or hi i and particularly as dimers or tetramers, essentially as illustrated in WO
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91j08298. Generally, these assembled immunoglobulins will have knawn unit structures. A basic four chain structural
unit is the form in which IgG, 1gB, and IgE exist. A fouranit strusture is repsated ‘in the higher molecular weight
immunoglobulins; IgM generally exists as a pentamer of basic four units held together by disulfide honds. igA globulin,
and accasionally 196 globulin, may alse exist in multimeric form in serum. In the case of multimer, each four unit may
be the same o different.

As noted earlier, the immunoadhesins of the present invention can be made bispecific, and may, for example,
include binding regions from two different ErbB receptors, at least ane or which is ErtB4. Thus, the immunoadhesins
of the present invention may have binding specificities for two distinet ErbB ligands, For bispecific malecules, trimeric
molecules, composed of a chimeric antihody heavy chain in one arm and a chimeric antibody heavy chain-light chain

pair in the other arm of their antihody-like structure are

due fo ease of purification. In contrast to

antibody-producing quadromas traditionally used for the production of bispecific i dhesins, which produce a

mixture of ten tetramers, cells transfected with nueleic acid encoding the three chains of a trimeric immunoadhesin
structure produce a mixture of enly three molecules, and purification of the desired product from this mixture is

correspondingly easier.

17 Characterization of immunoadhesin

Generally, the ErbB4 chimeric heteromultimers of the invention will have any one or mare of the following
properties: {a) the ability to compete with 2 natural heteromultimeric receptor for hinding to a ligand such as HB-EGF;
(b) the ability to farm ErbB2-IgG/ErbB4-Ig6 complexes; and (c) the ability to inhibit activation of & natural
heteromultimeric receptor by depleting ligand from the environment of the natural receptor, thereby inhibiting
proliferation of cells that express the ErbB2 and ErhB4 receptor.

To screen for property {a), the ability of the chimeric ErbB4 heteromultimer a&hasin 1o bind ta a ligand can be
readily determined /z vitra. For example, immunoadhesin forms of these receptors can be generated and the ErbB2{4-lg
hetersimmuncadhesin can e immabilized on a solid phase {e.g. on assay plates coated with goat-anti-human antibody).

The ability of a ligand to hind to the i ifized i thesin can then be d ined. For more details, see the *°I-

HRG binding assay described in the Example befow.

As to property (c), the tyrosine phosphorylation assay using MCF7 cells provides a means for screening for
activation of ErbB4 receptors. [0 an alternative embodiment of the invention, the KIRA-ELISA described in WO
95/14930 ean be used te qualitatively and guantitatively measure the ability of an HER4 chimerie heteroadhesin to
inhibit activation of a HER4 receptor.

The ability of ani thasin, chimeric t in such as ErbB2/4-g, or other molecule of the present
invention to inhibit proliferation of a cell that expresses the ErbB2 and ErbB4 receptar is readily determined in cell
culture by standard procedures. Useful cells for this experiment include MCF7 and SK-BR-3 cells obtainable from the
ATCC and Schwann cells {see, for example, Li ef 2/, J. Neuroscience 16{B):2012-2018 {1996)). These tumor cell fines

may be plated in cell culture plates and allowed to adhere thereto. The HREG ligand in the presence and absence of a
26
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potential ErbB4 antagonist such as an ErbB4 chimeric | dhesin is added. layers are washed and

stained/fixed with crystaf vielet and cell growth inhibition is quantified.

2. Antibady preparation

Anather preferred class of ErbB4 antagonists comprises neutralizing antibodies to this receptor.

W Polyclonal antibadies

Methods of preparing polyclonal antibudies are known in the art. Polyclonal antibodies can be raised in a
mammal, for example, iy one or more injections of an immunizing agent and, if desired, an adjovant. Typically, the
immunizing agent and/or adjuvant will be injected in the mammal by multiple subeutaneaus or intraperitoneal injections.
It may he useful to conjugate the immunizing agent to a protein known to be immunogeric in the mammal being
immunized, such as serum albumin, or soybean trypsin inhibitor. Examples of adjuvants which may be employed include

Freund's complete adjuvant and MPL-TDM.

i Monaclonal antiGodies
Manoclonal antibodies may be made using the hybridoma method first deseribed by Kohler et af, Nature,
256:495 (1879), or may be made by recombinant DNA methods (1.S. Patent No. 4,816,567).
In the hybridoma method, @ mouse or other appropriate host animal, such as a hamster or macague monkey,
is immunized as hereinabave described to elicit lymphacytes that produce or are capable of producing antibodies that
will specifically bind to the protein used for immunization. Alternatively, lymphocytes may be immunized i vifro.

Lymphacytes then are fused with myeloma cells using a suitale fusing agent, such as palyethylene glycal, ta farm a

yhri cell (Goding, Principles and Practice, pp.59-103, {Academic Press, 1986]).
The hyhridema cells thus prepared are seeded and grown in a suitable culture medium that preferably

contains ane or more substances that inhibit the growth or survival of the unfused, parental myeloma cells. For

axample, if the parental myeloma cells lack the enzyms hy hine guanine phasphorihosy! fi {HGPRT ar
i and thymidine (HAT

HPRT), the culture medium for the hybridomas typically will include hy

medium), which substances prevent the grawth of HGPRT-deficient cells.

Preferred myeloma cells are those that fuse efficiently, support stable high-level production of antibody hy
the selected antibody-praducing cells, and are sensitive to a medium such as HAT medium. Among these, preferred
myeloma cell lines are murine myeloma lines, such as those derived from MOP-21 and MC.-11 mouse tumors avaflable
from the Salk Institute Cell Distribution Center, San Diega, California USA, and SP-2 or X63-Ag8-653 cells availahle

from the American Type Culture Collection, Rackville, Maryland USA. Human myeloma and mouse-human

heteromyeloma call lines also have been described for the p ion af human lonal antibodies (Kozbar, /.
fmmunol,, 133:3001 (1984); Brodeur ez 2/, Antibody f ti and Applications, pp. 51-63,
Marcel Dekker, Inc., New York, [1987]).
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Culture medium in which hybridoma cells are grawing is assayed for production of monoclanal antibodies
directed against the antigen. Preferably, the hinding specificity of menoclonal antibedies produced by hybridoma cells”
is determined by immunoprecipitation or by an i vitre hindinﬁ assay, such as radioimmungassay (RIA) or enzyme-
linked immunosorbent assay (ELISA).

The binding affinity of the monaclonal antibody can, for example, be determined by the Scatchard analysis
of Munsan et af, Anal. Bigchem., 107:220 (1980).

After hybridoma cells are identified that produce antibodies of the desired specificity, affinity, andfor
activity, the cells may be subcloned by limiting dilution procedures and grawn by standard methods (Gading,”
Monoclonal Antibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)). Suitable culture media for this
purpose include, far example, DMEM or RPML-1640 mediom. In addition, the hybridoma cells may be grown iz vivo as
ascites tumars in an animal.

The monoclonal antibedies secreted by the subclones are suitably separated from the culfute medium,
ascites fluid, or serum by conventional immunoglobulin purification procedures such as, for example, protein A-
Sepharose, hysroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography.

DNA encading the monoclanal antibodies is readily isolated and using ional p

{e.g., by using oligonucleotide prohes that are capable of hinding specifically to genes encoding the heavy and light

chains of the lonal antibodies). The hyhridoma cells serve as a preferred seurce of such DNA. Once isolated, the

DNA may be piaced inta expression vectors, which are then transfected inta host eells such as £ coff cells, simian COS
calls, Chinese hamster avary (CHO) cells, or myeloma cells that do not otherwise produce immunoglobulin protein, ta

ohtain the synthesis of lonal antibodies in the hinant host cells. The DNA also may be medified, for

example, by substituting the coding sequence for human heavy and light chain constant domains in place of the
hemelogous murine sequences, Morrison, ef a/, Proc. Nat. Acad. Sci. 81, 6851 (1984), or by covalently joining to the
immunaglobulin coding sequence all or part of the coding sequence for a nondmmunaglobulin polypeptide. In that
manner, "chimeric” or "hybrid" antibodies are prepared that have the binding specificity of an anti-ErhB4 feceptnr
monaclonal antibody herein.

Typically such non-i woglobulin pelypeptides are ituted for the constant domains of an antibody of

the invention, or they are substituted for the variable damains of one antigen-combining site of an antibody of the
invention to create a chimeric hivalent antibody comprising one antigen-combining site having specificity for a ErbB4
receptor and another antigen-combining site having spesificity for a different antigen.

Chimeric or bybrid antibadies also may he prepared jz vitra using known methods in synthetic protein
chemistry, including those invalving crosslinking agents. For example, immunotoxins may be censtructed using a

disulfide exchange reaction or by forming a thioether hond. Examples of suitahle reagents for this purpase include

and methyk4 yrimidate.

Recombinant production of antibodi

will be described in more detail befow.
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fii) Humanized antibodies

Generally, a humanized antibody has ene or mare aming acid residues introduced inte it from a non-human
source. These non-human amine acid residues are often referred ta as "impart” residues, which are typically taken
from an “impert" variable domain. Humanization can be essentially performed following the methad of Winter and
co-workers [Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et

al., Science, 239:1534-1536 {1988)], by substituting rodent CDRs or CDR for the

of a human antibody.

Accordingly, such "k 3" are chimeric antibodies (Cabilly, supra), whesein substantially less

than an intact human variable domain has heen substituted by the corresponding sequence from a non-human species.
In practice, humanized antibodies are typically human antibodies in which some CDR residues and possibly some FR
residues are substituted by residues from analogous sites in rodent antibodies.

It is important that antibodies be humanized with retention of high affinity for the antigen and ather
favarable hialogical properties. To achieve this goal, according to a preferred method, humanized antibudies are

ized products using three-

prepared by a process of analysis of the parental and various

dimensional models of the parental and ized Three di janal i lin models are

available and are familiar ta those skilled in the art. Gomputer programs are available which illustrate and display

probable three-dimensianal conformational structures of selected candidate i lobulir I ion of

these displays permits analysis of the likely role of the residues in the ioning of the candidate i li

saquence, L.e. the analysis of residues that influence the ability of the candidate immunoglobufin to bind its antigen. In
this way, FR residues can be selected and combined from the consensus and impart sequence so that the desired
antihady characteristic, such as increased affinity for the target antigenls), is achieved. In general, the CDR residues
are directly and most substantially invalved in influencing antigen binding. Far further details, see U.S. patent Na.
5,821,337.

17 Human antibodias

Human menoclanal antibodies can be made by the hybridama method. Human myeloma and meose-human

heteromyetorna cell lines far the ion of human have heen described, for example, by

Kozhor, J. Immunol. 133, 3001 (1984), and Brodeur, er al, Monoclonal Antibody Praduction Techniques and
Applications, pp.51-63 (Marcel Dekker, Inc., New York, 1987).

It is naw possible te produce transgenic animals {e.g. mice) that are capable, upan immunization, of producing a

'reper'mira of human antibodies in the absence of end i i fuction. Far exarmple, it has been

described that the humozygous deletion of the antibedy heavy chain jaining region {J,) gene in chimeric and germ-fine
mutant mice results in complete inhibition of endagenous antibody praduction. Transfer of the human germ-line

jmmunaglobulin gene array in such germdine mutant mice will result in the production of human antibodies upon
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antigen challenge. See, e.g. Jakahovits ot af, Proc. Natl. Acad. Sci. USA 90, 2551-255 (1993}; Jakebovits &f a7,
Nature 362, 255-258 (1993}
Mendez ef af. (Vature Benetics 15: 146-156 [1997}) have further impraved the technalogy and have generated

4 ling of ic mice desi d as "X \I" that, when with an antigen, generates high affinity
fully human antibodies. This was achieved by germ-line integration of megabase human heavy chain and light chain loci
into mice with deletian into endegenous J, segment as descrihed above. The Xenamause Il harbors 1,020 kb of human
heavy chain lacus containing approximately 86 Vy genes, complete Dy and J, regions and three different constant
regions (1, & and ), and alsu harbars 800 kb of human x lacus containing 32 Vic genes, Jic segments and Cic genes.
The antibodies produced in these mice closely resemble that seen in humans in all respects, including gere

" ot 3 :

rearrangement, assembly, and repertoire. The human antibodies are P over

antibodies due to deletion in endogenaus J, segment that prevents gene rearrangement in the murine locus.
Altemnatively, the phage display technolagy {(McCafferty ef af, Nature 348, 552-553 [1990)) can be used to

produce human antibodies and antibady f in vitra, from i in variable (V) domain gene repertoires

from uni ized donors. According to this technique, antibady Y domain genes are cloned in-frame into either a

major or minor coat protein gene of a filamentous bacteriaphage, such as M13 or fd, and displayed as functianal
antibody fragments on the surface of the phage particle. Because the filamentous particle contains a single-stranded
DNA copy of the phage gename, selections hased on the functienal properties of the antibody also result in selection of
the gene encoding the antibady exhikiting those properties. Thus, the phage mimics some of the properties of the B-
cell. Phage display ean be performed in a variety of farmats; for their review see, e.g. Johnson, Kevin 8. and Chiswell,
David J., Current Opinign in Structural Biclogy 3, 564-571 (1993). Several saurces of V-gene segments can be used
far phage display. Clackson er af, Nature 352, 624-628 (1991) isolated a diverse array of anti-oxazalone antibodies
from a small random combinatorial library of V genes derived from the spleens of immunized mice. A repertoire of V
genes from unimmunized human donars can be constructed and antibedies to a diverse array of antigens (including self-

antigens) can be isolated essentially fallowing the techniques described by Marks ef a/, J. Mol. Biol, 222, 531-587

{1991), or Griffiths er af, EMBO J. 12, 725-734 (1993). In a natural immune response, antihody genes accumulate
mutations at a high rate {somatic hypermutation). Some of the changes introduced will confer higher affinity, and B

cells displaying high-affinity surface i are t and dif iated during

antigen challenge. This natural process can be mimicked by empluying the technique known as “chain shuffling"
{Marks ef 2/, Bio/Technol. 10, 778-783 [1992]). In this methed, the affinity of "primary” human antibodies obtained

by phage display can be improved by sequentially replacing the hieavy and light chain V region genes with repertoires of

naturally oecurting variants (repertoires) of V dumain genes obtained from uni ized donors. This iques allows

the production of antibodies and antibedy f . with affinities in the nM range. A strategy for making very large
phage antibody repertoires {also known as “the mother-of-all libraries”) has been described by Waterhouse ef al,, Nucl,
Acids Res. 21, 2265-2266 (1993), and the isolation of a high affinity human antibody directly fram such large phage

library is reported by Griffiths ef af, EMBO J. 13: 3245-3260 (1994). Gene shuffiing can also be used to derive
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human antibodies from rodent antibodies, where the human antibady has similar affinities and specificities to the
starting rodent antibody. According to this method, which is also referred to as “epitope imprinting", the heavy or light
chain ¥ domain gene of radent antibadies abtained by phage display technique is replaced with a repertoire of buman ¥
domain genes, creating rodent-human chimeras. Selection on antigen results in isalation of human variable domains
capable of restaring a functional antigen-binding site, i.e. the epitope gaverns {imprints) the chaice of partner. When
the pracess is repeated in arder to replace the remaining rodent ¥ domain, a human antibedy is obtained (see PCT
patent application WO 83/06213, published 1 April 1893). Unlike traditi ization of rodent antibodies by

CDR grafting, this technique pravides letely human antibadies, which have no framework or CDR residues of
rodent erigin.

17 Bispecific antibodies

Bispecific dies are p y human or ibodies that have binding specificities

for at least two differsnt antigens. In the present case, one of the binding specificities is for the ErbB4 receptor to
provide an antagonist antibody, the other one is for any other antigen, and preferably for another receptor or receptor
subunit.

Metheds for making bispecific antibodies are knowm in the art. Traditionally, the recombinant production of
bispecific antibodies is based on the co-expression of two immunoglebulin heavy chain-light chain pai'rs, where the two

heavy chains have different specificities (Millstein and Cuello, Nature 305, 537-539 (1983)). Because of the random

assortment of immunoglobulin heavy and light chains, these hybridomas {quadromas) produce a patential mixture of 10
different antibody molecules, of which only ane has the correct hispecific structure, The purification of the correct
moleculs, which is usually done by affinity chromatagraphy steps, is rather cumbersome, and the product yields are
low. Similar procedures are disclosed in PCT application publication No. WO 93/08828 {published 13 May 1993), and
in Traunecker ef af., EMBO 10, 3655-3658 (1991).

