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4-1440 - 1gG2b, k B 4

4-1441 IgGl, x J 4

4-1459 1gG2a,x D 4

4-1450 IgGl, x C 4

4-1461 IgG2a, x E 4

4-1462 1gG1, x C 4

4-1463 1gG2a, x D 4

4-1464 IgG2b, x c 4

4-1465 1G22, x L 34

4.1472 [gG2a x M 4

4-1473 IgG2a, x F 4

4-1474 IgG2b, « G 4

4-1475 1gG2b, x P 4

4-1476 I1gG2a, x K 4

4-1477 IgG2a, x Q 4

4-1478 1gG2a, x 1 4

41479 C IgGlax D 4

4-1481 1gG2e, x H . 3,4

41482 1gG2b, x H 4

41483 IgG1, x R 3,4

4-1484 IgG1, x E 4

4-1485 [gG2a, x F 4

41491 IgG2a, x G 4

4-1492 IgG2h, x A 4

4-1493 IgG2oR, ¢ A 4

4-1494 1G2b, x B 4

4-1495 IgGzb, x. A 4

41496 IgGY, x A 3,4

4-1497 1gGl, x N 4

4-1498 IgG2b, © E 4

4-1535 1gG2h, B 4

4-153¢6 1gG2b, x A 4

4-1537 IgG2b, K B 4

#1543 IgG2a O 4
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41440 IgGb,x B 1.9 : T T Fa

41459 IgGlaa,x D 0.7 + ] - 4+

41460  1gGl,x o 12 + + + 3+

41461 lg2ax E 23 + - - 4+

4.1a62 ° TgGl,«x c 0.4 + + + 2+

41464 IaG2b,x C 1.0 - + + 2+

41473  IgG2a,x F 6.0 - + + 2.34

41492 IgG2b,x A 2.1 + + + -

41497  IgGl,x N 120 + - - -
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ErbB4 ANTAGONISTS

Background of the [avention
Field of the Invention
The present invention concerns methads and means for controlling excessive praliferation and/or migration of
smaoth muscle cells, and in particular for treating stenasis, by using antagonists of a native ErbBA receptor. The
invention further cancerns a method for the identification of ErbB4 aganists and antagonists capahle of inhibiting or

enhancing the proliferation ar migration of smoath muscle cells.
Description of the Related Art

1 ErbB receptar tyrosine kinases
Transduction of signals that regulate celt growth and differentiation is reguiated in part by phospherylation

of vatious cellular proteins. Protein tyrosine kinases are enzymes that catalyze this process. Receptor protein tyrosine

kinases are believed to direct cellular growtir via ligand i tyrasine phosphorylation of i flul

HER4/Erhd is a receptor protein tyrosine kinase helonging to the ErbB family. [ncreased ErbB4 expression
closely correlates with certain carcinomas of epithelial arigin, including breast adenucarcinemas {Plowman ef a£, Prac.
Natl. Acad. Sci. USA 90:1746-1750 [1993]; Plowman ef o/, Nature 366:473-475 [1993]). Diagnostic methods for
detection of human neoplastic conditions (especially hreast cancers) which evaluate ErbB4 expression 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/neu), and ErbB3 (HER3). The er6B1 gene encedes 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 stomack (Madjtahedi, H. and Dean, C.
(1994) Int. J. Oncol. 4:277-296). HER4 acts, in the ahsence of HERZ, as a mediator of antipraliferative and
differentiative response in human breast cancer cell lines. {Sartor et al., Mal. Cell Biol. 21:4265-75 (2001)).

The new gene {also called er#BZ and HER2) encodes a 185 kDa receptar protein tyrosine kinase that was

originally identified as the preduct of the ing gene from of f treated rats.
Amplification andjor overexpression of the human AER2 gene correlates with a poor prognosis in breast and ovarian
cancers (Slaman, D.J. sf 2/, Science 235:177-182 {1987); Slamon of af, Science 244:707-712 (1989); and US Pat
No. 4,968,603). Overexpression of #FR2 (frequently hut mot unifarmly due to gene amplification) has also been
abserved in other carcingmas including carcinomas of the stomach, endometrium, salivary gland, lung, kidney, colon,

thyroid, pancreas and bladder.
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A further related gene, called arfB3 or HFR3, has been described. See US Pat. No. 5,183,884; Kraus ef af,
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 (1893). Kraus ef a/ (1989) diseovered that markedly elevated levels of £76B3 mRNA were
present in certain human mammary tumor cell lines indicating that eriB3, like eriB1 and e76B2, may play a role in
human malignancies. They alsa showed that EGF-dependent activation of the ErbB3 catalytic domain of a chimeric
EGFRJErbB3 receptar resulted in a proliferative response in transfected NIH-3T3 cells. Furthermore, these researchers
demonstrated that same human mammary tumor cell lines display a significant elevation of steady-state ErbB3
tyrosine phosphorylation further indicating that this receptar may play a rols in human malignancies. The role of er4B3
in cancer has been explored by athers. It has been found to be overexpressed in breast {Lemoine et a/, Br. J. Cancer
86:1116-1121 {1992), gastrointestinal (Poller &z af, J. Pathol. 168:275-280 (1992), Rajkumer ef al, J Pathal.
170:271-278 (1993), and Sanidas ef al, Int. J. Cancer 54:935-940 (1993)), and pancreatic cancers {Lemaine ef af, J.
Pathal. 168:269-273 {1992), and Friess ef a/, Clinical Cancer Research 1:1413-1420 (1985)). ErbB3 is unique among
the ErbB receptar family in that it possesses ittle or no intrinsie tyresine kinase activity (Buy et al, Proc. Natl. Acad.
Sci. USA 81:8132-8136 (1994) and Kim e af. J. Biol. Chem. 269:24747-55 (1994)).

The ErbB receptars are generally faund in various combinations in cells and heteradimerization is thought ta

increase the diversity of cellular responses te a variety of ErbB ligands (Earp ef al Breast Cancer Research and
Treatment 35: 115-132 {1985]). EGFR is bound by six different ligands; epidermal grawth factor (EGF), transforming
growth factor alpha (TGF- ), amphiregulin, heparin binding epidermal grawth factor (HB-EGF), B-cellufin and epiregulin
{Groenen et 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 ErbB4. The beregulin family includes ct, B and y heregulins (Holmes &f al.,
Science, 256:1205-1210 (1982); D.S. Patent No. 5,641,869; and Schaefer ot a/ Oncogene 15:1385-1394 {1987);
neu differentiation factors (NDFs), glial growth factors (GGFs); acetylcholine receptor inducing activity U\RIA]; and
sensory and motor neuron derived factor (SMOF). For a review, see Groenen of al. Growth Factors 11:235-257
{1994); Lemke, G. Molec. & Cell, Neurasci. 7:247-262 (1996) and Lee et a/. Pharm. Rev. 47:51-85 (1895}, Recently
three additional ErbB ligands were identified; neuregulin-2 {NRG-2) which is reported to bind either EsbB3 or ErhB4
{Chang et al Nature 387 509-512 (1987); and Carraway ef a/ Nature 387:512-516 (1997}); neuregulin-3 which hinds
ErbB4 {Zhang et al. PVAS (USA) 94(18):9562-7 {1997)); and neuregulin-4 which binds ErbB4 {Harari st al. Oncagene
18:2681-89 (1999)). HB-EGF, (3-cellulin and epirequlin also bind to ErbB4.

White EGF and TGF do not bind ErbB2, EGF stimulates EGFR and ErbB2 o form a heterodimer, which
activates EGFR and results in transphosphorylation of ErbB2 in the heterodimter. Dimerization andfor
transphosphorylation appear ta activate the ErbB2 tyrasine kinase. See Earp ef af, supra. Likewiss, when ErbB3 is co-
expressed with ErhB2, an active signaling camplex is formed and antibodies directed against ErhB2 are capable of
disrupting this complex (Sliwkowski ¢ a7, 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 also, Levi ot al,
Journal of Neuroscience 15: 1329-1340 (1995); Marrissey ef al., Proc. Natl, Acad. Sei. USA 92 1431-1435 {1995);

2
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and Lewis ef al, Cancer Res., 56:1457-1465 (1998) with respect to the ErbB2-ErbB3 protein complex. ErbB4, like
ErhB3, forms an active signaling complex with ErbB2 (Carraway and Cantley, £e#f 78:5-8 (1994).