According to a different and more preferred approach, antibody variable domains with the desired binding
specificities (antibody-antigen combining sites) are fused to immunoglobulin canstant domain sequences. The fusion
preferably is with an immunaglobufin heavy chain constant domain, comprising at least part of the hinge, CH2 and CH3
regions. It is preferred to have the first heavy chain cunstant region (CH1) containing the site necessary for light chain
binding, present in at least one of the fusions. ‘DNAS encoding the immunoglobulin heavy chain fusions and, if desired,
the immunaglobutin light chain, are inserted into separate expression vectars, and are co-transfected into a suitable
host organism. This provides for great flexibility in adjusting the mutual proportions of the three polypeptide
fragments in embodiments when unequal raties of the three palypeptide chains used in the construction provide the

optimum vields. [t is, hawever, possible to insert the coding sequences for twe ar all three polypeptide chains in one

expression vector when the on of at least two polypeptide chains in equal ratios results in high yields o when

the ratios are of no particular significance. In a preferred embodiment of this appraach, the bispecific antibodies are

t of a hyhrid i lobulin heavy chain with a first binding specificity in one arm, and a hybrid
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immunaglobulin heavy chain-light chain pair {providing a second hinding specificity) in the ather arm. It was found that

this asymmetric structure facilitates the separation of the desired bispecific from
chain combinations, as the presence of an immunoglabulin light chain in anly ene half of the bispecific molecule
praovides for a facile way of separatian.

For further details of generating bispecific antibodies see, for example, Suresh ef &/, Methods in Enzymology
121, 210(1986).

i} Heteroconjugate antitodies

Heterocanjugate antibodies are also within the scope of the present inventian. Heteraconjugate antibodies

are composed of two covalently joined antibodies. Such antibadies have, for example, been prupusﬁd to target immune
system cells to unwanted cells (U.S. Patent No. 4,676,980, and for treatment of HIY infection (PCT application
publication Nos. WO 91/00360 and W6 92/200373; EP 03088). Heterocenjugate antibodies may e made using any
convenient crass-linking methods. Suitable cross-linking agents are well known in the art, and are disclosed in U.S.
Patent No. 4,676,980, along with a number of cross-linking techniques.

fvitAntibody fragments

In certain embodiments, the ErbB4 antagonist antibody {including murine, human and humanized antihedies, and

antibody variants) is an antibody fragment. Various techni have heen loped for the productien of antibady

fragments. Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see, ..,
Morimota ef af, J. Biochem. Biophys. Mathods 24:107-117 (1992) and Brennan ef a/, Seience 228:81 (1885)).
Hawever, these fragments can now be produced directly by recambinant host cefls. For example, Fab'-SH fragments

can he directly from £, coli and icalty conpled to form Flab'), fragments {Carter ef af,, Bio/Technology

10:163-167 {1992)). In another embadiment, the F(ah'}, is farmed using the leucine zipper GCN4 to promate asserbly
of the Flab'), molecule. Accarding to another approach, Fv, Fab ar Flab'), fragments can be isolated directly from
recomhinant host cell culture. Other techniques for the production of antibady fragments will be apparent to the

skilled practitioner.

fvii}  Amino acid ssquence variants of antibodies

Amino acid sequence variants of the ErbB4 antagonist antibodies are prepared by intraducing appropriate
nucleotide changes into the ErbB4 antaganist antibody DNA, or by peptide synthesis. Such vatiants include, for
example, deletions from, and)ar insertions into andjor substitutions of, residues within the amino acid sequences of the
ErbB4 antagenist antihodies of the examples shown herein. Any combination of deletion, insertion, and substitution is
made to arrive at the final construct, provided that the final construct possesses the desired characteristics. The
amino acid changes also may alter post-translational processes of the humanized or variant ErtB4 antaganist antibody,

such as changing the number or positian of glycosylatian sites.
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A useful methad for identification of certain residues or regions of the ErbB4 receptor antibody that are

preferred locations for mutagenesis is called "alanine scanning is,” as described by i and Wells
Science, 244:1081-1085 (1989} Here, a residue or group of target residues ate identified {eg., charged residues
such as arg, asp, his, lys, and glu) and replaced by a neutral or negatively charged amino acid (mast preferably alanine
or palyalaning) to affect the interaction of the amino acids with ErtB4 receptur antigen. Those amine acid locations

te the itutions then are refined by intraducing further or other variants at,

or for, the sites of substitution. Thus, while the site for introducing an amine acid sequence variation is
predetermined, the nature of the mutation per se need not be predetermined. For example, to analyze the
perfarmance of a mutation at a given site, ala scanning or randam mutagenesis is conducted at the target codon or
region and the expressed ErhB4 antibody variants are screened for the desired activity.

Amino acid sequence insertions include amina- andjar carboxyl-terminal fusions ranging in length frara one
residus to polypeptides containing a hundred or more residues, as well as intrasequence insertions of singfe or
multiple amine acid residues. Fxamples of terminal insertions include a ErbB4 antagonist antibady with an N-terminal
methionyl residue or the antibody fused to an epitope tag. Other insertional variants of the ErhB4 antaganist
antihody melecule include the fusion ta the N- ar G-terminus of the ErbB4 antagonist antibedy of an enzyme or a
polypeptide which increases the serum half-life of the antihady.

Anather type of variant is an amino acid substitution variant. These variants have at least one amino acid
residue in the ErbB4 antagonist antibody molecule removed and & different residue inserted in its place. The sites of
greatest interest for substiftution mutagenesis include the hypervariable regions, but FR alterations are also

cantemplated. Conservative substitutions are shown in Table 1 under the heading of “preferred substitutions™. If

such substitutions result in a change in biological activity, then mare ial changes, i plary
substitutions™ in Table 1, or as further described below in reference to amino acid classes, may be introduced and the

products screened.

Tablel
Original Residue Exemplary Preferred
Ala(s) val; leu; ile vht
Arg(R) Lys; gln; asn Iys
Asn (N) gln; his; asp, lys; arg sln
Asp (D) glu; asn gl
Cys (C} ser; ala ser
Gln (Q) asn; gln asn.
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Glu (B) asp; gln. asp
Gly (G) ala ala
His (H) asn; gln; lys; arg arg
Ile (T} Teu; val; met; ala; leu

phe; norleucine
Leu (L) norlencine; ile; val; ‘ ile
met; ala; phe
Lys (K) arg; glo; asn arg
Met (M) leu; phe; ile leu
Phe (F) leu; val; ile; ala; tyr tyr
Pro (P) ala ala
Ser (3) thr thr
Thr (T} ser ser
Trp (W) Tyr; phe tyr
Tyr (Y) Tip; phe; thr; ser phe
Val(V) Tle; leu; met; phe; Ien
) ala; norleucine

Substantial modifications in the biological properties of the antibody are accomgplished by selecting
substitutions that differ significantly in their effect on maintaining (a) the structure of the pelypeptide backhene in
the area of the substitution, for example, as a sheet or helical confarmation, (b) the charge or hydrophebicity of the
malecule at the target site, or (¢} the bulk of the side chain. Naturally occurring residues are divided into groups
based on common side-chain properties:

(1) hydraphobic: norleucine, met, ala, val, leu, ile;

{2) neutral hydrophilic: cys, ser, thr;

(3) acidic: asp, glu;

{4) hasic: asn, gln, his, lys, arg;

{5) residues that influence chain orientation: gly, pro; and

{6) aromatic: trp, tyr, phe.

Non-conservative itutions will entail jing @ member of one of these classes for another class.
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Any cysteine residue not involved in maintaining the proper conf jan af the ErhB4 ist antibady
also may be substituted, generally with sering, to imprave the oxidative stability of the molecule and prevent aberrant
crosslinking. Conversely, cysteine bond(s) may be added to the antibody to imprave its stability (particularly where
the antibady is an antibady fragment such as a Fv fragment].

) A particularly preferred type of substitution variant involves subsfituting one or more hypervariable region
residues of a parent antibody {e.g. a humanized or human antihody). Generally, the resulting variant(s) selected for
further development will have impraved hiological properties relative to the parent antibody fram which they are

. A jent way for ing such variants is affinity maturation using phage display.

Briefly, several hypervariahle region sites {e.g. 6-7 sites) are mutated to generate all possible amino substitutions at

each site. The antibody variants thus generated are displayed in a fashion from fil phage
narticles as fusions ta the gene lll product of M13 packaged within each particle. The phage-displayed variants are
then screened for their biclogical activity {e.g. antaganist activity) as herein disclosed. In order to identify candidate
hypervariable region sites for modification, alanine scanning mutagenesis can be performed to identify hypervariable
vegion residues contributing significantly to antigen binding. Alternatively, or in addition, it may be beneficial to
analyze a crystal structure of the antigen-antibody cemplex to identify contact points between the antibody and ErbB

receptor. Such cantact residues and neighboring residues are candidates for i ding ta the techni

elahorated herein. Once such variants are generated, the panel of variants is subjected to screening as described
herein and antibodies with superfor properties in ane or more relevant assays may be selected for further
development.

Anather type of amine acid variant of the antibody alters the original glycosylation pattem of the antibody.
By altering is meant deleting one or more carbohydrate moieties found in the antibody, andfor adding ane or more
glycosylation sites that are not present in the antibody.

Elycosylation of antibodies is typically either N-linked ar O-inked. N-linked refers to the attachment of the
carbohydrate moiety te the side chain of an asparagine residue. The tripeptide sequences asparagine-X-sering and
asparagine-X-threonine, where X is any amino acid except proline, are the recognition sequences for enzymatic
attachment of the carhohydrate moiety to the asparagine side chain. Thus, the presence of either of these tripeptide

sequences in a polypeptide creates a potential gly ion site. O-linked gly ian refers to the of

ane of the sugars N-aceylgalactosamine, galactose, or xylose to a hydroxyamino acid, most commonly serine or
threoming, although 5-hydraxypraline or 5-hydroxylysine may alse be used.

Additian of glycosylation sites to the antibody is conveniently accomplished by altering the amino acid

sequence such that it contains one er mare of the ahove-described tripepti {for N-linked gly
sites). The alteration may alsa be made by the addition of, ar substitution by, one or mdre serine ar threanine
residues to the sequence of the ariginal antibody (for D-linked glycosytation sites).

Nucleic acid molecules encoding amina acid sequence variants of the ErbB4 antagonist antibodies are

prapared by a varisty of methods known in the art, These methods include, but are not limited to, isolation from a
35
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natural source {in the case of naturally oceurting amina acid seq variants} or ian by leotid;
mediated {or site-directed) is, PCR is, and cassette is of an earlier prepared vatiant or

a non-variant version of the ErhB4 antagonist antibody.

i Dther modifications of antibodies
The ErbB4 antagonist antibodies disclosed herein may alse be formulated as immunolipasames. Liposomes
containing the antibody are prepared by methods known in the art, such as described in Epstein af a/, Proc. Natl.
Acad. Sci, USA 82:3688 (1985); Hwang ef al, Proc. Nat/ Acad. Sci, USA 77:4030 (1880); and U.S. Pat. Nos.
4,485,045 and 4,544,545, Liposomes with enhanced circulation time are disclosed in U.8. Patent No. 5,013,556.
Particularty useful liposomes can be generated by the reverse phase evaporation method with a lipid
phosphati i and PEG-derivati h i ine (PEG-PE).

Lipasornes are extruded through filters of defined pare size to yield lippsomes with the desired diameter. Fab’
fragments of the antibody of the present invention can be conjugated ta the liposames as described in Martin et 5/, J.
Biol. Chem. 257:286-288 {1982) via a disuifide interchange reaction. A chemetherapeutic agent (such as
Doxorubicin) is optionally contained within the liposome. See Gabizon ef af, J, National Cancer [nst.81{19):1484
{1989).

The antibody of the present invention may alse be used in ADEPT by conjugating the antibady to a prodrug-
activating enzyme which converts a prodrug {&4., a peptidyl chemotherapeutic agent, see W081/01145) to an active
anti-cancer drug. See, for example, W0 88/07378 and U.S. Patent No. 4,975,278,

The enzyme component of the immunocanjugate useful for ADEPT includes any enzyme capable of acting on
a prodrug in such a way so as ta covert it into its mare active, cytotoxic form.

Enzymes that are useful in the method of this invention include, but are not limited to, alkafine phosphatase
useful for converting phosphate-containing prodrugs into free drugs; arylsulfatase useful for cenverting sulfate-
containing prodrugs inte free drugs; cytosine deaminase useful for converting non-taxic 5-fluorocytosine inte the anti-
cancer drug, 5-fluorouracil; proteases, such as serratia protease, thermolysin, subtilisin, carboxypeptidases and
cathepsins {such as cathepsins B and L), that are useful for converting peptide-containing prodrugs into free drugs; D-
alanylcarboxypeptidases, useful for converting prodrugs that contain D-amino acid substituents; carbohydrate-
cleaving enzymes such as -galactasidase and neuraminidase useful far converting glycosylated prodrugs into free
drugs; -lactamase useful for converting drugs derivatized with -lactams into free drugs; and penicillin amidases, such

as penicillin V amidase or penicillin 6 amidase, useful for canverting drugs derivatized at their amine nitrogens with

pt yacetyl or phenyl | groups, resp:

also known in the art as "ahzymes”, can be used to convert the pradrugs of the invention into free active drugs (see,

y, into fres drugs. Al ively, antibodies with ic activity,
&.4.. Massey, Natare 328:457-458 (1987)). Antibody-abzyme conjugates can be prepared as described herein far

delivery of the abzyme to a tumor cell population.
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The enzymes of this invention can be covalently hound ta the ErbB4 antagonist antibadies by techniques
well known in the art such as the use of the heterobifunctional crosslinking reagents discussed ahove. Alternatively,

fusion proteins comprising at least the antigen binding region of an antibady of the invention linked to at least a

functionally active portion of an enzyme of the invention can he d using ¢ binant DNA I well
known in the art (see, e.g., Neuberger & af., Nature 312:604-608 [1984)),

In certain embodiments of the invention, it may be desirable te use an antibody fragment, rather than an
intact antibady. In this case, it may be desirable to modify the antibady fragment in order to increase its serum half-
life. This may be achieved, for example, by incarporation of a salvage receptor binding epitape intu the antibody
fragment (e.g., by mutation of the appropriate region in the antibody fragment or by incarporating the epitope into a
peptide tag that is then fused to the antibody fragment at either end or in the middle, 2., by DNA or peptide
synthesis). See W096/32478 published Octaber 17, 1996.

The salvage receptor hinding epitope generally constitutes a region wherein any one or more amine acid
residues from ane or two loops of a Fc domain are transferred to an analogous position of the antibody fragment.
Even more preferably, three or more residues fram one or two leops of the Fc domain are transferred. Still more
preferred, the epitope is taken from the CH2 domain of the Fe region (e.g., of an Ig6) and transferred to the CH1,
CH3, ar Vy, region, or more than ane such region, of the antibody. Altemnatively, the epitape is taken from the CH2
domain of the Fc region and transferred to the G, region or V, region, or hath, of the antibody fragment.

Govalent modifications of the ErbB4 antagonist antibodies are also included within the scope of this
invention. They may be made by chemical synthesis or by enzymatic or chemical cleavage of the antibody, if
applicable. Other types of covalent modifications of the antibody are introduced inte the molecule by reacting targeted
amino acid residues of the antibady with an organic derivatizing agent that is capahle of reacting with selected side
chains or the N- or C-terminal residues. Exemplary covalent modifications of polypeptides are described in US Patent
5,534,815, specifically incorporated herein by reference. A preferred type of covalent modification of the antibody
comprises linking the antibody to one of a variety of nonproteinaceous polymers, eg., ﬁolvmhvlene glycal,

I lene glycol, or polyoxyalkylenes, in the manner set forth in U.S. Patent Nos. 4,840,835; 4,496,689;
4,301,144; 4,670,417; 4,791,192 or 4,178,337,

3. Preparation of soluble ErbB4 receptars
Soluble ErbB4 receptors, such an ErbB4 extracellular domain, can be prepared by culturing cells

or with a vector ining the encading nucleic acid. It is, of course, contemplated that

alternative methods, which are well known in the art, may be employed to prepare such soluble receptors. For
instance, the soluble receptor sequence, or partians thereaf, may be produced by direct peptide synthesis using solid-
phase technigues (see, e.g., Stewart et al., sypra; and Merrifield, sapra). In vitre pratéin synthesis may be performed
using manual techniques or by automation. Autamated synthesis may be accamplished, for instance, using an Applied

Biosystems Peptide Synthesizer (Foster City, CA) using manufacturer’s instructions. Various portions of the seluble
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receptor may he chemically synthesized separately and combined using chemical or enzymatic methods ta produce the
fulllength soluble receptar. ’

h

Recombinant production of soluble ErbB4 receptors is performed ially as described herei in

connection with immunoadhesins.

The most canvenient method for the [arge-scale production of soluble ErbB4 receptors is by cleavage from an
ErbB4-lg immunoadhesin. The structural similarity hetween immunoadhesins and antibodies suggested that it might be
possible to cleave immunoadhesins by prateolytic enzymes such as papain, to generate Fd-like fragments containing
the “adhesin” partion. In order to provide a more generic approach for cleavage of immuncadhesins, prateases which
are highly specific for their target sequence are to he used. A profease suitable for this purpose is an engineered
mutant of subtilisin BPN, which recognizes and cleaves the sequence AAHYTL. Intreduction of this target sequence
inta the support hinge region of an ErbB4-1gG (e.g. lg61) immunoadhesin facilitates highly specific cleavage between
the Fe and trk domains, The Ig61 immunoadhesin is purified by protein A chromatography and cleaved with an
immobilized form of the enzyme. Cleavage results in twe products; the Fe region and the ErbB4 region, which is
preferably an ErbB4 extracellular domain. These fragments can be separated easily by a second passage over a pratein
A column to retain the Fc and obtain the purified ErbB4 fragment in the flow-through fractions. A simifar appreach can

be used to generate a dimeric ErbB4 portion, by placing the cleavable sequence at the lower hinge.

4. Therapeutie Compasitions and Methods

The members of the ErbB family of receptors and corresponding ligands are involved in smooth muscle cell
proliferation in various organs. Accordingly, an ErbB4 receptar antagonist may be utilized for the treatment of a varisty
of "diseases or disarders” invelving smooth muscle cell profiferation in a mammal, such as a human,

In a preferred embodiment, the present invention concerns the use of ErbB4 receptor antaganists far the
treatment of cardiac diseases invalving praliferation of vaseular smoath muscle cells {YSMC) and leading to intimal
hyperplasia such as vascular stenosis, restenosis resulting from angioplasy or surgery ar stent implants,
atherasclerosis and hypertension (reviewed in Casterella and Teirstein, Cardiol. Aev. 7: 219-231 [1999]; Andres, /af. J/.
Mol. Med. 2: 81-89 [1998]; and Rosanic et al, Thromb. Haemost. 82 [suppl 1]: 164-170 [1999]). There is an intricate
interplay of various cells and cytokines released that act in autocrine, paracrine or juxtacrine manner, which result in
migratien of YSMCs from their normal lacation in media to the damaged intima. The migrated VSMCs proliferate
excessively and lead to thickening of infima, which results in stenesis or ocelusion of blaad vessels. The problem is
compounded by platelet aggregation and depusition at the site of lesion. o-thrambin, a multifunctional serine protease,
is concentrated at site of vascular injury and stimulates YSMCs proliferation. Fallowing activation of this receptor,
VSMCs produce and secrete various autocrine growth factars, including PDGF-AA, HB-EGF and TGF-B (reviewed in
Stouffer and Runge, Semin. Thromb. Hemeost. 24: 145-150 [1988]).

Various memhers of the EGF family play important roles in the normal growth and maintenance of bload

vessels as well as in pathalogical conditions. For example, heparin-binding EGF-like growth factor (HB-EGF) is a potent
38
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mitogen and a chemotactic factor for fibroblasts as well as VSMCs but not endothelial cells (reviewed in Raah and
Kiagshrun, Biochim. Biophys. Acta 1333: F179-199 [1997)). Vascular endathelial growth factor (VEGF), a powerful
angiogenic factor, induces the expression of HB-EGF in vascular endathelial cells {Arkanac o2 &/, J. Biol. Chem. 273:
4400-4405 [1998]), HB-EGF hinds to and activates HERT and ErbBA4 receptors initiating a signal transduction cascade
that ultimately results in migration and proliferation of fibroblasts and VSMCs. HB-EGF alsa stimulates VSMCs to
secrete vatious factors that are mitogenic for endothelial cells (Abramovitch sf af, FEBS Latt. 425: 441-447 [1998]).
Mareover, it alsa induces chemotactic respanse in endothelial cells. Similarly, another ligand that activates EGF
receptors, epiregulin, is secreted by VSMCs stimulated with angi in I, endothelin-1 and thromhin, and also acts as
a powerful mitogen for proliferation of VSMCs (Taylor et af, Proc. Natl. Acad. Sci. USA 96: 1633- 1838 [1999]).

Vascular stengsis gives rise to hypertension as a result of increased resistance to blood flow. Mareover,
decreased hlaod supply to the tissue may also cause necrasis and induce inflammatory response leading fo severe

damage. For example, myocardial infarction oceurs as a result of lack of oxygen and local death of heart muscle

tissues. F inal coronary angioplasy (PTCA), simply referred to as balloon angioplasty, is a nan-
surgical catheter-based treatment for obistructive coranary artery disease. In this method, a catheter is introduced in
the blood vessel and a balloon is inflated at the site of plague in order to mechanically disludge the plaque.
Alternatively, stent is implanted to restore smooth hlaed flow. However, neaintimal formation takes place even within
the implanted stent, known as "in-stent restencsis.” For example, stent deployment results in early thrombus

deposition and acute i ion, ion tissue and ulti smooth muscle cell proliferation and

extracellufar matrix synthesis (reviewed in Virmani and Farb, Cur. Opin. Lipidel, 10: 499-506 [1999]). Bypass surgery
is performed to get around the affected blood vessel only in severe cases, and usually only after multiple rounds of
angieplasty have failed in restaring blood flow.

Although balloon angioplasty has been used widely for the treatment of stenosis, its long-term success is
[imited by restenosis. Restenosis persists as the limiting factor in the maintenance of vessel patency after PTCA,
geeurring in 30-50% of patients and accounting for significant marhidity and health care expenditure. The underlying

of restenosis are ised of a combination of effects fram vessel recoil, negative vascular remodeling,

thrombus fi ion and neointimal hy) Impartantly, these events are i Far example,

hyperplasia is stimulated by growth factors, which are released hy local thrombi and the injured arterial segment itself,

and act to enhance the expression of other growth-stimulating proteins resulting in acute profiferative and

y For instance, endothelial injury induces ion of EGF, EGF-like factors and EGFR in

VSMCs, which act upan them in an autocring manner tg stimulate their profiferation lsading to intimal thickening and

restenasis. Extracellular matrix (ECM) fermation and accumulation in the vessel wall is another important campanent
of the restenosis lesion that develops after balloon angioplasty.

A multitude of pharmacological trials have been conducted in an attempt 1o prevent restenosis, hut mast

have demonstrated [ittle benefits. Early clinical trials in restenasis prevention using various revascularization devices,

ic drugs and anti-i y drugs were unifarmly negative (reviewed in Casterella
39
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and Teirstein, Cardial. Rev. 7: 219-231 [1989]; Andres, /a¢. J. Mol. Med. 2: 81-89 [1998]; and Rosanio ef a/, Thramb.
Haemost. 82 [suppl 1): 164-170 [1998]). Inspite of all the recent progress, there is still no satisfactary treatment for

stenasis ar prevention of is after balloon or stent img ion. Although limited success has been

achieved in small randamized trials, stenasis, and particularly restenasis, remains & major clinical prablem. The instant

invention discloses the use of ErhB4 receptor ists for the of stenosis or is by lling the
praliferation of vascular smooth muscle cells.

The scape of the present inventian, however, is not restricted to the disorders of the vascular smooth muscle
cells. The scope specifically includes any disarder that results from proliferatian of smooth muscle cells in any organ
and that involves an active role of ErbB4 receptors and/or carrespending ligands.

Infantile hypertrophic pyloric stenosis IHPS) is a relatively common disease that primarily affects young
infants. The underlying stenosis causes functional ebstruction of the pyloric canal. Consequently, gastric emptying of
milk is disturbed severely. IHPS invalves hypertrophy and hyperplasia of the pyloric smoath muscle mass and results in
pyloric stenosis (Oue and Puri, Pediatr. Res. 45: 853-857 [1999]). Furthermore, increased expression of EGF, EGF
receptor and HB-EGF has been reported in SMCs in pyloric circular and longitudinal muscle from IBPS patients as
compared to contral tissues (Shima ef af, Pediatr. Res. 47 201-207 [2000)). The antagonists of ErbB4 disclosed
herein may find use in the contral of pyloric smoath muscle cell proliferation and therefare in the treatment of pyleric
stenosis.

The centractile nature of smaoth muscle cells and regulation af their contraction by various factors play a
crucial role in the urinary collecting system including bladder, ureters and urethra. A membrane-bound precursor form
of HB-EGF is expressed in urinary bladder smoath muscle cells and epithelial cells (Freeman ef af, J. Olin. lavest. 99:
1028-1036 [1997]; Kaefer et &/, J. Urof. 163: 580-584 [2000]). Moreaver, treatment of bladder SMCs with diphtheria
toxin, which is knewn to utilize membrane-bound HB-EGF as a receptor, inhibited their proliferatian (Kaefer et al., ifid).
HB-EGF is a putent mitagen for bladder SMC proliferation, and it acts hy binding to ErbB1 (HER1) receptars expressed
ty these cells, thus acting as an autocrine growth factor (Borer ef af, Lab favest. 79: 1335-1345 [1999]). The authors
also demonstrated the expression of ErhB2 and ErbB3 but nat ErbB4 receptors on biadder SMCs. These findings raise
the possihility that HB-EGF plays a role in the bladder wall thickening that occurs in response ta abstructive syndromes
affecting the lower urinary tract. Therefore, ErbB4 antagonists of the instant invention, particularly ErbBA4
immunoadhesin, may prove useful in controlling praliferation of bladder smoath muscle cells, and consequently in the
preventian ar treatment of urinary abstructive syndromes.

The abstructive airway diseases are yet another group of diseases with underlying pathology involving
smooth muscle cell proliferation. One example of this group is asthma which manifests in airway inflammation and
firanchocanstriction. EGF has been shown to stimulate proliferation of human airway SMCs and is likely to be one of
the factors invalved in the patholugical proliferation of airway SMCs in obstructive airway diseases (Cerutis et 2/, Am.
J. Physiol, 273: L10-15 [1997]; Cohen of af, Am. J. Respir. Cell. Mal. Biol. 16: 85-90 [1897]). Accordingly, the ErbB4

antagonists of the present inventian may be used for the treatment of sbsiructive aiMay diseases.
40
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There are two major approaches to intraducing the nucleic acid {optianally contained in a vector) into the

patient's cells; iz viva and ex vive. For i vive delivery the nucleic acid is injected directly inte the patient, usually at

" the site where the chimeric heteroadhesin is vequired. Far gx vive treatment, the patient's cells are removed, the

nucleic acid is intraduced inta these isolated cells and the modified cells are administered to the patient either directly
or, for example, encapsulated witfin porous memhbranes which are implanted into the patient (see, e.q. U.S, Patent
Nos, 4,892,538 and 5,283,187).

There are a variety of techniques available for introducing nucleic acids into viable eells. The techniques vary
depending upon whether the nucleic acid is transferred into cultured cells /2 vitro, or iy vive in the cells of the intended
host. Techniques suitahle for the transfer of nucleic acid inte mammalian cells 47 vitra include the use of liposemes,
electraparation, microinjection, cell fusion, DEAE-dextran, the calcium phosphate precipitation method, etc.

A commonly used vector for ex’ vivo delivery of the gene is a retrovirus. The currently preferred in vivo nucleic
acid transfer techniques include transfection with viral vectors (such as adenovirus, Herpes simplex | virus, or adeno-
associated virus) and lipid-based systems {useful lipids for lipid-mediated transfer of the gene are DOTMA, DOPE and
DC-Chol, for example). In some situations it is desirable to provide the nucleic acid source with an agent that targets
the target cells, such as an antibody speeific for a cell surface membrane pratein or the target cell, a ligand for 2
receptar on the target cell, etc. Where liposomes are employed, preteins which bind to a cell surface membrane pratein
associated with endocytosis may be used for targeting and/or to facilitate uptake, e.g. capsid proteins or fragments
theraof tropic for a particular cell type, antihadies for proteins which undergo internalization in eycling, and proteins
that target i llular localization and enhancs i half-life. The technigue of receptor-mediated endocytosis
is descritied, for example, by Wu o¢ al., J. Biol. Chem. 262:4429-4432 (1987); and Wagner et al., Prac. Natl. Acad. Sci.
USA 87:3410-3414 (1990). For review of the currently known gene marking and gene therapy protocols see Andersan
et al,, Science 256:808-813 {1992). See also WO 93/25673 and the references cited therein,

Therapeutic farmulations are prepared for storage hy mixing the ErbB4 antagonist having the desired degree

§F

of purity with optional physiologically acceptable carriers, excipients, ar

Sciences, 16th Edition, Osal., A., Ed., (1380]), in the form of lyophilized cake or aqueous solutions. Pharmaceutically

CaITiers, Bxtipi or stahilizers are non-toxic ta recipients at the desages and concentrations employed,

and include buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low
molecular weight (less than ahout 10 residues) polypeptides; proteins, such as seum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amina acids such as glycine, glutamine,
asparagine, arginine or lysine; menasaccharides, disaccharides, and other carbohydrates including glucose, mannose, ar
dextrins; chelating agents such as EDTA; sugar alcshols such as mannitol er sorbitol; salt-forming counterions such as
sodium; andfor nanionic surfactants such as Tween , Plutenics , or polyethylene glycal (PEG).

An antibody or an immunoadhesin to be used for /7 vive administration must be sterle. This is readily
acmmp[isﬁad by filtration thraugh sterile filiration membranes, prior to or following lyophilization and reconstitution.

The formulation ardinarily wifl be stored in Iyaphilized form or in solution.
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Therapeutic compasitians are generally placed into a container having a sterile access port, for example, an

intravenous solution bag or vial having a stopper pierceahle by a hypodermic injection needle.

dhesin or chimeric k dhesin admini is in accord with knawn

The route of antibody, i
methods, ey., injection or infusion by intravenous, intraperitaneal, intracerebral, intramuscular, intraccular,
intraarterial, or intralesional routes, or by sustained-release systems as noted below. The heteroadhesin ar antibody is
administered continuously by infusion or by helus injection.

Suitable les of ined-release p fons include

matrices of solid hydrophobic
polymers containing the protein, which matrices are in the form of shaped articles, e.g., films, or microcapsules.
Examples of sustained-release matrices include polyesters, hydrogels (e.g., poly(2-hydrexyethyl-methacrylate} as
described by Langer ef al,, J. Biomed. Mater. Res., 15:167-277 (1981) and Langer, Chem. Tech., 12:98-105 {1982} or
paly(vinylaleahal)), polylactides (U.S. Patent No. 3,773,919, EP 58,481, copalymers of L-glutamic acid and gamma
ethyl-L-glutamate (Sidman ez af, Biopolymers, 22:547-556 (1983)), non-degradable ethylene-vinyl acetate {Langer ef
ol supra), degradable lactic acid-glycolic acid copolymers such as the Lupron Depot ({injectable microspheres
composed of lactic acid-glyealic acid copolymer and leupralide acetate), and poly-D-(--3-hydroxybutyric acid (EP
133,988).

release ErbB4 ist also include [i Il i drug. Lipasomes containing ErbB4

antagonist are prepared by methods known per se: Epstein af af, Proc. Natl. Acad. Sci. USA 82:3688-3682 (1985);
Hwang f &/, Prac. Natl. Acad. Sci. USA 77:4030-4034 {1980); EP 52,322; EP 36,676; EP 88,046; EP 143,949; EP
142,841; Japanese patent application 83-118008; U.S. Patent Nos. 4,485,045 and 4,544,545; and EP 102,324,
Ordinarily the liposomes are of the small {about 200-800 Angstrams) unilamellar type in which the [ipid content is
greater than about 30 mel. % cholesteral, the selected proportion being adjusted for the eptimal therapy. Particularly
useful lipasomes can be generated by the reverse phase evaporation method with a lipid composition comprising
phasphatidylchaline, cholesteral and PEG-derivatized phosphatidylethanolamine (PEG-PE). Liposames are extruded
through filters of defined pore size to yield lippsomes with the desired dameter. A chemotherapeutic agent (such as
Doxorubicin) is optionally contained within the liposome. See Gabizen ef /. J. Mational Gancer Inst. 81(19):1484
{1989).

The ErbB4 antaganist of the invention may be used to bind and sequester ErbB4 ligand or block ErbB4
receptar therehy inhibiting ErbB4 activation in the cell and inhibit cell profiferation. The ErbB4 antaganist of the

invention may be administered to a patient along with other therapy such as a chemotherapeutic agent. Preparation

and dasing for such ic agents may be used ing to i jons or as

i ined empirically by the skilled practiti F ion and dosing for such chemotherapy are also

descrited in Chemotherapy Service Ed., M.C. Perty, Williams & Wilkins, Baltimare, MD {1392). The chematherapeutic

agent may precede, ar follow administration of the ist or may be given si therewith.

An effective amount of antagonist to be employed therapeutically will depend, for example, upen the

h iv objectives, the route of administration, and the condition of the patient. Accordingly, it will be necessary
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for the therapist to fiter the dosage and modify the route of administration as required to obtain the maximum
therapeutic effect. A typical dosage might range from about 1 g/kg to up to 100 mglkg of patient bady weight,
preferably about 10 g/kg to 10 mgfkg. Typically, the clinician will administer antagenist until a dosage is reached that

achieves the desired effect for treatment of the above mentioned disorders.