Because of the physiolagical impertance, members of the EthB family of receptar tyrasine kinases have often
been targeted for therapeutic development. For example, Hudziek et ok, Mol Cell. Biol. 8(3):1185-1172 {1989)
deseribe the generation of a panel of anti-ErbB2 antibadies one of which, called 4D5, inhibited cellular praliferation by
56%. A recambinant humanized version of the murine anti-ErbB2 antibody 4D5 (huMAbADS-8, rhuMAb HER2 or
HERGEPTIN®; U.S. Patent No. 5,821,337} is clinically active in patients with ErbB2-overexpressing metastatic breast
cancers that have recsived extensive prior anti-cancer therapy (Baselga et af, J. Clin. Oncof. 14:737-744 [1996)).
HERCEPTIN® received marketing approval from the Food and Drug Administration Septemher 25, 1998 for the
{reatment of patients with metastatic breast cancer whase tumors overexpress the ErbB2/HERZ protein. Since HER2
is alsn overexpressed in other cancers, in addition to breast cancer, HERCEPTIN® holds a great potential in the

treatment of such other cancers as well.

2. Smoath muscle cell proliferation

Smoath muscle cells are very important structural and functional companents of many hollow passages in
the body, including blaod vessels, gastrointestinal tract, airway passage (trachea and branchi in lungs), urinary tract
system (bladder and ureters) etc. They are respansible for elasticity that is se crucially required for nommal functioning
of thess organs. They respond to a variety of physiclogical stimuli by canstriction or dilation as needed, for examgle,
for regulating the flow of fluids carried by them. They respond not anly to chemical stimuli, such as grewth factors and
cytokines, but also to physical stimuli, such as pressure and stretch. Excaessive praliferation of smooth muscle cells
results in thickening of the wall and narrowing the lumen of the organs known as “stenosis” 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, smooth muscle cells from a variety of such
organs have heen demonstrated to possess EGF receptors, and some of them even synthesize and secrete EGF ligands
such as HB-EBF, thus setting up autocrine loop. Various EGF ligands act as potent mitagens and stimulate profiferation
of smooth muscle cells often resulting in thickening of the wall and ultimately stenosis. For example, excessive

mraliferation of vascular smaoth muscle cells (YSMC) is involved in pathology of vasculdr stenosis, restenasis resulting

fram angioplasy or surgery or stent implants, ath lerasi I h lerosis and hypertension (reviewed in
Casterella and Teirstein, Cardiol, Rev, 7: 219-231 [1998]; Andres, /ot. J. Mol, Med. 2: 81-89 [1998]; and Rosanio &f
af., Thromb. Haemost. 82 lsuppl 1J; 164-170 [1998)). The thickening of blood vessels increases resistance to blood
flowe and ultimately leads to hypertension. Moreaver, decreased blood supply to the tissue may alsa cause necrosis and
induce inflammatary response leading to severe damage. For example, myacardial infarction occurs as a result of lack
of oxygen‘and local death of heart muscle tissues.

Infantile hypertrophic pyloric stenosis (HPS), which causes functional ebstruction of the pyloric canal also

involves hypertrophy and hyperplasia of the pyloric smooth muscle cells (Due and Puri, Pediatr. Res. 45: 853-857
3
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[1998]). Furthermare, EGF, EGF receptor and HB-EGF are implicated in pathogenesis of pyloric stenosis (Shima et a,
Pediatr. Res. 47: 201-207 [2000]).

Similasly, the urinary bladder wall thickening that accurs in response to obstructive syndromes affecting the
lower urinary tract involves proliferation of urinary hladder smooth muscle calls. & membrane-bound precursor form of
HB-EGF is expressed in urinary bladder smooth muscle cells and HB-EGF is a potent mitogen for bladder SMC
proliferation (Freeman et al., J. Clin. Invest. 99: 1028-1036 [1997); Kaefer et al, J. Urol. 163: 580-584 [2000}; Borer
et al, Lab Jnvest. 79: 1335-1345 [1999)).

The ohstructive airway diseases are yet another group of diseases with underlying pathology involving

smoath musele cell proliferation. One example of this group is asthma which manifests in airway inflammation and

bronch iction. EGF is implicated in the pathalogical proliferation of airway SMCs in abstructive airway diseases
(Cerutis ot al,, Am. J. Physiol. 273:110-15 [1997; Cohen &t al, Am. J. Respir. Coil. Mal. Biol. 16: 85-30 [1997)).
The instant invention discloses the use of ErbB4 receptor ists for i i i

andJor proliferation ar smaoth muscle cells and, in particular, for the treatment of stenasis.

Summary of the Invention

In ane aspect, the invention concerns a method for contralling excessive praliferation or migration of smoath
muscle cells hy treating the smooth muscle cells with an effective amount of an antagenist of a native ErbB4 receptor.
The contral is prevention or inkibition, including tetal inhibition, of excessive proliferation or migration af smaoth
muscle calls. In one erabadiment the smoath muscle cells are urinary bladder smooth muscle eells, and in anather
embodiment they are the smoath muscle calls of an airway passage.

The excessive proliferation or migration of smooth muscle cells such as vaseular smooth muscle cells may
result in stenasis including vascular stenosis and restenasis. In one embodiment the smooth muscle cells are human.
The stenosis may be further characterized by excessive proliferation or migration of endothefial cells.

In anather embodi the ErbB4

in one embodiment the ErbB4 receptar ist is an i

raceptor antagonist is an antibody, such as a neutralizing antibody against a native ErhB4 receptor.

In another aspect, the invention concerns a method for treating stenesis in @ mammalian patient, including &
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 vascular stenosis including restenosis.
The antagonist may be administered as an injection or infusion. The treatment may alse 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 chstructive airway disease.

In one i the ist is an i in, which may comprise the extracellular region of a
native human ErbB4 receptor. In anather embadiment the antagonist is an antibady, such as a neutralizing antibody

against a native human ErbB4 receptor.
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In a further aspect, the invention cancerns 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 antagonist of an ExbB4 veceptor.
The nucleic acid may be introduced iz vivo or ex vive, and with the aid of a vector such as retroviral vector or a lipid-
based delivery system. The methad of the present invention is particularly useful for the treatment {including
prevention) of vascular stenosis and restenosis.

The ist may be an i The antagonist may also he an antibedy, such as a neutralizing

antibody against a native human ErbB4 receptor.

In another aspect, the invention concern a method for treating hypertension associated with vascular

stenasis in a li iministering to the patient an effective amount of an antagonist of a

patient,
native ErbB4 receptor. The antagonist may be 2 small melecule.

In a still further aspect, the invention concerns a pharmaceutical compasitian for the treatment of stenosis in
a mammalian patient comprising an effective amount of an antagonist of & native mammalian ErbB4 receptar, in
admixture with a pharmaceutically acceptable carrier.

In all aspacts, preferred ErbB4 ists include ¥ i ising a native human

ErhB4 receptor extracellular domain sequence fused to an immnunoglohulin constant region sequence. The

immunaglobulin sequence preferably is that of a heavy chain constant region of an lg61, 1g62 or lgG3 immunaglobulin

and may additianally eamprise an i light chain sequence cavalently attached to the fusion molecule

cemprising the immunoglobulin heavy chain constant region.

Another preferred class of ErhB4 ically binding & native

ErhB4 receptor. The antibodies preferably are human or i In ane i the antibodies hind fall
the same epitope as an antibody produced by a hyhridoma selected fram the group consisting of HER4.T0H1.1A1
(ATCC Accession Number PTA-2828), HER4.1CB.A11 {ATCC Accession Number PTA-2828), HER4.3B9.2C8 {ATCC
Accession Number PTA-2826), HER4.1A6.5B3 (ATCC Accessien Number PTA-2827) and HER4.8B1.2H2 (ATCC
Accessian Number PTA-2826). The antihodies may alsa have complementarity determining region (CDR) residues fram
an antibody produced by a hybridoma selected fram the group consisting of HER4.10H1.1AT (ATCG Accession Mumber
PTA-2828), HER4.1C6.A11 (ATCC Accession Numher PTA-2829), HER4.3B9.2C8 (ATCC Accession Number PTA-
2826), HER4.1A6.5B3 {ATCC Accession Number PTA-2827) and HER4.8B1.2H2 {ATCC Accession Mumber PTA-
2875). ’

The smooth muscle cells may, for example, be pyloric or urinaty bladder smaoth muscle calls, or smooth
nuscle celis of an airway passage. Preferably, the smooth muscle cells are vascular smoeth muscle cefls.

In a still further aspect, the invention concerns a method for identifying a malecule that inhibits or enhances
the proliferation or migration of smaath muscle cells, comprising the steps of: (a) contacting a polypeptide comprising
an aming acid ses;,[uenne having at least 85 % sequence identity with the amino acid sequence of the extracellufar
domain of & native ErbB4 receptor and retaining the ability to cantraf excessive profiferation or migratian of smoth

muscle cells, with a candidate malecule; and (b) determining whether the candidate molecule inhibits or enhances the
5
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ability of the polypeptide to control excessive proliferation or migration of smooth muscle cells. The polypeptide may
comgrise the extracellular domain of a native ErbB4 receptor. The polypeptide is an immunoadhesin in ane

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

proliferation or migration of smooth muscle cells, and is an antibady er a small malecule.