5, Mathods far identification of malecules that inhibit or enhance the

praliferation ar migration of smooth muscle cells
The present invention discloses a methad of screetting to identify molecules that can inhibit or enhance the

molecule is i with a i ising the

proliferation of smooth muscle cells. For example, a
extracellular domain of an ErhB4 receptor, followed by adding to a culture of smoath muscle cells and determining the
effect on the proliferation of cells. The ErbB4 receptor may be a native ErbB4 receptor such as a human ErhB4
receptar, or may be a palypeptide having at least 85% sequence identity with the amino acid sequence of a native
ErhB4 receptor. The cell proliferation can be monitored and quantitated in a number of ways. For instance,
incorporation of *H-thymidine inta DNA is a well-established method to manitor cellular DNA synthesis indicative of cell
proliferation. The incorporation of *H-thymidine into DNA is monitored either microscopically by counting the number of
silver grains in an autoradiograph or biochemically by liguid scintillatipn counting. Similarly, incorporation of 5-brome

2"-deoxyuridine (BrdU) into celtular DNA can be manitored either mi ically or i ically. Bath assays

utifize highly specific monaclonal antibodias that recognize BrdU incarparated into DNA. In the microscapic assay, the
cells are permeahilized, reacted with Brdl specific monoclonal antibedies followed hy labeled secondary antihodies.
The secandary antibodies are detected hy virtue of an attached label such as a fluorescent dye (fluorescein
isathiocyanate (FITC), rhodamine, Texas Red etc) or an enzymatic label (alkaline phosphatase, horseradish peroxidase
etcl. A suitable substrate that produces an insoluble praduct upen enzymatic action is then used to reveal and
quantitate the enzyme labeled secondary antibodies. An enzymatic assay monitors the amount of BrdU specific

by a suitable i such as ELISA. The manoclenal antibadies specific far BrdU as well

as ELISA kits containing such antibodies are available commercially from a number of sources including Boehringer
Mannhsim. A flow cytemetry can also be used fo monitor cell profiferation. In this method, cells are fractionated based
on the nuclear DNA content per cefl. Since the nuclear DNA content varies among cells undergoing division depending
on the phase of cell cycle (2n in G1 phase, 4nin G2+ M phase and intermediate value in S phase, wherein n is the value
of haploid nuclear DNA content), cell proliferation can be rapidly menitored by estimating the fraction of cells in S and
62+M phases using this approach.

Since EcbBd-dependent proliferation of smooth muscle cells involves ligand-mediated signal transduction
pathway utilizing ErbB4 receptar, any step in this pathway can be monitored and used as a measure of cell prafiferation.
One such step is a ligand-induced tyrosine autaphosphorylation of ErbB4 receptor, which can he monitored by the kinase
receptor activation (KIRA) assay as described in W095/14930. This ELISA-type assay is suitahle for qualitative or

guantitative measurement of kinase activation by measuring the autophespharylation of the kinase damain of a receptor
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protein tyrosine kinase such as ErbB4. The first stage of the assay involves phaspharylation of the kinase domain of

£1bB4 receptor present in the cell membrane of @ smooth muscle eell. Typically, a first salid phase le.g., a well of a first

assay plate) is coated with a of smooth muscle cells. Being adherent cells, the
smooth muscle cells adhere naturally to the first solid phase. One can also use smosth muscle cells transfected with a
“receptor censtruct” that comprises a fusion of a kinase receptor and a flag polypeptide. Antihodies specific for flag
polypeptide are used in the ELISA part of the assay to capture the recepter with flag peptide. A candidate moleculs and 2

pelypeptide comprising the lar domain of a native ErbB4 receptor are then added to the wells containing smosth

muscle cells, followed by manitering tyrasine hospharylation of ErbB4 receptar by the KIRA assay. A polypeptide

comprising an amine acid sequence having at least 85% sequence identity with the amina acid sequence of the
extracellular domain of ErbB4 receptor can also be used in the assay. Follawing exposure, the smooth muscle cells are
solubilized using a lysis buffer (which has a solubilizing detergent therein) ani gentle agitation, thereby releasing celt lysate
which can be subjeméd ta the ELISA part of the assay directly, without the need for concentration or elarification of the
cell lysate.

The cell lysate thus prepared is then subjected to the second (ELISA) stage of the assay. As a first step in the
ELISA stage, a second solid phase (usually a well of an ELISA wicratiter plate) is coated with a capture agent [often a
capture antibody) which binds specifically ta ErbB4 receptor ar, in the case of a receptor construct, to the flag polypeptide.
Caating of the second solid phase is carried out so that the capture agent adheres ta the second salid phase. The capture
agent is generally a monoclanal antibody but polyclonal antibodies may also be used. The cell lysate obtained is then
exposed to, or contacted with, the adhering capture agent so that the receptor or receptor construct adheres to (or is
captured in} the second solid phase. A washing step is then carded out, sa as to remove unbound cell lysate, leaving the
captured receptor or receptor construct. The ad'hering or captured receptar or receptor construct is then exposed to, or
contacted with, an anti-phosphotyrosine antibody which identifies phospharylated tyrosine residues in the tyrosine kinase

receptor. In the preferred embodi the anti osine antibody is eanj i {directly or indirectly) to an

enzyme which catalyses a color change of a non-radicactive calor reagent. Accordingly, phospharylation of the receptor
can be measured by & subsequent coler change of the reagent. The enzyme can be bound to the anti-phosphatyrasine

antihody directly, or a conjugating moleculs {e.g., biotin) can he conj d to the anti ine antibody and the

enzyme can be bound ta the anti ine antibody via the canjugating moelecule. Finally, binding of

the anti-phasphatyrosine antibody to the captured receptor or receptor cunstruct is measured, £.4., by a colar change in the

color reagent. Anti-ph that are ially available can be used for the assay.

The instant invention alsa pravides for @ method for screening of molecules which can inhibit or enhance

migratien of smooth muscle cells. One of the formats utilizes a compar I is cell culture chambers such
as Neuroprobe ChemaTX chemotaxis chambers available from (Neuraprobe Inc., Gaithersturg, MD). In this method, &
poraus filter separates smoath muscle cells in the upper chamber from a medium containing a chemoattractant {e.g.

thrombin) in the lower chamber. Smooth muscle cells are incubated with a candidate molecule and a polypeptide
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comprising the extracellular domain of an ErbB4 receptar. At the end of incubation periad, the filters are stained and

smooth muscle cells that have migrated ta the bottam of the filter are counted using an inverted microscope.

A ional library or a combinatorial library of chemical compaunds can be used for sereening purpose.
An automated approach adapted for high thraughput can be cunveniently used for the assay. However, the screening

even such as antibodies can be used for the

assays are nat icted only to small

sereening.

EXAMPLES
The following examples are offered by way of iflustration and nat by way of limitation. The examples are
provided so as to provide those of ordinary skill in the art with a complete diselosure and description of how to make
and use the compounds, campositions, and methads of the invention and are not intended to fimit the scepe of what
the inventars regard as their invention. Efforts have been made to insure accuracy with respect to numbers used {e.g.
amaunts, temperature, etc.) but some experimental errors and deviation should be accounted for. Unless indicated
otherwise, parts are parts by weight, temperature is in degrees G, and pressure is at or near atmospheric. The

disclosures of all citations in the specification are expressly i i herein by ref

Example 1: Construction, isolation and bischemical characterization of immunoadhesins and chimeric

heteromultimer immunaadhesing

A unique Miu | site was engineered into a plasmid expressing human Ig6 heavy chain {pDR, a gift from J.
Ridgeway and P. Carter, Genentech, Inc.) at the regian encoding the hinge domain of the immunoglobulin. Mlu | sites
were alse engineered into a set of ErbB4 expression plasmids at the region enceding the ECD/TM junctions of these
receptors. All mutagenesis were performed using the Kunkel method (Kunkel, T., Proc. Natl. Acad. Sei. U.S.A. 82:488
(1985)). The Miu sites were utilized to make the iate ErbB4-1g6 fusion The fusion junction of the
ErbB-lg6 chimera was: 6% g, -{TRMDKTH™ , where the aming acid numbering of the ErbB4 polypeptide is described
in Plowman ef af, {Plawman, G.D. et af,, (1993a) PNAS USA 80:1746-1750) The conserved TR sequence is derived

from the Miu | site. The sequence of the F¢ region used in the preparation of the fusion constructs is found in Ellisan,
JW. er ol (Elison, J.W. ef o/ (1982) NAR 10:4071-4079). The final expression constructs were in a pRK-type
plasmid hackbone wherein eukaryotic expression is driven by a CMV promoter (Gorman ef 2/, DNA Prot. Eng. Tech.
2:3-10{1980).

To obtain protein for iz vitra expesiments, adherent HEK-283 cells (ATCC No. CRL-1573) were transfested
with the expression plasmid using standard calcium phosphate methads (Garman st af, supra and Huang ¢ af, Nucleic

Acids Res. 18:037-947 (1990)). Serum-containing media was replaced with serum-free media 15 hours post-

and the d cells i for 57 days. The resulting conditioned media was harvested and

passed through Protein A columns {1 mL Pharmacia HiTrap ). Purified IgG fusions were eluted with 0.1 M eitric acid
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{pH 4.2) infa tubes containing 1 M Tris pht 9.0, The eluted proteins were subsequently dialyzed against PBS and
concentrated using Centri-prep-30 filters (Amicon). Glycerol was added fo a final concentration of 26% and the
material stored at -20 C. Concentrations of material were determined via a Fe-ELISA

| HRG Binding Assay

The EGF-like domain of HRG 1y177,0 Was expressed in £ cof, purified and radiciodinated as described
previaushy {Siwkowski, M. ez a/ J. Biol. Chem. 269:14661-14665 (1394)). Full-length rHRG 1, which was expressed
in Chinese hamster avary cells, was used in Western blot analysis. Binding assays were performed in Nunc breakapart
immuno-module plates. Plate wells were coated at 4 C overnight with 100 [ of 5 gfm! goat-anti-human antibody
{Boehringer Mannheim) in 50 mM carbenate buffer (pH 9.6). Plates were rinsed twice with 200 [ wash huffer (PBS/
0.05% Tween-20) followed by a brief incubation with 100 1% BSA| PBS for 30 min at room temperature. Buffer
was removed and each well was incubated with 100 [1gG fusion protein in 1% BSA] PBS under vigarous side-to-side
rotation for 1 haur. Plates were rinsed three times with wash buffer and competitive binding was carried out by
adding various amounts of cold competiter -HRG and "-HRG 1 and incubating at room temperature for 2-3 hours
with vigorous side-to-side rotation. Wells were quickly rinsed three times with wash buffer, drained and individual
wells were counted using a 100 Series Iso Data -counter, Scatchard analysis was performed using a modified Ligand
pragram {Munsen, P. and Robard, D. (1980) Analytical Biochemistry 107:220-239).

H-Thymiding fncorporation assay

Tritiated thymidine incorporation assays were performed in a 96-welt format. MCF7 cells were plated at
10,000 cellsiwelf in 50:50 F12/BMEM (high glucose) 0.1% fetal calf serum {100 rol}. Cells were allowed to settle for 3
hours, after which ErbB4-lgG fusion proteins and)ar heregulin were added to the wells (final volume of 200 ml) and the
plates incubated for 15 hours in a 37 °C tissue culture incubator. Tritiated thymidine was added ta the wells {20 ml of
1/20 diluted tritiated thymidine stock: Amersham TRA 120 B363, 1 mCijml) and the plates incubated a further 3
hours. Tritiated material was then harvested onta GF/C unifilters (36 well fonmat) using a Packard Filtermate 196

hatvester. Filters were counted using a Packard Topcount apparatus.

Example 2: Effect of ErhB4-1gG immunoadhesin on human aortie smoath muscle cell proliferation
Human aortic smogth muscle cells (Clonetics) were seeded at ahout 50% canfluent density (5000 cells/well)

in 96 well tissue culture plates and incubated overnight in SM2 media {Clenetics). Next day, the media was changed ta

M199 supplemented with ITS (1X), 2 mRA L-glutamine, 50 pgiml ascarbic acid, 26.5 mM NaHCO03, 100 Ufml penicillin,
100 Ujmi streptoraycin and 0.1% {v/v) fetal bovine serum. The cells were further incubated for 16 h. The cells were
then treated with sither Her4-gB {400 M} or buffer for 1 h, followed by treatment with PDGF {100 ng/mf) fer 40 h.
Control cells were [eft untreated ta estimate the hasal level of call growth. An aliquot of Brdl {10 pljwell of a 10 uM
solution of 5-bromo 2'-deoxyuridine prepared in PBS) was added and the cells were incubated for an additional 2 h. Cell
praliferation was menitared by quantitating BrdU incorporatian using BrdU ELISA (Cell proliferation kit, Boehringer

mannheim, Catalog No 1 647 229} following manufacturer's instructions for adherent cells.
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As shown in Figure 5, PDGF stimulated growth of aertic smooth muscle cells in agreement with earfier
reports (Ross &t af,, Philes. Trans. R. Sec. Lond, B Bial, Sci. 12: 155-169 [1990)). Pre-treatment of cells with ErhB4-
106 immuncadhesin reduced the extent of PDRF-stimulated proliferation of cells. Gontral cells treated with buffer in
place of ErbB4-IgG did not show any significant effect on cell proliferation. These data indicate that at least part of
the mitatic respanse of smoath muscle cells is mediated by the activation of the ErbB4 receptor, and removal of
ligands which would activate the ErbB4 receptar with the ErbB4 immuncadhesin reduces smoath muscle cell

proliteration in response to PDGF.

Example 3; Effect of ErhB4-Ig6 immunoadhesin on human aortic smaeth muscle cell migration
Human aortic smaoth muscle cells were trypsinized and resuspended at a concentration of 5 x 10° cells per

ml in BME containing 10% FBS. Cells were pre-incubated with Herd-lgG (400 nM) or kuffer for 15 min. The lower
wells of ChemoTX chemotaxis chambers (Neuroprobe Inc., Cat 116-8) were filled with 300 pl of a solution of 2 Ujml
hurman thrambin er buffer (PBS) negative contral. A filter was mounted on top of the chamber and the smooth muscle
calls (buffer or ErbB4 treated) were added ta the top wells in a valume aof 50 pl. The plate and filter were covered with
the clear plastic lid and incubated for 3 h at 37° C in humidified air with 5% CO,. At the end of the incubation, filters
were removed and the top sides were wiped with a 0-tip to remove any remaining cells. The filters were stained with
Dif-Quick staining salution and the oumber of cells migrated to the hottam of the filter were counted using an inverted
phase microscope. Six wells in each group and 40 fields in each well were counted.

As shown in Figure 8, thrombin acted as a chemotactic stimulus and induced migration of aortic smooth

muscle cells. ErbB4-IgG i in inhibited thrombin-sti cell migration. These data indicate that at least
part of thrombin's ability to stimulate smoath muscle cell migration is mediated by the release of ligand(s) for the
ErbB4 raceptor, and that the remaval of these ligands with the ErbB4 immunocadhesin reduces the chemotactic

response ta thrombin

Example 4: Production and Charaeterization of Anti-ErbB4 Manoclonal Antibodies

Generation of anti-ErhBA Mabs

damain of ErbB4 were

A panel of 34 murine ibodies which specifically bind the ex
produced using conventional hybridoma technalegy (Table 2). Total cellular RNA was extracted from MDA-MB-453
cells and used as a template in BT PCR to generate the human ErbB4 extracellular domain (ECD) coding sequence.
Specific ofigenucleatides used in the RT PCR reactions were synthesized on the basis of the ErbB4 DNA sequence. A
DErbB4 ECD fusian protein was constructed by ligating the coding sequences for aming acids 1-52 of herpes simplex
virus type 1 glycoprotein D to the sequences encoding aming acids 26-640 of human ErbB4. The gDErbB4 ECD cDNA
was inserted into the cytemegalovirus-based expression vector pRKS. This construct was transiently transfected into

human embryanic kidney 293 cells using a standard calcium phosphate precipitation protacal.
47

JP 2004-507559 A 2004.3.11



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

15

20

25

30

35

(113)

WO 02/18444 PCT/US01/26984

An affinity eolumn was prepared by eoupling the anti-gD monoclanal 586 to CNBR sepharose (Pharmacia
LKB Biotachnology, Uppsala Sweden). Supernatant from gDErbB4 ECD transfected 293 cells was concentrated 20-40
fold on a ym30 membrane (Amicen, Beverly MA) and loaded onta the affinity resin. The column was washed with PBS
and the receptor was eluted with 100 mM acetic acid/500 mM NaCl pH 2.4. The ErbB4 ECD was butfer exchanged
into PBS and Protein ion was d ined by 0D280.

Balbje mice were immunized with approximately 5. g of ErbB4 ECD in RIBI MPL + TDM + CWS Emulsion

(RIB} ImmunoChem Research Inc., Hamilton, MT) in their rear footpads on weeks G, 1, 2 and 3. The immunized mice
were tested for an antibody respanse by ELISA. The mice with the highest titers were given an additional 5 g of
ErbB4 ECD in RIBI during week 4. Three days later, the lymphocytes from the popliteal and inguinal nodes were fused
with meuse myeloma line X63-Ag8.653. Fused cells were plated at a density of 200,000 cells per well in §6-well
tissue culture plates and hybridoma selection using HAT media supplement (Sigma, St. Louis, M0) began one day past
fusion. Beginning on day 10, the hybridoma supernatants were screened for the presence of ErbB4 specific antibodies
using a radioactive capture assay as described helow. Stable antibedy producing clanes were obtained by limiting
dilution and large quantities of specific Mabs were produced in ascites. The antibodies were purified on protein A-
Sepharose colimns (Fermentech, Inc., Edinburgh, Scetland) and stored sterile in PBS at 4°C.