In a yet further aspect the invention concerns an antibody that binds essentially the same epitope of ErbB4
as an antitody produced by a hybridoma selected from the group consisting of HER4.10H1.1A7 (ATCC Accession
Number PTA-2828), HER4.1C8.A11 {ATCC Accession Number PTA-2828), HER4.3B9.2C9 (ATCC Accession Number
PTA-2826), HER4.1A6.583 (ATCC Accession Number PTA-2827) and HER4.8B1.2HZ {ATCC Accession Number PTA-
9825). In addition to the methads set forth above and throughout the disclosure, these antibodies are believed to be
useful in the treatment of various cancers, including breast eancer.

In a still further aspect the invention concerns an antibody that has complementarity determining region
|CDR) residues from an antibody produced by a hylridoma sslected from the group consisting of HER4.10H1.1A1
(ATCC Accession Number PTA-2828), HER4.1C6.A11 (ATCC Accassion Number PTA-2829), HER4.3B3.2C9 (ATCC
Accession Number PTA-2826), HERA.1AB.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 fram the group cnnsisfing of an antibody
produced by a hybridoma selected from the graup consisting of HER4.10H1.1A1 {ATCC Accession Number PTA-2828),
HER4.106.A11 (ATCC Accession Number PTA-2828), HER4.3B9.2C9 (ATCC Accession Mumber PTA-2826),
HER4.1A8.5B3 {ATCC Accession Number PTA-2827) and HER4.8B1.2H2 (ATCC Accession Number PTA-2825).

The inventien also concerns an antibody that binds essenfially the same epitope of ErbB4 bound by an
antibody selected from the group consisting of anti-ErbB4 monoclonal antibedies 4-1440, 4-1460, 4-1473, 4-1492 and
41464,

Further, the invention cancerns an antibody that has complementarity determining region (CDR) residues from
an antibady selected from the group consisting of anti-EchB4 lonal antibodies 4-1440, 4-1460, 4-1473, 4-1492
and 4-1464.

The invention also concerns an antihody that hinds ErbB4 with high affinity. This antihody preferably hinds

to ErbB4 with a Kd of less than 100 ni, more preferably with a Kd of less than 50 niM, even more preferably with a
Kd of fess than 25 nM and most preferably with a Kd Jess than 10 nM. In one embodiment this antibody is a human
antibody and in another embodiment it is a humanized antibady. In yet another embediment the antibody is an
antibady fragment.

The inventian further concerns an antibody which is capable of binding to both ErbB4 and ErbB3. In one
emhodiment the antibody is capable of hinding ErbB4 with high affinity and in another embodiment the antibady binds
hoth ErbB4 and ErbB3 with high affinity.

In anather aspect the invention concerns an antibody which binds to ErbB4 and reduces heregulin binding

thereto. This antibady may bind ErbB4 with high affinity.
6

JP 2004-507559 A 2004.3.11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

35

(72)

WO 02/18444 PCT/US01/26984

Finally, the invention concerns an antibody which binds to ErbB4 and reduces heregulin-induced tyrosine

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

Figure 1 shows the nuclectide sequence of human ErbB4 (SEQ ID NO: 1).

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

Figure 3 shows the nucleotide sequence of an ErbB4-lgG immunoadhesin (SEG ID NO: 3).

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

Figure 5 shows the eifect of ErbB4-lg6 immunoathesin an PDGF-stimulated proliferation of human aortic
smoath muscle cells. ‘

Figurg 6 shaws the effect of ErbBA-IgG immunoadhesin on the chematactic respense of human aartic smooth
muscle cells to thrombin.

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

antihadies.

Detailed Description of the Preferred Embodiment

A Definitions

Unless defined otherwise, technical and scientific terms used herein have the same meaning as commonly
understood by ane of ordinary skill in the art to which this invention belongs. See, e.g. Singleton et o/, Dictionary of
Microbiology and Molecular Biology 2nd ed., J. Wiley & Sons (New York, NY 1994); Sambrook e af, Molecular
Cloning, A Laboratory Manual, Cald Springs Harber Press (Cold Springs Harher, NY 1988).  For purposes of the
present invention, the following terms are defined helow.

Unless indicated otherwise, the term "ErbB” when used herein refers to any one or more of the mammalian
ErbB receptors (e, ErbBT or epidermal growth factor (EGF) receptor; ErbB2 ar HER2 receptor; ErbB3 or HER3
receptar; ErhR4 or HER4 receptor; and any other member{s) of this class | tyrosine kinase family to be identified in the
future) and "erbB" refers to the mammalian e4B genes encading these receptors.

The terms “ErbB4" and “HER4™ are used interchangeably and refer ta a native sequence ErbB4 recepter
polypeptide as disclased, for example, in European Patent Application No. (EP) 693,274; Plowman et al., Proc. Natl
Acad, Sci. USA, 80:1746-1750 (1993); and Plowman et of, Naturs, 366:473-475 (1993), and functional derivatives,
including amine acid sequence variants thereof.

A “native” ar “native sequence” ErhB4 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 prep a
native or native sequence ErbB4 receptor may be isolated from nature, produeed by technigues of recambinant DNA

technology, chemically synthesized, or produced by any combinations of these or similar methods. Native ErbB4

include p ides having the amino acid sequence of naturally occurring allelic variants,
7
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isofarms or spliced variants of ErbB4, known in the art or hereinafter discavered. Native sequence ErbB4 receptors
are disclosed, for example, in EP 599,274, sapra, and in the two Plowman ef &/ papers, supra. Elenius of af, J. Biol.
Chem. 272:26761-26768 (1997) report the identification of two afternatively spliced isoforms of ErbB4 both in mouse
and human tissues, that differ by the insertion of either 23 (HER4 JM-a) or 13 (HER4 JM-b) altetnative amino acids in
thé extracellular juxtamembrane {JM) region. Elenius ef af., Oncogene 18:2607-2616 (1999) report the identification
and characterization of another naturally accurring isofarm of ErbB4 {designated as ErbB4 CYT-2), with a deletion of

the cytoplasmic domain sequence required for the activation of the PI3-K i signal ion pathway.

HER4 isaforms are also disclosed in WO 99/19488. A nuclgotide 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 damain” or “ErbB4 ECD” refers to a soluble fragment of ErbB4 comprising the
amino acids [ocated betwesn the signal sequence and the first predicted transmembrane region. In one embediment,
the “ErbB4 ECD" is a polypeptide comprising aminu 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, damestic and farm animals, and zao, sports, or pet animals, such as sheep, dogs, horses, cats,
cows, etc. Preferably, the mammal herein is kuman.

“Functional derivatives” include amino acid sequence variants, and covalent derivatives of the native
palypeptides as long as they ratain a qualitative hiolagical activity of the corresponding native polypeptide. Amino acid
sequence variants generally differ from a native sequence in the substitution, deletion andjor insertion of one or mare
amino acids anywhere within a native amino acid sequence. Deletional variants include fragments of the native
polypeptides, and variants having N- andfor C-terminal truncations. Ordinarily, amino acid sequence variants will
possess at least about 70% hornalogy, preferably at least about 80%, more preferably at least about 80% homolagy
with a native palypeptide.

“Hemology” is defined as the percentage of residues in the amino acid sequence variant that are identical
after aligning the sequences and intraducing gaps, if necessary, to achieve the maximum percent homalogy, Methods
and computer programs for the alignment are well known in the art. One such computer program is "Align 27,
authored by Genentech, Inc., which was filed with user documentation in the United States Copyright Office,
Washi DC 20558, on ber 10, 1991.

An ErhB “antagonist” is a molecule, which prevents or interferes with an ErbB effector function, e.g. a

roolecule, which prevents or interferes with hinding andfor activation of a native sequence ErbB receptar by a ligand,
andjor downstream pathways used by the native sequence ErbB receptar. Such molecules can be screened, for
example, based wpon their ability to competitively inhibit ErbB receptor activation by ligand in the tyrasine
phosphorylation assay. Similarly, an antagonist of a native sequence ErbB4 (HERA] receptor is a malecule which
prevents ar interferes with an ErhB4 effector function, e.g. a molecule which prevents or interferes with binding andjor

activation of a native sequence ErbB4 receptar by a ligand, and/or dewnstream pathways used by the ErbB4 receptor.
8
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Such molecutes can be screened, for example, based upon their ability to competitively inhihit ErbB4 receptor
activation by ligand in the tyrosine phospherylation assay. Examples of ExbB4 antagonists include, without limitation,
soluble ErbB4 receptors (such as extracellular domains (ECD) of native sequence and variant ErhB4 receptors),
neutralizing antibodies against native sequence ErbB4 receptors, neutralizing antibodies to ligands of native sequence
ErbB4 receptars {e.g. anti-HB-EGF antibodies), ErbB4-Ig i hesins {including chimeric |

ins) and small

molecules,

By “ErbB4 ligand” is meant a polypeptide which hinds to andler activates an ErbB4 receptar. ErbB4 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 or slowing down of an unwanted event, e.g.
physiolagical condition, such as the excessive proliferation andjor migration of smoath muscle cells and/or other cell
types, e.g. endathelial cells. X

The term “excessive praliferatian andfor migration” means proliferation andjor migration beyond narmal levels

that results or is likely to result, if in the of an ieal candition or disease,

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

"Treatment" refers to bath therapeutic treatment and praphylactic or preventative measures. Those in need
of treatment include those already with the disorder as well as thase prone te have the disorder or those in which the
disorder is to be prevented. For purpases of this invention, henaficial or desired clinical results include, hut afe not

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

delay or slowing of disease progression, amelioration or palliation of the disease state, and remission {whether partial
or tatal), whether detectable or undetectable. “Treatment” can alsa mean prolonging survival as compared to expected
survival if not receiving treatment. Those in need of treatment include those already with the candition 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 malecule that is identified and separated from at least
one contaminant molecule with which it is ordinarily associated in the natural source of the molecule. Preferably, the
isolated molecule is free of association with all components with which it is naturally associated.

The term immunoadhesin® as used herein refers to antibody-like molecules that combine the binding domain
of 3 pratein such as an extracellular domain (the adhesin portien) of a cell-surface receptar with the effectar functions
of an immunoglabulin constant domain. The term “immunoadhesin” specifically includes native or variant ErhB4
receptar sequences. The nucleic acid sequence of an ErbB4-IgG immunaadhesin is presented in Figure 3 (SEQ 1D NO: 3).
Immuncadhesins can possess many of the valuable chemical and biclegical praperties of human antibadies. Since
immunaadhesins can be canstructed from a human pratein sequence with a desired specifisity linked to an appropriate
hurman immunoglobulin hinge and censtant demain (Fe) sequence, the binding specificity of interest can be achieved

using entirely human compenents. Such immunoadhesins are minimally immunagenic te the patient, and are safe for
2
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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 recomhinant or synthetic methads and is sufficiently free of other peptides or proteins.

Immunoadhesins reparted in the literature include fusions of the T cell receptor (Bascoigne et af., Proc. Natl.
Acad. Sci. USA 84:2936-2940 {1987); CD4 (Capon ot af., Nature 337:625-631 (1988); Traunecker &t al, Nature
339:68-70 (1989); Zettmeissl ez al., DNA Cell Biol. USA 8:347-353 (1880); and Bym ef af. Nature 344:667-670
{1990)); L-selectin or homing receptor (Watson ef af, J. Cell. Biol. 110:2221-2228 {1990); and Watson ef af, Nature
349:164-167 (1991)); CD44 (Aruffo ef al, Cell §1:1303-1313 (1990)); CD28 and B7 (Linsley of af, J. Exp. Med.
173:721-730 (1991)); CTLA-4 (Lisley ef af, J. Exp. Med. 174:561-569 (1891)); CD22 {Stamenkovic ef &/, Cell
66:1133-1144 {1991)}; TNF receptor {Ashkenazi ef a, Proc. Natl. Acad. Sci. USA 88:10535-10538 (1891); Lesslauer
st al, Eur. J. Immunal. 27:2883-2886 {1991); and Peppel of af, J. Exp. Med. 174:1483-1488 (1981)); NP receptors
(Bennett et ak, J. Biol. Chem. 266:23060-23067 {1991)); inteferon receptor (Kurschner e 4/, J. Bial. Chem.
267:9354-9380 {1992)); 4-1BB (Chalupny ef al, PNAS USA 89:10360-10364 {1992)) and IgE receptor {Ridgway
and Gorman, J. Cell. Biol. 115, Abstract No. 1448 (1891)).

Examples of hamomultimeric immungadhesins which have been described for therapeutic use include the
CD4-1g6 immuneadhesin Tar hlocking the binding of HIV ta cell-surface CD4. Data sbtained from Phage I clinical trials,
in which CD4-1g6 was administered to pregnant wamen just befare delivery, suggests that this immunoadhesin may be

useful in the prevention of maternal-fetal transfer of HIV (Ashkenazi f af, Intern. Rev. Immunol. 10:218-227 (1993).

fn immunoadhesin which Binds tumor necrosis factor {TNF) has also been developed. TNF is a proinfl y
cytokine which has been shown to be a major mediator of septic shack. Based on a mouse mode! of septic shock, a
TNF receptor immuneadhesin has shown promise as a candidate for clinical use in treating septic shock {Ashkenazi, A.
st al. (1921) PNAS USA 88:10535-10538). ENBREL® | pt), an i ihesi ising a TNF receptor

sequence fused to an IgG F region, was approved by the U.S. Food and Drug Administration (FDA), on November 2,
1998, for the treatment of rheumatoid arthritis. The new expanded use of ENBREL® in the treatment of rheumataid
arthritis has recently been approved by FDA an June B, 2000. Far recent infarmation on TNF blockers, including
ENBREL®, see Lovell ef al, . Engl. J. Med. 342: 763-168 (2000), and accompanying editarial on p810-811; and
Weinblatt of af, M. £ngl. J. Med, 340: 253-259 (1899); reviewed in Maini and Taylor, Anav. Rev. Med. 81: 207-220
{2000). tmmunoadhesins alss have non-therapeutic uses. For example, the L-selectin receptor immunoadhesin was
usad as a reagent for histochemical staining of peripheral lymph node high endathelial venules {HEV). This reagent was
also used to isulate and characterize the L-selectin ligand (Ashkenazi ot 4/, supra).

[f the two arms of the immunoadhesin structure have different specificities, the immunoadhesin is called a

"bispecific immunsadhesin™ by analogy to bispecific antibodies. Dietsch et al, J. /mmunol. Methods 162:123 (1993}

describe such a hispecific i fhesi bining the 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 immunoglobufin fusion protein so formed had an enbanced ability te bind to a myeloid cell line campared ta

the monaspecific immuncadhesins from which it was derived.
10
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The term " in” is used i with the “chimerie heteramultimer aghesin” and

refers to a complex of chimeric molecules (amino acid sequences) in which each chimeric molecule combines a
hiologically active partion, such as the extracallular domain of each of the heteromultimeric recepter monomers, with a
multimerization domain. The “multimerization domain” promotes stable interaction of the chimeric molecules within
the heteromultimer complex. The multimerization dumains may interact via an immunoglobulin sequence, leucine
zipper, a hydrophabic region, a hydrophilic regian, or a free thiol which forms an intermalecular disulfide bond between
the chimeric molecules of the chimeric heteromultimer. The multimerization domain may comprise an immunoglobulin
constant regien, In addition a multimerization region may be engineered such that steric interactions not only promote
stable interaction, but further promote the formation of heterodimers over hamodimers fram a mixture of monomers.
“Protuberances” are constructed by replacing small amin acid side chains from the interface of the first polypeptide
with larger side chains {e.g. tyrosine or tryptophan). Compensatory “cavities” of identical or similar size ta the
protuberances are aptionally created on the interface of the second polypeptide by replacing large amine acid side

is an

chaing with smaller ones (e.g. atanine or threonine). The i in sequence y, but nat
immunoglobulin constant domain, The immunaglehulin moiety in the chimeras of the present invention may be obtained
from IgG,, 1gG,, 1gG, or IgG, subtypes, IgA, IgE, gD or Iy, but preferably IgG, ar IgG,.

The term “epitope tagged” when used herein refers to a chimeric palypeptide comprising the entire chimeric
heteroadhesin, or a fragment thereof, fused to a "tag polypeptide™. The tag polypeptide has enaugh residues to provide
an epitope against which an antibady 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 eross-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.

) Ihi FTRETI P P haain® Heofatodl

¥ f ighty purifi

b jhesin”, and "i Jhigh ified/sut iall chireric Itimer adhesin”,

are used interchangeably and mean the adhesin that has been purified from a source or has been prepared hy

recombinant or synthetic methods and is sufficiently free of cther peptides or proteins to hemageneity hy

h hi hni or ather 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 profeins. The ErbB24-lgG chimeric heteroadhesins of the invention bind with
sufficiently greater affinity relative to the homadimers that the use of a mixture of hamodimers and heterodimers is
alsu 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 “antibody” is used in the broadest sense and specifically covers antibadies that recognize native
ErbB4 receptors. An antibody that shows “high affinity” hinding has a Kd of less than about 100 nM, preferably less
than about 50, more preferably less than about 28, most preferably less than about 10.