In the radioactive capture assay, Maxisorp breakapart modules (Nunc, Roskilde, Denmark) were coated with

100 | of 2 giml goat anti IgG {Boghri Mannheim) overnight at 4 C. The plates were washed with
PBS/0.5% Tween 20 (PBST), blocked with ELISA diluent (PBS/0.5%BSA/0.05% Tween 20) and incubated with
manaclonal supernatants for 2 hr at ambient temperature. The plates were washed and incubated for an additional

hour with 40,000 counts/ well of [125]/ErbB4 ECD. After washing, the amount of EriB4 bound to the antibodies was

determined by counting the wells on @ Wallac 1277 GammaNMaster (Wallac Inc, Gaithershurg, MD).

The 34 anti-ErbB4 monaclonal antibodies produced by this method (Table 2) have a high affinity for the
Teceptor, exhihit a diversity of isotypes and are directed to 18 distinct epitopes an the ErbB4 ECD. Isotypes of the
antibodies were determined using a Mouse MonoAb IDJSP isatyping kit from Zymed {So. San Francisce, CA), follawing

supplier's instructions.

Testing the specificity of anti-ErbB4 antibodies

The specificity of the Mahs was determined in an ELISA measuring their ability to hind immobilized HERZ,
HER3 and ErbB4 extracellular domains (amino acids 1-645, 1-617 and 1-640 respectively). ECDs were coated on
ELISA plates at a concentration of 1 giml and incubated with biotinylated anti-ErbB4 Mabs. Bound Mabs were
detected using streptavidin peroxidase (Sigma, St. Louis, M0) and the substrate OPD (Sigma, St. Lauis, MO). As can
he seen in Table 2, nearly all of the antibodies produced were highly specific for ErbB4 {indicated by a 4‘ in the column
labeled ‘Specificity’). Four of the antibodies showed some hinding ta HER3 (indicated by a ‘3" in the column [aheled
“Specificity’)-
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Epitope mapping and characterization

The ErbB4 epitope bound by each of the
analysis (Fendly ef af. Cancer Ressarch 50:1550 -1558 (1990)). The anti-ErhB4 Mabs were diluted to a cancentration
of 25 glml in ELISA diluent and 50 ] was added to an ELISA plate preceated with gDErbB4 ECD as above. The plates
ware incubated at room temperature for 2 hours and washed with PBST. Dilutions of biotinylated anti-ErbB4
antibodies ranging fram 1:1,000 to 1:10,000 were prepared and 50 | was added te the assay plate. Fallowing a one-
hour roem temperature incubatian, the plates were washed and 50 1 of a 1:5000 dilution of streptavidin peroxidase
(Sigma) was added. The plates were developed using OPD (Sigma). The anti-ErhB4 Mabs were grouped inta epitapes

based an their ability ta block binding of the others hy 50% or greater in comparisan to an irrelevant Mab control. The
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was

relative epitope mapping identified 17 distinct epitapes, identified in Table 2as A- Q.

The af nine rep were i i further.
Table 2 Summary table of anti-ErbB4 monoclonals
Mab Isotype Epitope Specificity
41440 T8G2b, x B I3
4-1441 IgGl, « T 4
4-1459 IgG2a, © D 4
4-1460 IgGl,x C 4
4-1461 IeG2a, k E 4
4-1462 1gGl, « [} 4
4-1463 IgG2a, « D 4
4-1464 IgG2b, C 4
4-1465 IgG2a, « L 3,4
4-1472 1gG2a, « M 4
4-1473 IgG2a, « F 4
4-1474 IgG2b, © G 4
4-1475 1gG2b, 1 P 4
4-1476 1gG2a, x K 4
4-1477 TgG2a, x Q 4
4-1478 IgG2a, x I 4
4-1479 18G2a, k D 4
4-1481 IgG2a, x " 3,4
4-1482 TeG2b, k H 4
4-1483 IgGlx R 3,4
4-1484 1261, ¢ E 4
4-1485 IgG2a, © F 4
4-1491 G2, x <} 4
4-1492 IgG2b, x A 4
4-1493 TgG2B, « A 4
4-1494 IgG2b, x B 4
4-1495 12G2b, A 4
4-1496 IgGl, A 3,4
4-1497 IgGl, x N 4
4-1498 IgG2b, ¢ E 4
4-1535 IgG2b, x B 4

4

by competitive binding
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4-1536 TgG2b, A 4
4-1537 18G2b, B 4
4-1543 TgG2a, x o 4

Determination of Binding Affinity.

The relative affinities of the anti-ErbB4 Mabs were determined according to the methed described by Friguet
et a/. {J Immunol Methods. 77(2):305-19 (1985)). Various cancentrations of the ErbB4 ECD (1.1 X 107 M 10 1.08 X
10-10 M) were mixed with a canstent concentration of anti-ErbB4 Mab (2.08 X 10°10 M) and incubated avernight at
4°C. Following incubation, the unbound Makis were assayed by adding 100 [ of the reaction mixture in duplicate to
microtiter plates (Nunc) previously coated with gDErbB4 ECD (100 (jwell at a concentration of 1 gfml in 0,05M
carhanate buffer, pH 9.6 far 16 hr at 4°C) and incubated for 1 hour at room femperature. After washing with PBST,
the bound Mahs were detected by adding 100 1} well of a 1:5000 dilution of goat anti-mouse Flab'ly peraxidase
(Boehringer Mannheim) for ane hour- at room temperature. The plates were developed using e-phenylenediamine
dihydrochloride substrate (OPD, Sigma, St. Louis, M0) and read on a platereader.

The Mabs all showed high affinity hinding, with Kd's ranging from 0.4 to 12 nm as presented in Table 3.

Non-reducing Immuoblot

The ability of the anti-EriB4 Mabs to hind reduced and non-reduced ErbB4 ECD was tested by immunsbiot
analysis. ErbB4 ECD was added to tricine sample huffer, with and without BME, and applied to a 10-20% Novex
tricine gel (Novex, San Diego,CA). The gel was run at 100V and electroblotted for 80 min. at 0.5 amp onte a PVDF,
Immabilan P, membrane (Millipere, Bedford MA). The membrane was washed with PBST and blocked overnight with
PBSJ0.5% BSA0.1% Twesn 20, and incubated with 1 g/ml monoclonal antibody for 1.5 hour at ambient terperature.
The membrane was washed and incubated for an additional hour with a 1:10,000 dilution of rat anti-mouse Ig6
ped using the Amersham ECL

peroxidase {Boghringer Mannheim). The membrane was washed th hy and devel

chemiluminescence system {Amershan Life Science Inc., Arlington Heights, lll).
None of the Mabs were able ta recognize reduced ErhB4 ECD {data nat shown), suggesting that they are
directed fo conformational epitopes. Mabs identified as positive in Table 3 are those that are able to recognize low

cancentrations of non-reduced ErbB4 ECD. Mahs 41459, 4-1460, 4-1461, 4-1462, 4-1492 and 4-1497

i a high level of i ivity and were able ta bind non-reduced ErbB4 ECD at levels down to 0.3 ng.
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Inhibition of HRG binding

A K562 cell line that does not express any EGFR-like receptors was used to further characterize the anti-
ErbB4 monaclonal antibodies. A K562 esll line transfected with EthB4 {1E10.1H4] was produced and cultured in RPMI
1640 with 2mM L-glutamine (GIBCO{BRL), 10% FBS {Hyclone) and 800 giml Geneticin, G418 (Gibco/BRL). At least
20 hr prior to assay, 1E10.1H4 was stimulated with 10 om phothal-1 2-yristate, 13-acetate (PMA, Calbiochem, La
Jolla CA). The anti-ErhB4 Mahs were evaluated for their ability to block the binding of HRG to this cell line.

Quadruplicate samples containing 1.0 X 105 K562 ErbB4 cells resuspended in 200 | of RPMI 1640 with 10
mM HEPES and 0.1% BSA (hinding buffer) were incubated with 132 pM [125[HRG 1 (177.244), in the presence of
100 nM anti-ErbsB4 Mabs, overnight on iee. Following incubation, the cells were collected using a Multiscreen
filtration device (Millipore), and washed twice with 200 | ice cold hinding huffer. Cell associated counts were
measured on a gamma counter. The percent hinding was calculated against a contral sample cantaining no Mab. The
nonspecfic hinding was determined by incuhation of a sample in the presenee of 500 nb cold HRG 1 (177-244). Mabs
were cansidered positive for HRG blocking if they blocked 90% or greater binding. As can be seen in Table 3, six of
the nine anti-ErbB4 antihodies tested were able to inhibit '21-HRG binding at this level. Mab 4-1461 inhibited binding
by 7% and 1459 exhibited no HRG blocking. The anti-ErhB4 Mab 4-1487 did not inhibit binding but rather appeared ta
enhance HRG binding by 26%.

Inhibition of HRG Binding in Human Breast Cancer Cell Lines

Since a number of the anti-ErbB4 Mabs were able to block binding of HRG to transfected K562 cells, their
ahility ta block HRG binding to several human mammary carcinoma cell lines was tested. The cell lines MDA-MB-453,
T47D and BT474 [ATGE, Ruckville, MD) were plated into 24 well tissue culture plates at a density of 1x 105 cells per
well and allowed to adhere avernight. The anti-ErbB4 Mabs or anti-HER-2 contral Mabs 2C4 and 4D5 were diluted to
a cancentration of 100 aM in Ham's F-12 plus Dulbecca's modified Eagle medium (1:1, viv) with 10 mM HEPES and
0.1% BSA (binding buffer) and added in triplicate to the plates. Fallowing a 30 minute incubatien en ice, 1.5%109
counts of [125]) HRG 1{144.277) was added. Tha plates were incuhated on ice for four hours and washed twice with
ice celd binding buffer. The cells were solubilized with 8 M urea/3 M acetic acid and cell associated counts were
measured on a Wallac 1277 GammaMaster. The percent binding was calculated as abave. The nonspecific binding
was determined by incubation of a sample in the presence of 100 nM cold HRG 1144.277)-

Nane of the anti-ErbB4 Mabs caused significant inhitition of 125IHRG binding to the carcinama lines tested.
In cantrast, the anti-HER-2 contral Mabs 2C4 and 4D5 blocked binding by 84% and 29% respectively in MDA-MB-453
cells, 70% and 48% in T47D cells and 57% and 12% in BT474 cells. The unlaheled HRG cantrol blacked 39% binding
in MDA-MB 453 cells, 98% kinding in T470 cells and 96% hinding in BT474 cells at a concentration of 100 nM. This

data suggests that in these cell lines the ErbB4 receptor may play a miner role in mediating the HRG respanses.
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Inhibition of Tyrosine Phaspharylation

Heregulins have been shown to induce the tyrosine phosphorylation of ErbB4. Therefore it was of interest to
determine if the anti-ErbB4 Mabs were able to affect HRGR1 77204 Stimulated phosphorylation of the receptor in the
K862 ErbBA call fine. '

The ErbB4 transfected K562 cell line (1E10.1H4) was grown in RPM! 1640 culture media to a density of 1 X
106 cefls/mi. The celfs were then changed to serum-free media without PMA {assay buffer) and incubated st 37°C for
2.6 hours. The cells were washed with assay buffer and duplicate samples cnn(aining 2.5 X 105 cells in assay buffer
with 0.1% BSA, were incubated with 25 ug of anti-ErbB4 Mabs or a control Mab for 30 min. at raom temperatute.
Follawing incubation, ene set of the samples was stimulated with 15 mM HRG 1{177.244) for 8 minutes at room

temperature. The supernatants were removed and the cells lysed for § minutes at 100°C in 100 | of SDS sample

huffer ining 50 Kml hanol. A 30 | aliquet of sach sample was electrophoresed in a 4-12%
polyacrylamide gef {(Novex) and electrablotted onto a PYDF membrane (Millipore). The membranes were blocked with
2% BSA in tris-huffered saline containing 0.05% Tween-20 overnight at 4°C and incubated with a 1:1000 dilution of

i iti-phosph ine peroxidase monpclonal RG20H (Transduction Laboratories, Lexingtan Kentucky) for

4 hours at room e. Bound anti ine Ab was visualized using the Amersham ECL system
{Amersham Life Science Inc.} and quantified by densitometry.

Six of nine monoclonal antibodies tested inhibited the generation of an HRB-induced tyrosine phasphorylation
signal (Table 3). The remaining thres were not inhibitory and none of the anti-ErbB4 Mabs was able to stimufate

phosphorylation of the ErbB4 receptor.

Immunchistochemistry
Since anti-EthB4 Mabs may be useful as diagnostic reagents, their ability to stain frazen cell pellets using
standard i hemical i was investigated. ErbB4 j K562 cells {1E10.1H4) and the human

breast carcinoma lines MDA-MB-453, TA7D, and BT474 (ATGC, Rockville, MD) were pelleted and frazen in OCT
compound {Miles Inc., Elkhart, IN). The frozen pellets were sectioned on a cryostat to a thickness of 5 mierons,
mounted on slides, fixed in cold acetone {4 C) for 3-5 min. and air-dried. Endagenous peroxidass activity was guencherd
using a madification of the glucose oxidase method. The slides were rinsed with PBS and the cells were blocked for
endogenous hiotin activity using a Vecter Biotin blacking kit (Vectar, Burlingame, CA). Endegenaus immunaglobulin
hinding sites were blocked with 10% normal horse serum (Vector). The cells were then incubated with 10 giml anti-
ErhB4 Mabs for ane hour at RT, followed by a 30 minute incubation with a 1:200 dilution of biotinylated horse anti-
mouse IgG {Vector). The slides were incubated with ABC Elite Reagent (Vector) for 30 min. and the ErhBA receptors
vigualized using DAB (Pierce, Roekford, IL). Mayer's hematoxylin (Rowlsy Biomedical Institute, Rowley, MA) was
used to counterstain the cells.

Many of the anti-ErhB4 Mahs were able to stain the ErbB4 transfected K562 cells with varying intensity and

little o no backgraund staining {Table 3). Numbets represent the intensity of staining compared to an irrelevant
52
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control. Nane of the Mabs was able to stain the frazen human mammary carcinoma cells that were tested (data not

shown).
Table 3 Summary table of monoclonal antibody activity
Mab Isotype  Epitope Kd(mM) Non-Reducing HRG P-Tyr Histo-
Imnmmnoblet Blocking Blocking chemistry

4-1440  IgG2Zb, x B 1.9 - + + 3+
4-1459  IgG2a,« b 0.7 + - - 4+
4-1460 IgGl, x o} 12 + + + 3+
4-1461  1gG2a,x E 23 + - - 4+
4-1462 IgGl, « [} 0.4 + + + 2+
4-1464  IgG2b,k (o] 1.0 - + + 2+
4-1473  IgG2a,« F 6.0 - + + 2-3+
4-1492  1gG2b, « A 2.1 + + + -
4-1497  IgGl, k N 12.0 + - - -

FACS Analysis

Ta determine whether the anti-ErbB4 Mahs could hind to ErbB4 on the surface of viable cells, FACS analysis
was done using the ErhB4 transiected K562 cell line and the mammary carcinoma lines MDA-MB-453, T47D and BT-
474. Adherent cells were detached from tissue culture flasks using 10 mM EDTA in PBS, centrifuged at 1400 rpm for
5 min. and resuspended in PBS with 1% fetal bovine serum (FACS diluent). The cells were counted, adjusted to 107
cellsiml and 0.1 ml of cells was incubated with 10 g/l of each Mab in 100 1 FACS diluent far 30 min. at 4°C. The
samples were washed, resuspended in 0.1 ml diluent and incubated with 1 g of FITC conjugated Flab‘)y fragment of

goat anti- Ig6 i Mannheimj for 30 min at 4°C. The cels were washed, resuspended in 0.5 ml FACS

diluent and analyzed using @ FACScan cell sorter (Becton Dickinsen, Mt. View, CA). Bata was gated by forward and
side scatter and propidium iodide fluorescence to exclude debris, doublets and dead cells.