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

¥ ibodies, /., the individual antibodies comprising the populatien are identical except far

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

The monoclanal antibiodies herein include hybrid and recombinant antibodies produced by splicing a variable
(including hypervariable} damain of an anti-chimeric heteroadhesin 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 heterologous prateins, regardless of species of origin or immuneglobulin class or subclass designation, as
well as antibody fragments (e.g., Fab, Flah),, and Fv), sa lang as they exhibit the desired bielogical activity. (See, 2.4,
US Pat Na 4,816,567 and Mage & Lamayi, in Monaclonal Antibody Preduction Technigues and Applications, pp.79-87
{Marcel Dekker, Inc.), New York (1887)).

Thus, the modifier "manaclonal” indicates the character of the antibody as heing obtained from a

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

by any particular method. For example, the lonal antibodies te be used in jance with the present invention

may be made hy the hybridoma methad first described by Kohler & Milstein, Nature 256:485 (1975), or may be made
hy recombinant DNA methods (U.S. Patent No. 4,816,567). The "manaclonal antibodies” may alsa be isolated from

phage libraries using the techni described in y ef al, Nature 348:552-554 {1990}, for

example.
"Humanized" forms of nonhuman (eg. murine) antinodies are specific chimeric immuneglobulins,
immunoglobulin chains or fragments thereof (such as Fu, Fab, Fab', Flab), or ather antigen-binding subsequences of

antibodies) which contain minimal sequence derived from nen-human immunoglabulin. For the most part, humanized

are buman i {recipient antibody) in which residues from the camplementarity determining

regions (CDRs) of the recipient antibody are replaced by residues from the CORs of a non-human species {donor

antibady) such as mause, rat or rabbit having the desired specificity, affinity and capacity. In some instances, Fv

framewark region (FR) residues of the human i are replaced by cor nonhuman FR residues.
Furthermore, the humanized antibedy may comyrise residues which are found neither in the recipient antibody nor in

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

per In general, the ized antibody will comprise substantially all of at least one, and typically twa,
variale domains, in which all or substantially all of the CDR regions correspond to those of @ non-human

bulin and all or ally all of the FR residues are those of a human immunoglobulin consensus
12
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sequence, The humanized antibedy optimally also will comprise at least a portion of an immunoglobulin constant
region (Fe), typically that of a buman immunaglobulin.

*Muscle cels” include skeletal, cardiac or smooth muscle tissue cells. This term encompasses those calls
which differentiate to form more specialized muscle cells (8. 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 narrowing or stricture of a hollow 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 or ive migration and profiferation of vascular smooth muscle

cells and endothelial cells. Arteries are particularly susceptible to stenosis. The term “stenosis” as used hersin
specifically includes initial stenosis and restenosis.

The term "restenasis” refers to recurrence of stenosis after treatment of initial stenosis with apparent
success. Far example, “restenosis” in the context of vascular stenosis, refers to the reoccurrence of vascutar stenosis
after it has been treated with apparent success, e.q. by removal of fatty depoesit by balloon angioplasty. One of the
contributing factors in restenosis is intimal hyperplasia. The term "intimal hyperplasia”, used interchangeably with
"neointimal hyperplasia” and "neointima formation”, refers ta thickening of the inner most layer of h[nqd vessels,

intima, as a of i liferation and migratien of vascular smooth muscle cells and endothelial eells.

The varieus changes taking place during restenosis are aften collectively referred to as "vascular wall remadeling.”

The terms "balloon inal coronary angiepl (PTCA) are often

y" and "p

used interchangsably, and refer to a gical catheter-hased for removal of plague from the caranary

artery. Stenosis or restenasis often lead to hypertensian as a result of increased resistance to blood flow.

The term "pylaric stenosis® refers ta narrowing of pylarus, the passage at the lower end of the stomach that
opens inte the dugdenum.

The term “hypertension” refers to abnormally 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 or significantly reducing an effector function, such as ligand binding andjor elicitation of a cellular
response, of ErbB4. For the purpose 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 measuring the binding of
detectably labeled HRG to purified ErhB4 or to a cell ling exressing or madified to express ErbB4 in the presence and
absence of a candidate anti-ErbB4 antibody. Such assays are described in Example 4 belaw. For the purpose of the
present invention, the ahility of the anti-ErbB4 antibodies to neutralize the elicitation of a cellular response by ErhB4 is
preferably tested by menitoring the inhibition of tyrosine phosphorylation of ErbB4 by heregulin (HRG), ar in a cell
praliferation assay. Representative assays are disclused in Example 4 helow. “Significant” reduction means at least

ahaut 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 about 90%, still more preferably at least abaut 85%,
mast preferably at least ahout 89% reductian of an effectar function of the target antigen {e.g. ErhB4), such as ligand
{e.g. HRE) hinding and/or elicitation of a celiular response. Preferably, the “neutralizing” antibodies as defined herein
will be capable of neutralizing at least about 60%, or at least about 70%, preferably at least ahout 75%, mare
preferably at least about 80%; even mare preferably at least about 85%, still more preferably at least about 90%, still
more preferahly at least abaut 95%, most preferably at least abaut 99% of the tyresine phospharylation of ErbB4 by
HRE, as determined by the assay described in Example 4.

An “isolated” antihody is one that has been identified and sep andfar d from a of

of its natural envi are ials that would interfere with

its natural environment.
diagnostic ar therapeutic uses for the antibady, and may include enzymes, hormones, and other proteinacesus or non-
proteinaceous solutes. In preferred embodiments, the antihady will he purified (1) to greater than 85% by weight of
antibody as determined by the Lowry methed, and most preferably more than 99% by weight, {2) to a degree sufficlent
0 abtain at least 15 residues of N-terminal ar internal amino aeid sequence by use of @ spinning cup sequenator, or (3}
to homogeneity by SDS-PAGE under reducing or non-redusing conditions using Caomassie blue or, preferably, silver
stain. Isalated antihody includes the antibody in situ within recombinant cells since at [east one companent of the
antibody's natural envirenment will not be present. Ordinarily, hawever, isolated antibady will be prepared by at least

ong purificatian step.

The term “epitope” is used to refer to binding sites for ( lonal or polycl on protein
Y

antigens.

Antihodies which bind 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 en proteins, including solving the
crystal structure of an antibody-antigen camplex, competition assays, gene fragment expression assays, and synthetic
peptide-based assays, as described, for example, in Chapter 11 of Harlow and Lane, Using Antibedies, a Laboratary
Manual, Cold Spring Harbor Laboratory Press, Celd Spring Harbar, New York, 1989. Competition assays are discussed
below. According to the gene fragment expression assays, the open reading frame encoding the protein is fragmented
either randomly ar by specific genetic canstructions and the veactivity of the expressed fragments of the protein with
the antibody to he tested is determined. The gene fragments may, for example, he preduced by PCR and then

transcribed and translated into pratein /7 vitre, in the presence of radicactive amino acids. The binding of the antibody

to the radioactively labeled pratein fragments is then determined hy i precipitation and gel
Certain epitopes can also be identified hy using large libraries of random peptide sequences displayed an the surface of
phage particles {phage libraries). Alternatively, a defined fibrary of averlapping peptide fragments can be tested far
binding to the test antibody in simple binding assays. The latter approach is suitable to define linear epitopes of ahout
5 to 15 amino acids.

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

identical or sterically overlapping epitopes. The most widely used and rapid metheds for determining whether two
14
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epitapes bind to identical or sterically overlapping epitopes are compstition assays, which can he configured in all
number of different formats, using either labeled antigen er [abeled antibody. Usually, the antiuén is immobitized on a
96-well plate, and the ability of unlabeled antibodies to black the binding of labeled antibodies is measured using
radicactive or enzyme labels.

The phrase “infiibiting an ErbB4 (HER4) receptor” refers to the ahility of an ErbB4 antagonist te inhibit or
prevent activation of an ErbB4 receptor, for example, by blocking the binding of a figand to the ErbB4 receptor. The
“activation” of an ErhB4 receptar refers to receptor phospherylation, which can be quantified using the tyresine
phosphorylation assays, and downstream events that constitute induction of signal fransduction by the bound ligand.
“Inhibition” is any of these assays is at least about B0%, or at least about 70%, preferably at least ahout 75%, mare
praferably at least about 80%; even more preferably at least about 85%, still more preferably at least ahiout 80%, still
more 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 t¢ an untreated cell which has not been exposed to a ERbB4 antagonist either i witrg or in vive. The
expression “decreased cell proliferation” refers ta a decrease in the number of cells in a population exposed to an
ErbB4 antagonist either i vitre or in vive, relative to an untreated cell.

"Biological activity” where used in conjunction with an ExbB4 antagonist refers to the ability of an ErbB4

to control the ive proli fon or migration of smoath muscle cells, as determined in a relevant /7
vitra o in vive assay, including the PDGF-stimulated smaoth muscle celf proliferation and human aortic smosth muscle
cell migration assays described in the Examples hereinbelow, animal models and human clinical trials, irrespective of
the undertying mechanism. Thus, the biological activity of an ErbB4 antagonist includes, without fimitation,
functioning as an inhibitor of the hinding of a ligand or activation of a native ErbB4 receptor, andjor inhibition of
growth andjor migration of smooth muscle cells expressing an ErbB4 receptor on their surface.

The term “disease state” refers to a physiological state of a cell or of 2 whole mammal in which an
interruption, cessation, or disorder of cellular or body functions systems, or organs has occurred.

The term “effective amount” refers to an amount of a drug effective to treat fincluding prevention) a diseass,
disorder or unwanted physialogical conditions in a mammal. In the present invention, an “effective amount” of an
ErhB4 antagonist may reduce, slow down or delay the profiferation of smooth musele cells; reduce, slow down or delay
the migration of smosth muscle eells; prevent or infibit (e, slow ta some extent and preferably stop) the development
of stenasis or restenosis; and/ar relieve to some extent one or mare of the symptoms associated with stenosis ar
restenosis, in particular, prevent or inhibit (i, slow to some extent and preferably stap) the development of elevated
blood pressure associated with stenosis or restenasis.

Nucleic acid is "aperably linked" when it is placed into a functional relationship with another pucleic acid
sequence, For example, DNA for a presequence or secretory leader is operably linked to DNA for a polypeptide if it is
axpressed as a preprotein that participates in the secretion of the palypeptide; a promoter or enhancer is operably

linkad ta a coding sequence if it affects the transcription of the sequence; or a ribasame hinding site is eperably 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 being linked are contiguous, and, in the case of a secretory leader, contiguous and in reading phase.

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

If such sites da not exist, the synthetic aligonuclectide adapters or linkers are used in accordance with canventional

practice.

“Ph i ble" carriers, excipi or stabilizers are opes which are nantoxic to the cell or

mammal heing exposed thereto at the dosages and concentrations emplayed. Often the physiologicall bl

cartier is an aqueous pH buffered solution. Examples of physiologically acceptable cariers include huffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low malecular weight (less than about
10 residuss) polypeptides; proteins, such as serum athumin, gelatin, or immunaglobulins; hydrophilic polymers such as
palyvinylpyrralidone; amino aeids such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides,

and other including glucose, mannese, or dextrins; chelating agents such as EDTA; sugar

alcohols such as mannitol or sorbital; salt-forming counterions such as sodiums; andjor nonionic surfactants such as

Tween , polyethylene glycel {PEG), and Pluronics .

B. Methods for carrying out the invention
The invention concerns the treatment of stenosis by antagonists of native ErbB2 receptars. Although the

or a chimeric

invention is not so limited, in a preferred embodi the ist is an i

heteromultimer adhesin, Ireferred to as hybrid immunoglobulins), including their structure and

preparation, are described, 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 incarporated by reference.

1. Production of an immunaadhesin ar chimeric heteromultimer adhesin.

The description below relates primarily ta production of immunoadhesin by culturing cells transfarmed or

fected with a vector thesin 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 thersof, may be praduced by direct peptide synthesis using solid-phase
techniques [ses, e.g., Stewart at al., Solid-Phass Peptide Synthesis, W.H. Freeman Co., San Francisco, CA (1968);
Merifield, J. Am. Chem. Sec., 85:2149-2154 {1963)]. /r wiro protein synthesis may be performed using manual

or by at d synthesis may be accomplished, for instance, using an Applied Biosystems
Peptide Synthesizer (Faster City, CA) using manufacturer’s instructions. Various partions of the immunoadhesin may
be chemically synthesized separately and combined using chemical ar enzymatic methods to produee the full-length

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

DNA encading immunoglabulin light or fieavy chain constant regions is known ar readily available from cDNA
libraries or is synthesized. See far example, Adams et al., Biochemistry 18:2711-2719 (1980); Bough et al.,
Biochemistry 18:2702-:2710 {1980); Dolby et at; P.N.AS. USA, 77:6027-6031 (1880); Rice et al P.ALAS USA
78:7862-7865 (1982); Falkner et al; Nature 298:286-288 {1982); and Morrison et al; Ann. Rev. lmmunal. 2:238-256
(1984).

Ani thesin or a chimeric f in of the invention 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 incerporated into an expression vector. Suitable hest calls for elaning or expressing the vectors herein
are prokaryate host cells (such as £ cof, strains of Bacillus, Pseudomonas and other hacteria), yeast and other
eukaryotic microbes, and higher eukaryote cells (such as Chinese hamster ovary (CHO) cells and other mammalian
cells). The eells may also be present in live animals (for example, in cows, goats or sheep). Insect cells may also be
used. Cloning and expression methodalogies are well known in the art. )

To obtain expressian of an immunoadhesin such as a chimeric ErhBA4-Ig malecule, one or more expression

vector(s} isfare introduced into host cells by transfermation or fon and the resulting inant host cells are

cultured in conventional nutrient media, modified as tate for inducing p selecting binant cells, or
amplifying the ErbB4-lgG DNA. In general, principles, protocols, and practical technigues for maximizing the
pradugtivity of i# vitro mammalian cell cultures can be found in Mammalian Celf Biotechnology; & Practical Approach,
M. Butler, ed. (IRL Press, 1991).

# Constryction of nucleic acid encading immunoadhesin

When preparing the immuncadhesins of the present invention, preferably nucleic acid encoding an
extracellular domain of a natural receptor is fused C-terminally to nucleic acid encoding the N-teminus 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 functionally active hinge, CH2 and CH3 demains 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 correspending region of the light chain. The
resultant DNA fusion construct is expressed in appropriate host cells.

Nucleic acid molecules encoding amino acid sequence variants of native sequence extracellular domains {such
as from ErbB4) andjar the antibady sequences used to prepare the desired immunoathesin, are prepared by a variety of
methods known in the art. These methods include, but are not limited to, isolation from a natural souree (in the case
of naturally eccurring aming acid sequence variants, such as those mentioned above in connection with ErbB4) or
p ian by
an earlier prepared variant or a non-variant version of native sequence ErbB4.

17
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diated (or site-directed) is, PCR is, and cassette mutagenesis of
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Aming acid sequence variants of native sequence extraceliular domain included in the chimeric heteroadhesin
are prepared by introducing appropriate nucleotide changes inta the native extracellular domain DNA sequence, or by iz
vitro synthesis of the desired chimeric heteroadhesin monomer polypeptide. Such variants include, for example,
delations from, or insertions et substitutions of, residues in the amino acid sequence of the immuagadhesin or chimetic
heteroadhesin.

Variations in the native sequence as described abgve can he made using any of the techniques and guidelines
far conservative and non-canservative mutations set forth in Table 1.

In a preferred embodiment, the nucleic acid encodes a chimeric malecule in which the ErbB4 recepter
extracellular domain sequence is fused to the N-terminus of the C-terminal portion of an antihody (in particular the Fe
damain), cantaining the effecter functians 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, more preferably, a sequence beginning
in the hinge region just upstream of the papain cleavage site {which defines IgG Fc chemically; residue 218, taking the
first residue of heavy chain canstant region to be 114 [Kobet et al, supral, or analogous sites of other
immunoglobulins) is used in the fusion. In a particularly preferred embodiment, the ErbB4 recsptor extracallular domain
sequence is fused to the hinge region and CH2 and CH3 or CH1, hinge, CHZ and GH3 domains of an igG1, IgG2, or
IgB3 heavy chain. The precise site at which the fusion is made is not critical, and the optimal site can be determined
by routing experimentation.

For human immunoadhesins, the use of human IgG1 end Ig&3 immunoglobulin sequences is preferred. A major
advantage of using lgB1 is that lgG1 immuncadhesins can be purified efficiently on immabilized protein A. In contrast,
purification of IgG3 requires protein 6, 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 1gG3 hinge is longer and more flexible, so it can accommodate farger
“adhesin” domains that may nat fold or function properly when fused to IgG1. Anether consideration may he valency;

igG i dhesins are Givalent homodi whereas I subtypes Iike 1gA and igM may give rise to dimeric o

ic structures, r ly, of the basic Ig i dimer unit,

For ErbBA-g immunoadhesins designed for in vive application, the phamacokinetic properties and the
effector functions specified by the Fc region are impartant as well. Although 1gG1, [g62 and IgG4 all have in viva half-

lives of 21 days, their relative potencies at activating the complement system are different. IgG4 does not activate

and 1562 is signifi weaker at ivation than Ig61. Moreover, unlike IgG1, Ig62 does

not bind to Fc receptors on mononuclear cells or neutrephils, While 1gG3 is optimal for complement activation, its in
vivo half-life in approximately one third of the ather IgG isatypes.