All of the Mabs baund to the ErbB4 receptor on the ErbB4 transfected K582 cell line, which is expressed at
approximately 2 X 108 receptarsicell. An increase in ahserved cellular fi of the ErbB4 tr K562

cells from 2 to 50 fold was observed when compared to the isatype controls. Some of the weaker hinding may reflect
a ErbB4 ECD epitope that is sequestered on the intact cells. In contrast, the anti-ErbB4 antibodies 4-1440, 4-1464
and 4-1492, which give the highest intensity on the cell line, shawed minimal binding to the
breast carcinoma lines MDA-MB-453, TA7D and BT-474. The positive control anti-HER2 Mab 2-2C4 showed binding

1o the tumor lines in proportion to the level of HER-2 expressian. These results indicate a level of ErbB4 expressian on
the MDA-MB-453, T47D and BT-474 cells which is below the detection limit of this assay.
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Inhihition of Heregulin binding to ErbBA Immuncadhesin

Figure 7 shows a displatement curve of 125|4RG binding to a ErbB4 i in captured on
modules using the indicated concentrations of the anti-ErbB4 Mabs 4-1440, 4-1460, and 4-1464. Maxisorp
breakapart madules {Nunc) were coated with 100 1 of a 1:200 dilution of gaat anti-human lg (Buehringer Mannheim) in
50 mM carbonate buffer pH 9.6 avernight at 4 °C. The plates were washed with PBST, blacked with ELISA diluent

and incubated with 100 | of 200 ngiml ErbB4 immunoadhesin for 2 hr at ambient temperature. The plates were
washed and 50 1 of diluted Mahs (0.1 to 100 oM final) and 50 | of 125L.HRE 1(177.244) diluted to give a final
concentration of 132 pM were added to the plate. Following a 1.5 hr incubation at ambient temperature, the plates
were washed and the amaunt of T251HRE bound to the receptor was determined by counting the wells on a Wallac
1277 GammaMaster.

Figure 7 demonstrates that the Mabs inhibited heregulin binding to the immunoadhesin in a dose dependent
manner with ED5 values ranging from 0.7 to 1.1 nM. This indicates that the Mahs posses a high degree of hlocking
ability.

Depasit af Material
The following hybridomas have been deposited with the American Type Culture Callection, 10801 University
Blvd., Manassas, VA 20110-2208, USA {ATCC):

Hybridoma ATCC Dep. No. Deposit Date
HER4.10HI1.1A1 PTA-2828 December 19, 2000
HER4.1C6.A11 PTA-2829 December 19, 2000
HER4.3B9.2C9 PTA-2826 December 19, 2000
HERA.1A6.5B3 PTA-2827 December 19, 2000
HER4.8B1.2H2 PTA-2825 December 19, 2000

Each of the deposited hybridomas produces ane of the anti-ErbB4 menaelonal antihodies identified in Table 2.
HER4.10H1.1A1 produces mAb 4-1464, HER4.1C6.A11 produces mAb 4-1440, HERA.3B9.2€9 produces mAb 4-
1460, HERA.1A6.5B3 produces mAb 4-1492 and HER4.8B1.2HZ produces mAb 4-1473

The depasit of the hyhridamas with the ATCC was made under the provisions of the Budapest Treaty on the
Internationat Recognition of the Deposit of Micrasrganisms far the Purpose of Patent Pracedure and the Regulations
thereunder {Budapest Treaty). This assures maintenance of a viahle cuiture of the deposit far 30 years fram the date
of depesit. The depasit will be made available by ATCC under the terms of the Budapest Treaty, and subject to an
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agreement between Genentech, Inc, and ATCC, which assures permanent and unrestricted availahility of the progeny
of the culture of the depasit to the public upon issuance of the pertinent U.S. patent or upon laying epen ta the public
of any U.S. or foreign patent application, whichever comes first, and assures availability of the progeny to ene

i by the U.S. Commissianer of Patents and Trademarks fo he entitled therete according te 35 U.S.C. § 122

and the Commissioner's rules pursuant thereto (including 37 C.F.R. § 1.14 with particutar reference to 886 0G 638).

The assignee of the present application has agreed that if a culture of the materials on depasit should die or
he lost ar destroyed when cultivated under suitable conditions, the materials will be promptly replaced on nofification
with another of the same. Availability of the depasited material is not to be construed as a license to practice the
invention in contravention of the rights granted under the authurity of any govemment in accordance with its patent
laws.

The foregoing written specification is considered sufficient ta enable ane skilled in the art to practice the
invention. The present invention is not to be limited in scope by the comstruct deposited, since the deposited
embodiment is intended as a single fllustration of certain aspects of the invention and any consiructs that are
functionally equivalent are within the scope of this invention. The depesit of material herein does not constitute an
admission that the written description here(n contained is inadequate to enable the practice of any aspect of the
invention, including the best made thereof, nor is it to be construed as limiting the scepe of the claims to the specific
fllustrations that it represents. Indeed, various modifications of the invention in additian to these shawn and deseribed
herein will become apparent ta those skilled in the art from the foregaing description and fall within the scope of the

appended claims.
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WHAT |8 CLAIMED IS:
1. A method for cantrolling excessive praliferation or migration of smooth muscle cells comprising

treafing said smaoth muscle cells with an effective amount of an antaganist of a native ErbB4 receptor.

2. The method of claim 1 wherein the control is p ion of ive praliferation or migration of
smoath muscle calls.
3. The methad of claim 1 wherein the cantrel is inhibition of excessive proliferation or migration of

smooth muscle eells.

4. The method of clzim 3 wherein said inhibition is tetal inhibition.

5. The methad of claim 1 wherein said smoath muscle cells are pylaric smooth muscle cells.

6 The method of claim 1 whersin said smooth muscle cells are urinary bladder smoath muscle cells,
7. The method of claim 1 whersin said smooth muscle cells are those of an airway passage.

8 The method of claim 1 wherein said excessive profiferation or migration of smoath muscle cells

results in stenosis.

8. The method of claim 1 wherein said smooth muscle cefls are vaseular smooth muscle cells.
10. ‘The method of claim 9 wherein said vascular smoath muscle cells are human.
11. The methad of claim 9 wherein said vascular smooth muscle cells are human aortic smooth muscle

eells.
12, The method of claim 9 wherein said excessive profiferation or migration of smooth muscle cells

resuits in vascular stenosis.

13. The method of claim 12 wherein said vascular stenosis is further characterized by excessive
or migration of ial cells.

14. The methad of claim 13 wherein said stenosis is restenasis,

15. The methad of claim 1 wherein the ErbB4 recepter antagenist is an immuncadhesin.

18. The methed of claim 15 wherein said immunoadhesin comprises an extracellular domain sequence
of a native ErbB4 receptor.

17. The methad of claim 16 wherein said native ErbB4 receptar is human.

18. The methad of claim 17 wherein the native human ErbB4 recepter extracellular domain sequence is
fused ta an immunoglobulin heavy chain constant region sequence.

18. The methad of claim 18 wherein said immunoglobulin is of lg6 isotype.

20. The method of claim 18 wherein said immunoglobulin is of lg61, IgG2 or IgG3 isotype.

21. The method of claim 19 wherein said immunoadhesin comprises at least one IgG immunoglohulin
light chain.
22, The method of elaim 1 wherein said antagonist is an antibody.

23. The methed of claim 22 wherein said antibody is a neutralizing antibody against a native ErbB4

receptar.
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24, The method of claim 23 wherein said antihody is a chimeric, humanized or human antibody.

25. The method of claim 23 wherein said antibody is glycosylated.

26. The methad of claim 23 wherein said antihody binds essentially the same epitepe as an antibody
praduced by a hyhridoma selected from the group consisting of HER4.10H1.1A1 (ATCC Accession Number PTA-2828],
HER4.1C6.A11 {ATCC Accession Number PTA-2829), HER4A.3B9.2C8 (ATCC Accession Number PTA-2826),
HER4.1A8.5B3 (ATCC Accession Number PTA-2827) and HER4.8B1.2H2 (ATCC Accession Number PTA-2825).

27. The method of claim 23 wherein said antibody has cemplementarity determining region (CDR)
residugs from an antibody produced by a hybridoma selected from the group consisting of HER4.1GH1.TAT (ATCC
Accession Number PTA-2828), HER4.1C6.A11 (ATCC Accession Number PTA-2829), HER4.3B9.2C8 (ATCC
Accession Number PTA-2826), HER4.1A6.5B3 (ATCC Accession Number PTA-2827) and HER4.8B1.2H2 (ATCC
Accession Number PTA-2825).

28 A method for treating stenosis in a ian patient isi inistering to said patient an

effective amount of an antagonist of a native mammalian ErbB4 receptor.

29. The method of claim 28 wherein said patient is human.

30. The method of claim 23 wherein said stenosis is vascular stenosis.

31. The method of claim 30 wherein said vascular stenosis is restenosis.

32. The method of claim 28 wherein said antagonist is an immunoadhasin.

33. The methad of claim 32 wherein said i l ises an liular demain sequence

of a native human ErbB4 receptor.

34. The method of claim 33 wherein said extracellular domain sequence is fused ta an immunoglobulin
heavy chain constant region sequence.

35, The method of claim 34 wherein said immuneglobulin is of IgG isatype.

36. ‘The methad of claim 28 wherein said antagonist is an antibody.

37. The method of claim 36 wherein said antibody is a neutralizing antibody against a native human
ErbB4 receptor.
38. The methad of claim 36 wherein said antibady binds essentially the same epitape as an antibody

produced by a hybridoma selected from the graup consisting of HER4, 10H1.1A1 (ATCC Accessian Number PTA-2828),
HER4.1CB.A11 {ATCC Accession Number PTA-2829), HER4.3B9.2CS (ATCC Accession Number PTA-2826),
HER4.146.5B3 (ATCC Accession Number PTA-2827) and HER4.8B1.2H2 (ATCC Accession Number PTA-2825).

39, The method of claim 36 wherein said antibody has complementarity determining region {CDR)
residues from an antibody produced by a hybridoma selected from the group consisting of HER4.10H1,1A1 (ATCC
Accession Number PTA-2828), HER4.1CB.A1T1 [ATCC Accession Nomber PTA-2829), HER4.3B9.2C9 (ATCC
Accessian Number PTA-2826), HER4.1A6.5B3 [ATCC Accession Number PTA-2827) and HER4.881.2H2 (ATCC
Accession Numher PTA-2825).

40. The methad of claim 28 wherein said antagonist is administered as an injection or infusion.
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41, The methad of claim 28 wherein said treatment additionally reduces hypertension assaciated with

said stenosis.

42, The methad of claim 28 wherein said treatment is prevention.

43. The method of claim 28 wherein said stenosis is pyleric étsnusis.

44. The method of claim 28 wherein said stenosis is thickening of the urinary bladder wall.

45. The method of claim 28 wherein said stenosis is part of an obstructive airway disease.

46. A methad far treating stenosis in a ian patient ising i ing into a cell of said

patient a nucleic acid encading an antagonist of an ErtB4 receptor.
47. The method of claim 46 wherein said patient is human.
43. The method of claim 47 wherein said antaganist is an immunoadhesin.

49, The methad of claim 48 wherein said i i ises an domain sequence

of a native fuman ErbB4 receptor fused to an immunoglobulin heavy chain censtant region sequence.

50, The method of elaim 47 wherein said antagonist is an antibody.

51, The mathod of claim 50 wherein said antibody is a neutralizing antibody against a native ErhB4
receptor.

52 The method of claim 51 wherein said antibody is a chimeric, humanized or human antihody.

53. The method of claim 51 wherein said antibody binds essentially the same epitope as an antibody

produced by a hybridoma selected from the group censisting of HER4.10H1.1A1 (ATCC Accession Number PTA-2828),
HER4.1CB.AT1 {ATCC Accessian Number PTA-2829), HER4.3B9.209 {ATCC Ascession Number PTA-2826),
HER4.1A6.5B3 (ATCC Accession Number PTA-2827) and HER4.8B1.2H2 (ATCC Accession Number PTA-2825).

54. The method of claim 51 wherein said antibody has complementarity determining region (CDR)
residues from an antibody produced by a hybridoma selected from the group consisting of HER4,10HT.1A7 {ATCC
Accession Number PTA-2828), HER4.1C6.A11 (ATCC Aceession Number PTA-2829), HER4.3B9.209 (ATCC
Accession Number PTA-2826), HER4.1A6.6B3 (ATCC Accession Numher PTA-2827) and HER4.8B1.2HZ (ATCC
Accession Number PTA-2825).

5. The methad of claim 46 wherein said nucleic acid is introduced iz viva.
56. The methat of claim 48 whersin said nucleic acid is introduced ex viva.
&7. A method for treating hypertension assaciated with vascular stenasis in a mammalian patient,

camprising administering to said patient an effective amount of an antagonist of a native mammalian ErbB4 receptor.

58. The method of claim 57 wherein said antagonist is a small molecule.

58. A pharmaceutical compasition for the treatment of stenosis in @ mammalian patient comprising an
effactive amount of an antagonist of a native mammalian ErtB4 receptor, in admixture with a pharmaceutically
acceptable carrier.

6C. A method for identifying a molecule that inhihits or enhances the profiferation or migration of

smooth muscle cells, comprising the steps of:
58
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{a) cantacting a polypeptide comprising an amino acid sequence having at least 85 % sequence identity
with the amino acid sequence of the extracellular domain of a native ExbB4 receptar and retaining the ability to control
excessive proliferation or migration of smooth muscle cells, with a candidate molecule; and

{6} determining whether the candidate malecule inhibits or enhances the ability of said palypeptide to

contral excessive praliferation or migration of smooth muscle cells.

81, The method of claim 60 wherein said polypeptide comprises the extracellular domain of a native
ErbB4 receptor.

62 The methad of claim 61 wherein said receptor is human.

63. The method of claim 61 wherein said polypeptide is an immunoadhesin.

64. The methad of claim 60 wherein said molecule enhances the ability of said polypeptide to conirol

excassive proliferation or migration of smoeth muscle cells.

85, The methad of claim 64 wherein said molecule is selected from the group consisting af antibadies
and small malecules.

66. An antibody that binds essentially the same epitape of ErbB4 as an antibody praduced by a
hybridoma selected from the group consisting of HER4.10H1.1AT (ATCC Accessien Number PTA-2828),
HFR4.1C6.AT1 {ATCC Accession Numher PTA-2629), HERA.3B9.2C8 (ATCC Accession Number PTA-2826),
HER4.1AB.5B3 (ATCC Accession Number PTA-2827) and HER4.8B1.2HZ (ATCC Accession Number PTA-2825).

67. An antibody that has cemplementarity determining regien {CDR) residues fram an antibody
produced by a hyhridama selected from the group cansisting of HER4.10H1.1A1 (ATCC Accession Number PTA-2828),
HER4.1CB.AT1 {ATCC Accession Number PTA-2829), HER4.3B9.2C9 (ATCC Accession Nurber PTA-2826),
HER4.1A6.5B3 [ATCC Accessian Number PTA-2827) and HER4.8B1.2H2 (ATCC Accession Number PTA-2825).

68. An antibody selected from the group consisting of an antibody produced by a hybridoma selected
from the group consisting of HER4.10H1.1A1 (ATCC Aceession Number PTA-2828), HER4.1C6.A11 (ATCC Accession
Number PTA-2829), HER4.3B9.2C9 (ATCC Accession Number PTA-2826), HER4.1AB.583 (ATCC Accession Number
PTA-2827) and HER4.8B1.2HZ [ATCC Accession Number PTA-2825).

B9. An antibody that hinds essentially the same epitope of ErbB4 baund by an antiiody selected from
the group consisting of anti-ErbB4 monoclonal antibodies 4-1440, 4-1460, 4-1473, 4-1492 and 4-1464,

70. An antibody that has complementarity determining regian {CDR} residues from an antibody selected
from the group isting of anti-ErbB4 lanal antibodies 4-1440, 4-1480, 4-1473, 4-1492 and 4-1464.

7. An antihody which binds ta ErbB4 with high affinity.

72 The antibody of claim 71 which binds te ErbB4 with a Kd of less than 100 nM,

73. The antibody of claim 71 which hinds to ErbB4 with a Kd of less than 50 nM.

74, The antibody of claim 71 which binds to ErbB4 with a Kd of less than 10 aM.

75. The antibody of claim 71 which is a humanized antibody.

78. The antibody af claim 71 which is a human antibody.
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The antibody of elaim 71 which is an anfibody fragment.

An antibody which is capable of hinding to bath ErbB4 and ErbB3.

The antibody of claim 78 which binds ErbB4 with high affinity.

The antibody of claim 78 which binds both ErbB4 and ErbB3 with high affinity.

An antitiody which binds to ErbB4 and reduces heregulin binding therete.

The antibady of claim 81 which binds ErbB4 with high affinity.

An antibody which binds to ErbB4 and reduces heregulin-induced tyrosine phasphorylation thereof.
The antibody of claim 83 which binds ErbB4 with high affinity.
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<210>
<211>
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<400>

Genentech, Inc.
Gerritsen, Maxry

SEQUENCE LISTING

Sliwkowski, Mark X.