Another important consideration for immunoadhesins designed to be used as human therapeutics is the

number of allotypic variants of the particular isotype. In general, IgB isotypes with fewer serologically-defined

allotypes are preferred. For example, IgG1 has only four serologically-defined allatypic sites, two of which (G1m and

2) are located in the Fo region; and ane of these sites GIm1, is non-immunagenic. In contrast, there are 12
18
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seralogically-defined allotypes in Ig63, 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 immunoadhesin.

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 pRKG-based vectors [Sehall et al, Cell 61, 361-370 {1890)] and CDM8-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 leotide-directed ional is [Zotler
and Smith, Mucleic Acids Res. 10, 6487 (1982); Capon et al., Natuwre 337, 525631 (1989)). Synthetic
oligonuclectides 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 used to join the two parts of the
maolecule in-frame with an apprepriate vectar.

Altheugh the presence af an immuneglabulin light chain is not required in the immunoadhesins of the present
inventian, an immuneglobulin light chain might he present either covalently associated to an trk receptor-
immunaglebulin heavy chain fusion polypeptide, or directly fused ta the trk receptar extracelfular domain. In the former
case, DNA encoding an immunaglobulin 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 associated to provide an immunoglebulinike structure comprising two disulfide-linked immunoglobulin
heavy chain-light chain pairs. Methad suitable for the preparation of sueh structures are, for example, disclosed in U.S.
Pat. No. 4,816,567 issued Mar. 28, 19889.

Another preferred type of chimeric ErhB4 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 using r i DNA

, the heterclagous polypeptide can be
cavalently hound to the extracellular domain polypeptide by techniques well known in the art such as the use of the

heterobifunctional crosslinking reagents.  Exemplary coupling agents include M-suecinimidyl-3-{2-pyridyldithiol)

propi (SPDP), imil (iT), bifunctional derivatives of imi {such as dimethy! adipimidate HCL), active
esters (such as dis imidyl suberate), ydes (such as gl Idehyde), bis-azido Is {such as bis {p-
idok )k diamine),  bis-diazani derivatives [such as his-(p-di l \l-ethylenediaming)

tiisocyanates (such as tolyene 2,6-diisocyanate), and his-active fluorine compounds {such as 15-difluere-2,4-

dinitrabenzene).

In ane embodi a chimeric k lhesin polypeptide comprises a fusion of @ menamer of the chimeric

dhesin with a tag e which provides an epitope to which an anti-tag antibody can selectively bind.
Such epitope tagged forms of the chimeric heteroadhesin are useful, as the presence thereof can be detected using a
[abeled antibody against the tag polypeptide. Also, provision of the epitope tag enables the chimeric heteraadhesin to
be readily purified by affinity purification using the antitag antibody. Tag polypeptides and their
19
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are well known in the art. Examples include the flu HA fag polypeptide and its antibady 12CAS, (Field ef &£, Mal. Cell.
Biof, 8:2159-2165 {1988]); the c-myc tag and the 8F9, 307, BE1D, 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
antibody (Pahursky'et af., Pratein Engineering 3(6):547-663 (1990)).

Another type of covalent modification of a chimeric heteromultimer comprises linking a manomer polypeptide

of the heteromultimer to one of a variety of nan-proteinaceous polymers, &.g., polysthylene glycal, polyprapylene

glycsl, palyaxyalkyl ar of polyethylene glycal and polypropylene glycol. A chimeric heteramultimer
also may he entrapped in microcapsules prepared, for example, by hini or by i
polymerization {for example, hyd lcell or  gelatin-mi psules and  paly imethacyl

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

microemulsions, nano-particles and or in i Such iques are disclosed in

Remingtan's Pharmaceutical Sciences, 16th edition, Oslo, A, Ed., {1880).

(i Sefection and Transformation of Host Cells
Host cells are or t i with expression or cloning vectors described herein for
prod and cultured in ional nutrient media modified as apprapriate for inducing promoters,

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

princigles, protocols, and practical techni for imizing the productivity of cell cultures can be found in

Mammalian Cell Biotechnolagy: a Practical Appreach, M. Butler, ed. {IRL Press, 1981) and Samhroak et al., supra.

The terms ion" and jon” are used i herein and refer to the process of
intraducing DNA into a cell. Following transformation or transfection, the nucleic acid ef the invention may integrate
into the host cell genome, or may exist as an extrachromasomal element. Methods of eukaryatic celt transfection and
prokaryatic cell transformation are known to the ardinarily skilled artisan, for example, CaCl, CaPO;, lipasome-
mediated and electroporation. Depending on the hast cell used, transformation is performed using standard technigues
appropriate to such cells. The calcium treatment employing caleium chloride, as described in Sambroak et al., supra, or
electraporation is generally used for prakaryotes. Infection with Agrebacterium tumefaciens is used for transformation
of certain plant cells, as described by Shaw et al,, Gene, 23:315 {1983) and WO 89/05859 published 28 June 1989,
For mammalian cells without such cell walls, the calcium phosphate precipitation method of Graham and van der Eb,
Virology, 52:456-457 (1978) can he employed. General aspects of mammalian cell host system transfections have
been described in U.S. Patent No. 4,399,216. Transformations into yeast are typically carried out according to the
method of Van Solingen et al., J. Bact., 130:946 (1977) and Hsiao et al., Proc. Natl. Acad. Sci. (USA), 76:3829
{1879). Hawever, other methods for intreducing DNA inta cells, such as by nuclear micrainjestion, electroporation,

hacterial protoplast fusion with intact cells, or polycations, e.g., polybrene, polyornithine, may also be used. Far

various iques for i lian calls, see Keown et al, Methods in Enzymology, 185:627.537 (1996)

and Mansour et al., Nature, 336:348-352 (1988).
20
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Suitable host eells for cloning or expressing the DNA in the vectors herein include prakaryote, yeast, or higher
eukaryote cells. Suitable prokaryotes include but are nat limited to eubacteria, such as Gram-negative or Gram-positive
for example, Enterob i such as £ coli. Various £ eoff strains are puhlicly avaifable, such as £. coff

K12 strain MM294 {ATEC 31,448); £, eaki X1776 (ATCC 31,537); £. eoff strain W3110 (ATCC 27,325) and K5 772
{ATCC 53,635). Other suitable prokaryotic host cells include i such as Fscherichia, .., F. coli,

Fon " 5

Enterobacter, Frwinia, Klebsiella, Prateus, 8. imurigm, Serratia, ©.4.. Serratia

marcescans, and .S‘/ui].e//a,_ as well as Bacilli such as B, subtifis and B, ficheniformis (e.q., B. Kcheniformis 41P disclosed

in DD 266,710 published 12 April 1888), Psaud: suchas 2. i and Streptomyees. 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 recomhinant DNA product fermentation. Preferably, the host cell seeretes minimal amounts of
proteolytic enzymes. For exarople, strain W3110 may be modified to effect a genetic mutation in the genes encoding
proteins endogenous ta the hast, with examples of such hosts including £. coff W3110 strain 1A2, which has the
complete genatype fand; £. calf W3110 strain 9E4, which has the complete genotype zond ptr3; E. coff W3110 strain
27C7 {ATCC 55,244), which has the complete genotype fend pir3 phod £15 {myﬂlac}lﬁﬁ degP ompT kan; E. colf
W3110 strain 3706, which has the complete genotype tond ptr3 phoA E15 (argF-lac) 168 degP ampT rbs7 ivG kar; F.
calf W3110 strain 40B4, which is strain 37D6 with a nan-kanamycin resistant degP deletion mutation; and an £, coff
strain having mutant periplasmic pratease disclosed in U.S. Patent No. 4,846,783 issued 7 August 1990,
Aiternatively, iz vitro methods of cloning, e.g., PCR or other nucleic acid polymerase reactions, are suitable.

In addition to prokaryotes, sukaryatic microbes such as fitamentous fungi or yeast are suitahle cloning ar

pression hosts for i in-encoding vectars. jsiae is a used lower eukaryotic

host microorganism. Others include Schizosaccharomyces pombe (Beach and Nurse, Nature, 280: 140 [1981]; EP
139,383 published 2 May 1985); Ktuyveromyces hasts (U.S. Patent No. 4,943,529; Fleer et al., Bio/Technology,
9:968-975 (1991)) such as, e.g., A. /actis IMW98-8C, CBS683, CBSA574; Louvencourt et al,, J. Bacteriol., 154(2):
737-1742 [1983)), K. fragilis (ATCC 12,424), K. bulgaricus \RTCC 16,048), K. wickeramii (ATCC 24,178), K. waltii
{ATCC 56,500), K. drosophilarum (ATCC 36,906; Van den Berg et al, Bio/Technology, 8:135 {1990), £
thermotoferans, and K. marxiamus; 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); Neurospara crassa (Case et al., Proc. Natl.
Acad. Sci. USA, 76:5258-5263 [1979)) i such as 7 identalis (EP 394,538
published 31 Qctober 1990} and filamentous fungi such as, eg. spore, Penjcillivm, Tolypecladium (WO

91/00357 published 10 January 1991), and Aspergillus hosts such as 4. nidulans (Ballance et al. Biochem. Biophys.
Res. Commun,, 112:284-289 [1883); Tilburn et al., Gene, 26:205-221 [1983]; Yelton et al,, Proc. Natl. Acad. Sci.
USA, 81: 1470-1474 [1984)) and 4, ager {Kelly and Hynes, EMBO J., 4:475-479 [1985]). Methylotrapic yeasts are

suitable herein and include, but are net limited to, yeast capahle of growth on methanol selected fram the genera

cansisting of Hansenufa, Candida, Klveckera, Pichia, Saccharomyces, Torulegsis, and Rhadatorufa. A list of specific

21
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species that are exemplary of this class of yeasts may be found in C. Anthony, The Biochemistry of Methylotraphs
269 (1982).