FastSEQ for Windows Version 4.0

ErbB4 ANTAGONISTS
GENENT. 072VEC
60/229,679
2000-09-01
60/265,516
2001-01-31

4

1

5484

DNA

Homo sapiens
1

aattgtcage acgggatcty
tgggtgagec ttectegtgge
gecaggaacgg agaataaact
cgcaagtact atgaaaactyg
cacaaccggg acctoctectt
gctettaate agtttegtta
ctttatgagg atcgatatge
ggactteaag aacttggatt
gaccagaaca aattcctttg
ccatggeett ccaacttgac
cataagtect gtactggceg
aggacggtgt gtgcagaaca
tgccategag aatgtgetgg
atgaatttea atgacagtgg
ccaaccacct ttcaactgga
gtcaagaaat gtccacataa
agttcecaaga tggaagtaga
tgcccaaaag cttgtgatgg
tccagtaaca ttgacaaatt
gtcactggta ttcatgggga
aacgtcttic ggacagtcag
aacatgactg acttecagtgt
agtggeetgt ccttgettat
ctgaaggaaa tcagcgcagy
cataccatta actggacaac
aacagaaaaqg ctgaaaattyg
gatggctgtt ggggacctog
aggatctgea tagagtcttg
tecatetgtg tggagtgtga
catggaccgg gtcctgacaa
gtggazaaat gtccagatgg
ccagatcggg agtgecacce
agtcatgact gcatttacta

agacttccaa
ggeggggace
gagctctete
tgaggttgte
cctgeggtet
cctgectetg
cttggcaata
aaagaacttg
ttatgcagac
tcttgtgtea
ttgetgggga
atgtgacgge
aggetgctea
agcatgtgtt
gcacaattte
ctttgtggta
agaaaatggg
cattggcaca
cataaactgt
cccttacaat
agagataaca
tttttetaac
ccteaageaa
aaacatctat
actcttcage
tactgctgaa
gcecagaccaa
taacctcetat
cecccagtgt
ctgtacaaag
cttacagggyg
atgecatcea
cceatggacy

aaaatgaage
gtecagecca
tetgacctgg
atgggcaace
gttecgagaag
gagaatttac
tttttaaact
acagaaatce
accattcatt
acaaatgota
cecacagaaa
agatgctacy
ggacctaagg
actcagtgtc
aatgcaaagt
gattcecagtt
attaaaatgt
ggatcattga
accaagatca
goaattgaag
ggtttectga
ctggtgacca
cagggcatca
attactgaca
acaatcaace
ggaatggtgt
tgtctgtegt
gatggtgaat
gagaagatgy
tgetcteoatt
gcaaacagtt
aactgcacce
ggccatteca

1

cggcgacagy
gcgattetea
aacagcagta
tggagataac
tecacaggcta
geattattceg
acagaaaaga
taaatggtgg
ggcaagatat
gttcaggatg
atcattgeca
gaccttacgt
acacagactg
cccaaaccett
acacatatgg
cttgtgtgeg
gtaaaccttyg
tgtcagetea
atgggaattt
ccatagacce
acatacagte
ttggtggaag
cetctctaca
acagcaacct
agagaatagt
gcaaccatct
gtegocgett
ttegggagtt
aagatggect
ttaaagatgg
tecattttcaa
aagggtgtaa
ctttaccaca

(136)

PCT/US01/26984

actttgggte
gtcagtgtgt
ccgagecttyg
cagecattgag
cgtgttagty
tgggacaaaa
tggaaacttt
agtctatgta
tgttcggaac
tggacgttge
gactttgaca
cagtgactge
ctttgectge
tgtctacaat
agcattetgt
tgeotgeect
cactgacatt
gactgtggat
gatctttcta
agagaaactg
atggccacca
agtactctat
gttecagtee
gtgttattat
aatccgggac
gtgtteecagt
cagtagagga
tgagaatgge
ceteacatge
cccaaactgt
gtatgetgat
cggteecact
acatgctaga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
300
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1320
1980
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actcccctga
acatttgetyg
ttggaaacag
cttegtattt
ggaacggttt
attaagattc

ctgatcatgg,

ccaaccatce
gagcacaagg
ggaatgatgt
ttagtgaaat
ggagatgaaa
gagtgtatac
atatgggaac
cctgatttat
tacatggtca
ctggctgety
gatgatcgta
gaagaggatt
atcccacete
cacagceeete
ggttitgetg
gaagcteety
accctacgea
gectgaccoca
tacatgactc
ccttttgttt
aatgcatcca
aacacctttg
cecagagaagg
cggageacce
cagaatggge
ctyaagcecay
getoagtigt
ctttctetgg
gatacagaga
gaaagagaaa
agaatgaaac
agctgtcact
tttttttttt
tgatgtgtge
ataacatttt
cagtttetgt
ttaaagttat
ctectgacega
atgtttacat
ggccactact
tatcaaatta
gacactactt
tctgtggtte
actggaagaa
gcacttaage
gcaatatgga
gataaagact
actatgatga
gttcagttceg
atttctagta
taataaaaag
taaataaatg

<210> 2

ttgeagetgg
tttatgttag
agttggtgga
tgaaagaaac
ataaaggtat
ttaatgagac
caagtatgga
agctggttac
ataacattgg
acctggaaga
ctecaaacca
aagagtacaa
attacaggaa
tgatgacctt
tagagaaagg
tggtcaaatg
agttttcaag
tgaagcttee
tggaagatat
ccatctatac
ctectgecta
ctgaacaagg
tggcacaggg
agecagtgge
ccghgtttge
ctatgcgaga
cteggagaaa
atggteccace
ccaacacctt
ccaagaaage
ttcageacae
ggatccggee
gcactgtget

ggttttitag’

tggtettect
tgcaatgata
gataggagga
agctagagaas
ttttttettt
taaagcagat
atatttagea
ctataacata
cctagcaagt
aactagtaat
ttectttata
caaagcettet
ttaagtatac
tcottcacect
gataggeegt
aggaaaacta
acacactgga
tgtaatttta
agcaaccage
gtggaaatge
gaggeeagea
tatacttegt
tgagactatt
aasaacacasa
tgaaacatct

agtaattggt

gggctettea

atcaaaaaga

ttetggtoat

aaagageott

aaggaagagc
accattaact
tgagetgaag
ttgggtacct
aactggtece
teatccacac
tecaacttatyg
atcacaactg
aagacgacte
tgtgaaaate
tgctgatgga
attecacccat
tggaggaaaa
agaacgthttg
ttggatgatt
gatggctega
cagtccaaat
gatggatget
ttecagagea
cacccccatg
agtgtctgtyg
tgctactget
acccoatgte
cccagaacgy
caaacccaaa
azatggagac
caaggecgay
gggaaaaget
gtttgacaac
agactacctyg
tattgtggca
gecgectoca
gtggagagac
tetacceccaa
gttatgtget
accacaatgt
ggaccagaaa
thetttttet
ggttgaaaca
tecctggaaa
tgatagtgte
aagaatggec
tatgttttca
tttgekeecce
teacagaatt
aatctttaaa
catcctitac
tggttgtetg
ctgatacttt
ttgggtatgt
thtgttettt
aaattaacta
caaaccaagc
cattatctte
aagaaggaat
tatatgaagt
acattcaaag
tecte

cccagtggea
agggtaaaag
gaaggagaaa
aaggcaaatg
ctagtceggt
ccecatgget
ctgettaact
gtteateggy
acagattttg
ggaaagatge
cagagtgacg
ccctatgatyg
cecteagecte
gatgetgaca
gaccctcaaa
gacageaagt
gaggagtact
agaattgact
tcaggaaacc
ccctacagag
gagatttttg
caagaggaca
agcccacgag
caagaatacce
cttecaagecat
gatgagtatg
gagtacctga
cetgactact
caggagtaca
gagaatcctg
ccttacagac
acacctgete
ggccagtagt
tacctaactt
ttctteattt
atgtaaggeca
ttetttgttt
cccatgetat
teataataaa
tgaaattgag
aactcaactt
acactttttg
tatttttgge
taagcaagaa
ataagaaagg
atttitcaac
aagagtagaa
caggggtgge
ctacctggca
ttectgaacte
atttaagtac
aaattaggaa
atatgtecacc
gcgagtaagy
agaaggtaac
cttagggata

cagcacceaa
tcettggete
ctgtgaagat
tggagtteat
tgctgggtgt
gectgttgga
ggtgtgtcea
atttggcage
ggctagecag
caattaaatg
tttggageta
gaattccaac
ccatctgeac
gtagacctaa
gatacctagt
tctttcagaa
tggteectea
cgaataggag
agtttgtata
cececaactag
atgactcctyg
gtagcaccca
gagagctgga
tgaatceagt
tggataatce
tgaatgagee
agaacaacat
ggaaccacag
gcacaaaata
aatacctete
accggaatac
caatttcecee
tttgacactt
gaacattaga
ctectgeatgg
atgctgecta
ctttcttect
ctgttectat
gtttcecatta
aatccagttt
tecataatttas
gtttttttea
tttaatttet
atattttaat
gaggctaata
attttttttt
gggaaactaa
ccaatgaggy
gatactcaga
cattttggat
atttttaaaa
ccttgcaacg
tttgctacge
attggcttga
tetttgeaca
ggtecttggg
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tgtgggteotg
gagaagattc
tecaagetcaa
aggtgettit
tecetgtgget
ggatgaaget
gtgtctgage
gtatgtccac
gatagctaag
cegtaatgte
actcttggaa
gatggetetyg
tggagttact
gcgagaaatc
tattgacgtt
atttaaggaa
tattcagggt
tetettggat
ggctttcaac
tgaaattgga
ccgagatgga
cacaattcca
ctgtaatgge
gaggtacagt
tgaggaaggt
ggaggagaac
cgastatcac
actgtaccte
actgtcaatg
cctgecaccet
tttttataaa
tgagttcteo
tgtggtgtaa
acceeceoctet
cccagtggaa
gggaaagact
gttggtcagy
ctatcasact
cttetttttt
ctgcaggaac
gaacaaaaga
cttteoccag
aaaatctcea
ttttgttttg
aattgcaaag
atagtgaaat
ttttteatge

cteccataaat:

gagacagttc
aatceattga
aatgtagttt
tttgaatcaa
aaagagctaa
gtatccaggg
aaggaaattt
attccatgga
taaattggta
tcaaaagtig

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5484
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<211> 1308
<212> PRT
<213> Homo sapiens

<400> 2

Met
1
Ala

Glu

Phe
Gly

145
Ile

Tyx
225
Pro
Ala
Phe
Cys
val

305
Lys

Rsp
385
Fhe

Phe

Lys
Gly
Asn
Arg
50

Thr
Glu
Pro
Rrg
Gly
13

Gly
His
Val
Thr
Arg
210
Val
Lys
Cys
Gin
Val
290
Arg
Met
Gly
Asp
val
370
Pro
Leu

Sexr

Leu

Pro
Thr
Lys

35
Lys

val
Leu
Tyr
115
Leu
Val
Trp
Ser
Gly
185
Thr

Ser

Leu
275
Lys

Cys
Thr
Lys
355
Thx
Glu
Asn

Asn

Leu
435

WO 02/18444

Ala
val
20

Leu
Tyr
Ile
Thr
Glu
100
Ala
Gln
Tyr
Gln
Thr
180

Val

Asp

Thr
260
Glu
Lys
Cys
Lys
Gly
340
Phe
Gly
Lys
Ile
Leu

420
Ile

Thr
5
Gln
Sex
Tyr
Glu
Gly

85

Asn
Leu
Glu
Val
Asp
165
Asn
Cys
Cys
Cys
Asp

245
Gln

Cys
Pro
Pro

325
Ser

Leu
Gln
405
Val

Leu

Ser
Glu
His
70

Tyr
Leu
Ala
Leu
Bsp
150
Ile
Gly
Trp
Ala
Cys
230
Cys
Cys
Asn
Pro
Ser
310
Cys
Leu
Asn
His
Asn
390
Ser

Thr

Lys

Leu
Sexr
Leu
Asn
55

Bsn
Val
Arg
Ile
Gly

135
Gln

Ser
Gly
Glu
215
Ris
Phe
Bro
Phe
His
295
Ser

Met
Cys
Gly
375
Val
Trp
Ile

Gln

Trp
Asp
Sex
40

Cys
Arg
Leu
Ile
Phe
120
Leu
Asn
Arg
Ser
Pro
200
Gln
Arg
Ala
Gln
Asn
280

Asn

Lys

Ser
Thr

360
Asp

Pro
Gly

Gln
440

Val
Ile

105
Leu

Lys
Asn
Gly

185
Thr

Glu
Cys
Thr
265
Ala
Phe
Met
Ile
Bla
345
Lys

Pro

Pro

Gly
425
Gly

Trp
10

Gln
Leu
val
Leu
Ala
Arg
Asn
Asn
Phe
Pro
170
Cys
Glu
Asp
Cys
Met
250
Phe
Lys

val

Cys
330
Gln

Ile

Thr
Asn
410
Arg

Ile

Val

Glu
val
Ser

75
Leun

Tyr
Leu
Leu
155
Txp
Gly
Asn
Sly
Ala
235
Asn
Val
Tyr
val
val
315
Pro
Thr
Asn
Asn
Val
395
Met
Val

Thr

Ser
Val
Gln
b:iet
Phe
Asn
Thr
Arg
Thr
140
Cys
Pro
Arg
Ris
Arg
220
Gly

Phe

Thz
BASp
300
Glu
Lys
Val
Gly
Ala

380
Arg

Leu

Ser

Leu
Cys
Gln
Gly
Leu
Gln
Lys
Lys
125
Glu
Tyr
Ser
Cys
Cys

205
Cys

Asn
Asn
Tyr
285
Sex
Glu
Ala
Asp
Asn
365
Ile
Glu
Asp
Tyr

Leu
445

Leu
Ala

30
Tyr

Arg
Phe
Leu

110
Asp

Ala
Asn
His

190
Gln

Cys
Asp
Pro
270
Gly
Ser
Asn
Cys
Sexr
350
Leu
Glu
Ile
Phe
Ser

430
Gln

Arg
Tyr

Gly

Ser
Ser
255
Thr
Ala
Ser
Gly
Asp
335
Ser
Iie
Ala
Thr
Ser
415
Gly

Phe

(138)
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Ala

Ala
Glu
Val

80
Tyr

Asn
Asn
Thr
160
Thr
Ser
Leu
Pro
Gly
240
Gly
Thr

Phe

Ile
320
Gly

Phe
Ile
Gly
400
val

Leu

Gln
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Cys
625
His
Val
Val
Fhe
Pro

705
Val

His
Ser

Tyr

Ala
865
Lys

Phe

Ile

WO 02/18444

Leu
450
Leu
Asn
Ala
Gly
Arg
530
Phe
Met
Thr
Pro
Pro
€10
Asn
Ser
Ile
Tyr
Leu
690
Asn
Lys
Val
Asn
Leu

770
Val

Gln
Leu
Leu

850
Arg

Thr
Met

Pro

Lys
Cys
Gln
Glu
Pro
515
Ile

Glu

Glu

Asp
595
Asp
Gly
Thr
Gly
Val
675
Glu
Gln
Val
Pro
Glu
755
Ile
Cys
Cys
Leu
Glu
835
Val
Leu
Pro
His
Thr
918
Asp

Glu
Tyr
Rrg
Gly
500
Gly
Cys
Asn
Asp
Cys
580
Gly
Arg
Pro
Leu
Gly

660
Arg

Ala
Leu
Glu

740
Thx

Leu
Leu
Leu
820
Glu
Lys
Leu
Ile
Gln
900
Phe

Leu

Ile
Tyr
Ile
485
Met
Pro
Ile
Gly
Gly
565
Ser
Leu
Glu
Thr
Pro
645
Leu
Arg
Glu
Gln
Gly
725
Gly

Thxr

Sexr
Leu
805
Leu
Arg
Ser
Glu
Lys
885
Sexr

Gly

Leu

Ser
His
470
Val
val
Asp
Glu
Sex
550
Leu
His
Gln
Cys
Ser
630
Gln
Phe
Lys
Leu
Leu
710
Ser
Glu
Gly
Ser
Pro
790
Glu
Asn
Arg
Pro
Gly
870
Trp
Asp
Gly

Glu

Ala
455
Thr
Ile

Cys

Ser
535
Ile
Leu
Phe
Gly
His
615
His
His
Ile
Sex
Val
695
Arg
Gly
Thx
Pro
Met
775
Thx
Tyxr
Trp
Leu
Asn

855
Asp

val
Lys

Lys

Gly
Ile
Arg
Asn
Cys
520
Cys
Cys
Thr
Lys
Ala
600
Pro
Asp
Ala
Leu
Ile

680
Glu

Ala
val
Lys
760
Ile
Val
Cys
val
840
His
Glu
Ala
Trp
Pro

920
Gly

Asn
Asn
Asp
Bis
505
Leu
Asn
Val
Cys
Asp
585
Cys

Cys

val
665
Lys
Pro
Leu
Phe
Lys
745
Ala
His
Gln
His
val
825
His
Val
Lys
Leu
Ser

905
Tyr

Ille
Txp
Asn
490
Leu
Ser
Leu
Glu
His
570
Gly
Ser
His
Ile
Thr

650
Ile

Len
Lys
Gly
730
Ile
Asn
Pro
Leu
Glu
810
Gln
Arg
Lys
Glu
Glu
890
Tyr
Asp

Arg

Tyr
Thr
475
Arg
Cys
Cys
Tyr
Cys
555
Gly
Pro
Phe
Pro
Tyr

635
Pro

Lys
Thr
Glu
715
Thr
Pro
Val
His
Val

795
His

Asp
Ile
Tyr

875
Cys

Gly

Leu

Ile
460
Thr
Lys

Ser

Asp
540
Asp
Pro
Asn
Ile
Asn
620
Tyr
Leu
Gly
Arg
Pro
700
Thr
Val
Val
Glu
Leu
780
Thz
Lys
Ala
Leu
Thr
860
Asn
Ile
val
Ile

Pro

Thx
Leu
Ala
Ser
Axrg
525
Gly
Pro
Gly
Cys
Phe

605
Cys

Ile
Leu
Ala
685
Ser

Glu

Ala
Phe
765
Val
Gln
Asp
Lys
Ala
845
RAsp
Ala
His
Thr
Pro

925
Gln

Asp
Phe
Glu
Asp
510
Phe
Glu
Gln
Pro
val
530
Lys
Thr

Trp

Thx
670
Leu

Leu
Lys
Ile
750
Met
Arg
Leu
Asn
Gly
830
Ala
Phe

Asp

Ile
910
Thr

Pro

Asn
Ser
Asn

495
Gly

Phe
Cys
BAsp
575
Glu
Tyx
Gln
Thr
Ala
655
Phe

Arg

Thr ?

Lys
Gly
735
Lys
Asp
Leu
Met
Ile
815
Met

Arg

Gly
Arg
895
Trp
Arg

Pro

(139)
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Ser
Thr
480
Cys
Cys

Arg

Glu
560
Asn

Lys

Ala

Ile

Glu
Leu
Pro

800
Gly

Asn
Leu
Gly
880
Lys

Glu

Ile
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WO 02/18444

930

Cys Thr Ile val
945
Ala Pro
865

Pro

Asp Ser Arg

Met Ala Arg Asp

980
Met Leu Pro Sexr
895

Glu

Lys

Glu
1010
Gln Ala

Asp Leu

Pro Asn
1025
Ile Asp Ser

Asn Arg

935

Tyr Met Val Met
950 N
Lys Lys Glu

Gln Arg Tyr Leu
985

Asp Ser

1000

Met

Pro Asn

Glu Asp Met
1015

Ile Pro

1030

Ser

Pro Pro

Glu Ile Gly

Lys
255
Leu Ala
970
val Ile

Lys Phe

Asp Ala

Ile Tyr
1035

His Ser

240
Cys

Rla
Gln
Phe
Glu
1020
Thr

Pro

Trp
Glu
Gly
Gln
1005
Glu

Ser

Pro

Met
Phe
Asp
990
Asn
Tyr
Arg

Pro

Ile
Ser
975
Asp
Leu
Leu

ala

Ala

(140) JP 2004-507559
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Asp
960
Arg
Arg
Leu
Val
Axrg

1040
Tyr

1045

1050

1055

Thr
Ala
Pro

Ser

Pro Met Ser

1060

Glu Gln Gly Val
1075

Glu Ala Pro Val

1090

Gly

Cys Cys Asn Gly
1105
Glu Bsp Ser Ser Thr

Asn
Ser
Ala
Thr

1110
Gln

Gin Phe Val
1065
Pro Tyr Arg Ala
1080

Gly Ala Thr Ala

Tyr Arg
Val

Gln
1095

Asp
FPro

Glu
1100

Leu Arg Lys Pro Val Ala

1115

Arg Tyr Ser Ala Asp

Pro

Gly
Thr
1085
Ile

Pro

Thr

Gly
1070
Ser
Phe
His

Val

Phe
Thr
Asp
val

Phe

Ile
Asp
Gln

1120
Ala

1125

1130

1135

Pro

Glu Arg Ser Pro

1140
Met Arg Asp
1155
Pro Phe Val
1170
Pro

Pro
Asn
Asn

1185
Glu

Glu Tyr

Val Asn Glu
1205

Tyr

Tyr

Ala Glu
1220
Lys Ala
1235
Ser Thr

Gly Lys

Ala Lys

Pro Arg
1250
Tyr Phe Tyr
1265
Asn Pro Glu Tyr Leu
1285
Pro Pro Pro Pro
1300

<210> 3

<211>
<2iz>
<213>

<400>

2601
DNA
Homo

3

sapiens

ccaategatt
gtygcaggaac
tgcgeaagta
agcacaaccy
tggetcttaa
aactttatga

tegeggeaa
ggagaataa
ctatgaaaa

ggacctcteo
tecagtttegt
ggatcgatat

Arg
Pro
Arg

Asn
1180

Pro Leu Tyr
Leu Lys Asn
Asp Rsn Pro
Gln His Pro Asp

Gln Asn Gly Arg

1270

Ser Glu Phe Ser

a gaccttcegy
a ctgagctete
¢ tgtgaggttg
ttoctgeggt
tacctgecte
gecttggeaa

Gly Glu Leu Asp Glu
1145

Lys

Arg

Gln Glu Tyr Leu
1160

Lys Asn Gly Asp

1175

Ala

Ser Asn Gly Pro

1195

1210
Asn Ile
1225
Asp Tyr
1240
Tyr

1255

Tyr Arg His Arg Asn

Ile

1275
Leu
1290
Thr Val
1305

tectggacca
tetetgacct
tecatgggeaa
ctgttegaga
tggagaattt
tatttttaaa

Glu
Asn
Leu

1180
Pro

1260

Val

gctgetogag
ggaacagcayg
cctggagata
agtcacaggc
acgeattatt
ctacagaaaa

Gly
Pro
1165
Gln

Lys

Leu Asn Thr Phe Ala
Leu Ser Met

Trp Asn His

1245

Tyx
1150
Val
Ala
Ala
Asn
Pro

1230
Sex

Met

Glu

Leu

Glu

Thr

1215

Glu

Leu

Leu Gln Glu Tyr Ser
Arg Pro Ile Val Ala

Lys Pro Gly Thr Val

Glu
Asp
Asp
1200
Leu
Lys
Pro
Thr
Glu

1280
Leu

1295

cagtcagtgt
taccgagecet
accageattg
tacgtgttag
cgtgggacaa
gatggaaact

60

120
1g0
240
300
360
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ttggacttea
tagaccagaa
acccatggec
gccataagte
caaggacggt
gotgecateg
gcatgaattt
atccaaccac
gtgtcaagaa
ctagttecaa
tttgecccaaa
attcecagtaa
tagtcactgy
tgaacgtett
caaacatgac
atagtggeet
ccetgaagga
atcataccat
aceacagaaa
gtgatgactg
gaaggatctg
getecatotg
gecatggace
gtgtggaaaa
atccagateg
ctagtecatga
caccgtgece
ccaaggacac
gceacgaaga
ccaagacaaa
cegtectgea
cecteccage
aggtgtacac
geetggtcaa
cggagaacaa
acggecteett
acgtettete
tectecetgte

<210> 4
<211> 615
<212> PRT
<213> Homo

<400> 4
Gln Ser Val

Leu Glu Gln
Val Val Met

35
Leu Ser Phe

50

Ala Leu Asn
BArg Gly Thr
Asn Tyr Arg

Asn Leu Thr
115

agaacttgga
caaatteett
ttccaacttg
ctgtactgge
gtgtgcagaa
agaatgtget
caatgacagt
ctttcaactyg
atgtocacat
gatggaagta
agettgtgat
cattgacaaa
tattcatggg
tcggacagte
tgacttcagt
gtecttgett
aatcagogea
taactggaca
agctgaaaat
ttggggacct
catagagtcet
tgtggagtgt
gggtectgac
atgtccagat
ggagtgccac
ctgeatttac
agcacctgaa
cctcatgate
cectgaggta
gecgegggag
ceaggactgyg
cececcategag
cctgececcoca
aggcttctat
ctggecccace
cttectctac
atgctecgty

tecgggtaaa t

sapiens

Cys
Gln
20

Gly
Leu
Gln
Lys
Lys

100
Glu

Ala
5
Tyr
Asn
Arg

Phe

Gly
Rrg
Leu
Ser
Arg
70

Tyr
Gly

Leu

Thr
Ala
Glu
val
Tyx
Glu
Asn

Asn

ttaaagaact
tgttatgcag acaccattca
actcttgtgt
cgttgctggg gacccacaga
caatgtgacg gcagatgcta
ggaggctget
ggagcatgtg ttactcagtg
gagcacaatt
aactttgtgg tagattccag
gaagaaaatg ggattaaaat
ggcattggea
tteataaact
gacccttaca
agagagataa
gbttttteta
atcctecaage aacagggeat
ggaaacatct
acactcttca gcacaatcaa
tgtactgetyg saggaatogt
gggcecagace aatgtetgte
tgtaacctet
gacccccagt
aactgtacaa agtgctctea
ggcttacagg gggcaaacag
ccatgccate caaactgeac
tacccatgga cgggcacgeg
ctoctggggg gaccgtcagt
teccggacce ctgaggtcac
aagttcaact
gagcagtaca
ctgaatggea
aaaaccatct ccaaagccaa
tocecogyggaag agatgaccaa
ccoagegaca tegecgtgga
ccettggett
agcaagoetca cogtggacaa
atgcatgagg ctctgcacaa

Glu
Leu
Iie
4Q

Arg
Leu
Asp

Phe

Gly
120

tgacagaaat

caacaaatgyg

caggacctaa
tcaatgcaaa
caggatcatt
gtaccaagat
atgcaattga
caggtttect
acctggtgac

atattactga

atgatggtga
gtgagaagat

ggtacgtgga
acagcacgta
aggagtacaa

acaagaccac

Asn Lys Leun
Arg Lys Tyr
25

Thr Ser Ile
Glu Val Thr
Pro Leu Glu
Arg Tyr Rla
Gly Leu Gln

105
Gly Val Tyr
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cctaaatggt ggagtctatg
ttggcaagat attgttcgga
tagttcagga tgtggacgtt
aaatcattgec cagactttga
cggaccttac gtcagtgact
ggacacagac tgctttgect
tececcaaace tttgtctaca
gtacacatat ggagcattct
ttettgtgtg cgtgectgee
gtgtaaacct tgcactgaca
gatgtcaget cagactgtgg
caatgggaat ttgatcttte
agecatagac coagagaaac
gaacatacag tcatggccac
cattggtgga agagtactct
cacctetcta cagttccagt
caacagcaac ctgtgttatt
ccagagaata gtaatceggg
gtgcaaccat ctgtgttcea
gtgtegecge tteagtagag
atttcgggag tttgagaatg
ggaagatggce ctectcacat
ttttasagat ggcccaaact
tttcattttc aagtatgetg
ccaagggtgt aacggtccca
tgacaasact cacacatgce
ctteectette ceccccaaaac
atgegtggtyg gtggacgtga
cggegtggag gtgeataatg
cegggtggte agegtectea
gtgcaaggtc Lccaacaaag
agggcagece cgagaaccac
gaaccaggtc agectgacct
gtgggagage aatgggcage
gectecegty ctggactecy
gageagytgg cagcaggyggs
ccactacacg cagaagagee

Ser
Tyr
Glu
Gly
60

Asn
Leu

Glu

Val

Ser
Glu
His
45

Tyr
Leu
Ala

Leu

Asp
125

Leu Ser Asp
Asn Cys Glu
Bsn Arg Asp
Val Leu Val
Arg Ile Ile
Ile Phe Leu
95
Gly Leu Lys

110
Gln Asn Lys

420

480

540

600

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2601
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Phe
Pro
145
Cys
Glu
Asp
Cys
Met
225
Phe
Lys
Val
Glu
Cys
305
Gln
Ile

Tyr

Asn
385
Arg
Ile
Ile
Txp
Asn

465
Leu

WO 02/18444

Leu
130
Trp
Gly
Asn
Gly
Ala

210
Asn

Tyr
Val
val
290
Pro
Thr
Asn
Asn
val
370
Met
Val
Thr
Tyr
Thr
450
Axg
Cys
Cys
Tyr
Cys
530
Gly
EBro
Phe

Pro

Tyr

Cys
Pro
Arg
His
Brg
185
Gly
Phe
Tyr
Thr
Asp
275
Glu
Lys

Val

Ala
355
Arg
Thr
Leu
Ser
Tle
435
Thr
Lys

Sex

Asn
Ile
Asn

585
Tyr

Tyx
Sexr
Cys
Cys

180
Cys

Asn
Asn
Tyr
260
Ser
Glu
Ala
Asp
Asn
340
1le
Glu
Asp
Tyr
Leu
420
Thr
Leu
Ala
Ser
Arg
500
Gly

Pro

Gly

Phe
580
Cys

Ala
Asn
His

165
Gln

Pro
245
Gly
Sexr
Asn
Cys
Ser
325
Leu
Glu
Ile
Phe
Ser
405
Gln
Asp
Phe
Glu
Asp
485
Phe
Glu
Gln
Pro
Val

565
Lys

Trp

Leu
150
Lys
Thr
Gly
Ser
Ser
230
Thr
BAla
Sexr
Gly
Bsp

310
Ser

Ala
Thr
Sexr
390
Gly
FPhe
Asn
Ser
Asn
470
Gly
Ser
Phe
Cys
Asp
550
Glu
Tyr
Gln

Thr

Thr
135
Thr
Ser
Leu
Pro
Gly
215
Gly
Thr
Phe
Cys
Ile
295
Gly
Asn
Phe
Ile
Gly
375
Val
Leu
Gln
Ser
Thr
455
Cys
Cys
Arg
Arg
Glu
535
Asn
Lys
Ala

Gly

Ile
Leu
Cys
Thr
Tyx
200
Pro
Ala
Phe
Cys
Val
280
Lys
Ile
Ile
Leu
Asp
360
Phe
Phe
Ser
Ser
Asn
440
Ile
Thr
Trp
Gly
Glu
520
Lys
Cys
Cys
Asp

Cys
600

Ris
Val
Thr
Arg
185
Val
Lys
Cys
Gln
val
265
Arg
Met
Gly
Asp
val
345
Fro
Leu
Sexr
Leu
Leu
425
Leun
BAsn
Ala
Gly
Arg
505
Phe
Met
Thx
Pro
Pro

585
Asn

Txp
Sexr
Gly
170
Thr

Ser

Val
Leu
250
Lys
Ala
Cys
Thr
Lys
330
Thrx
Glu
Asn
Asn
Leu
410
Lys
Cys
Gln
Glu
Pro

490
Ile

Glu
Lys
Asp
570
Asp

Gly

Gln
Thx
155
Arg
Val
Asp
Thr
Thr
235
Gla
Lys
Cys
Lys
Gly

315
Phe

Lys
Ile
Leu
395
Ile
Glu
Tyr
Rrg
Gly

475
Gly

Asn
ASp
Cys

555
Gly

Pro

Asp
140
Asn
Cys
Cys
Cys
Rsp

Gln

Pro
Pro
300
Ser
Ile
Ile
Leu
Gln

380
Val

Ile
Tyr
Ile

460
Met

Gly
540
Ser
Leu

Glu

Thr

Cys
205
Cys
Cys
Asn
Pro
Ser
285
Cys

Leu

His
Asn

365
Ser

Lys
Ser
His
445
val
val
Asp
Glu
Ser
525
Leu
His
6ln
Cys

Ser
605

Val
Ser
Gly
Glu
190
His
Phe
Pro
Phe
His
270
Ser

Thx

Met

Gly
350
Val

Ile
Gln
Ala

430
Thr

Cys
Gln
Ser
510
Ile
Leu
Phe
Gly
His
580
His

Arg
Ser
Pro
175
Gln
Arg
Ala
Gln
Asn
255
Asn
Lys
Asp
Ser
Thr
335
Asp
Phe

Pro

Gln
415
Gly

Arg
RAsn
Cys

495
Cys

Thr
Lys
Als
575

Pro

Asp
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Asn
Gly
160
Thr
Cys
Glu
Cys
Thr
240
Ala
Phe

Met

Ala
320
Lys
Pro
Arg
Pro
Gly
400
Gly
Asn
Asn
Asp
His
480
Leu
Asn
Val
Cys
Asp
560
Asn
Cys

Cys
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because they relate to parts of the Inlevnaﬂonal Appllcaﬂon ma( do not comply with the prescribed requirements to such
an extent that no can be

3. D Glalms Nos.
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searchable claims.
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International Application No. PCTAIS 01 26984

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-59

Method for controlling excessive proliferation or migration
of smooth muscle cells by using an antagonist of a native
ErbB4 receptor. Method for treating stenosis and
hypertension by using a native ErbB4 antagonist.
Pharmaceutical composition for treatment of stenosis
comprising a native ErbB4 antagonist.

2. Claims: 60-65
Method for identifying a molecule that inhibits or enhances

the proliferation or migration of smooth muscle cells,
making use of a native ErbB4 receptor.

3. Claims: 66-84

Antibodies against ErbB4.
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