Suitahle host cells for the expression of gly in are derived from multicellular

arganisms. Examples of invertebrate cells include insect cells such as Drosophila S2 and Spodaptera Sf9, as well as
plant cells. Examples of useful mammalian host cell lines include Chinese hamster ovary (CHO) and COS cslls. Mare
specific examples include monkey kidney CV1 line transfermed by 8¥4Q (C0S-7, ATCG CRL 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, 77:4216 {1880)); mouse
sertoli cells (TM4, Mather, Bial. Reprod., 23:243-251 {1980)); buman lung cells (138, ATCC CCL 75); human liver
cells {Hep G2, HB 8065); and mouse mammary tumor {MMT 060562, ATCC CCLS1). 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-lg i fhesins depends
mainly on the expression veetor {sea below}. Another consideration is the amount of protein that is required. Milligram
quantities often can be produced by transient transfections, Far example, the adenavirus ElA-transfermed 293 human
embryanic kidney cell line can be transfected transiently with pRK5-based vectors by a modification uf 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 ab, Celi 61, 1303-1313 {1990)]; Zettmeissl et al,, DNA Cell Biol. {US) 8,
347-353 (198011 If larger amounts of protein are desired, the immunoadhesin can be expressed after stable
transfection of a host cell line. For example, a pRKS-based vector can be infreduced inte Chinese kamster avary (CHO)

cells in the presence of an additional plasmid encoding dibydrefalate {DHFR) and i i to

6418. Clones resistant to G418 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

immunoadhesin sequences is co-amplified. If the i contains a ic leader sequence at its N-

terminus, it is likely to be processed and secreted hy the transfected cells. The expression of immuncadhesins with
mare camplex struciures 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).

fii} Selection and Use of a Replicable Vector
The nucleic acid encoding immuncadhesin may be inserted inta a replicatle vector for cloning (amplification
of the DNA) or for expression, Various vectors ars publicly available. The vector may, for example, be in the form of a

plasmid, casmid, viral particle, or phage. The appropriate nucleic acid sequence may be inserted into the vector by a

varigty of procedures. In general, DNA is inserted inta an appropriate site(s) using
Kknowm in the art. Vector 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 promater, and a transeriptien termination
22
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sequence. Construction of suitable vectors containing one or more of these components employs standard ligation
technigues 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 polypeptide having a specific cleavage site at the
N-terminus 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
prokaryotic signal sequence selected, far example, from the group of the alkaline phosphatase, penicillinase, pp, or

heat-stable enterotoxin Il leaders. For yeast secretion the signal sequence may he, e.g., the yeast invertase leader,

alpha factor leader (including Sacck and Ky yeas o-factor leaders, the [atter described in U.S. Patent
Na. 5,010,182), or acid phosphatase leader, the £. afbicans gluceamylase lsader (EP 362,178 published 4 April 1980},
or the signal described in WO 90{13646 published 15 ber 1980. In ian cell expressil li

signal sequencés may be used to direct secretion of the pratein, such as signal sequences from secreted palypeptides
of the same or related species, as well as viral secretory leaders.

Bath expression and cloning vectors eontain a nucleic acid sequence that enables the vector ta replicate in
one or more selected host cells. Such sequences are well known fer 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 ariging {SV40, polyoma, adenovirus or BPY) are useful for 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 to antibiotics or other toxins, e.g., ampicillin,

yei or t ycline, (b} auxotrophic deficiencies, or {¢) supply critical nutrients not
available from camplex media, e.g., the gene encading B-alanine racemase for Zacill.

An example of suitable selectable markers for mammalian cells are those that enable the identification of
calls competent to take up the immunaadbesin-encading nucleic acid, such as DHFR or thymidine kinase. An
appropriate host cell when wild-type DHFR is emplayed is the CHO cell line deficient in DHFR activity, prepared and
propagated as deseribed by Urlaub et al., Proc. Natl. Acad. Sci. USA, 77:4216 {1980). A suitahle 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., Giene, 7:141 (1979); Tschemper et al., Gene, 10:157 (1980}l The 7p1 gene provides a selection marker for a
mutant strain of yeast lacking the ability to grow in tryptophan, for examyple, ATCC No. 44076 or PEP4-1 [Janes,
Genetics, 85:12 (1977)].

Expression and cloning vectors usually contain a promoter operably linked to the immunoadhesin-encading

nucleic acid sequence to direct mRNA synthesis. Promoters recognized by a variety of potential hast cells are well
known. Pramoters suitable for use with prokaryotic hosts include the B-lactamase and lactose promoter systems
[Chang ef al., Nature, 275:615 (1978); Goeddel et al, Nature, 281:544 (1879)], alkaline phasphatase, a iryptophan

{trp} promoter system [Goedde!, Nucleic Acids Res., 8:4087 (1980); EP 36,7761, and hybrid promoters such as the tac
23
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promoter (deBaer et al., Proc. Natl. Acad. Sci. USA, 80:21-25 (1983)]. Promaters for use in bacterial systems also will
contain a Shine-Dalgarno {S.D.) sequence operahly linked to the BNA encoding immuncadhesin.

Examples of suitable promoter sequences for use with yeast hosts include the promoters for 3-
phosphaglycerate kinase [Hitzeman et al., JJ. Biol. Chem., 265:2073 (1980)] ar other glycolytic enzymees [Hess et al.,
J._Adv, Enzyme Reg., 7:149 {1968); Holland, Biochemistry, 17:4900 (1878)], such as enolase, glyceraldehyde-3-

phosphate dehydrog hexokinase, pyruvate decarbaxyl asph | ol B-phosph
3-phosphaglycerate mutase, pyruvate kinase, tri isomerase, i and
Other yeast pramoters, which are inducible having the additional of

contralled by growth conditions, are the promoter regions for alcohal dehydrogenase 2, isocytochreme G, acid

enzymes iated with nitrogen ism, metallothionein, yde-3:

¥ and enzymes r ible for maltase and galactose utilization. Suitahle vectors and promoters for use
in yeast expression are further described in EP 73,657.

The transcription of immunoadhesin fram vectars in mammalian host cells is controlled, for example, by
pramoters obtained from the genomes of viruses such as polyama virus, fowlpox virus (UK 2,211,504 published & July
1988), adenovirus (such as Adenovirus 2), bevine papilloma virus, retrovirus {such as avian sarcoma virus),
cytamegalovirus, hepatitis-B virus and Simian Virus 40 (S¥40); from heterolagous mammalian promoters, e.q., the
actin promoter or an immunoglohulin promoter, o from heat-shock promoters, provided such pramoters are compatihle
with the hast cell systems.

Transcription of a DNA encoding the immunoathesin by higher eukaryotes may be increased by inserting an
enhancer sequence into the vector. Enhancers are ¢/s-acting elements of DNA, usually about from 10 to 300 by, that
act an a promater to increase its transcription. Many enhancer sequences are now knawn fram mammalian genes
{globin, elastase, albumin, o.-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
cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the replication origin, and
atenovirus enhancers. The enhancer may be spliced inte the vector at a position 5 or 3’ to the immunoadhesin coding
sequence, but is preferably [ocated at a site 5' from the promofer.

Expression vectors used in eukaryotic host cells {yeast, fungi, insect, plant, animal, human, or nucieated cells

from other multicelfular organisms} will also cantain y far the ination of iption and for

stabilizing the mRNA. Such sequences are commanly available from the 3 untranslated regians of eukaryotic or viral

DNAs or cDNAs., These regions contain i as poly d fragments in the

untranslated portion of the mRNA encoding immunoadhesin.

Still other metheds, vectars, and host cells suitable for adaptation te the synthesis of immunoadhesin in
recomhinant vertebrate cell culture are described in Gething et al., Nature, 293:620-625 (1981); Mantei et al., Nature,
281:40-46 (1879); EP 117,080; and EP 117,058.
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i) Purification of immunaadhesin

An immunaadhesin ar a chimeric hetersadhesin preferably is recovered from the cutture medium as a secrated
polypeptide, although it also may be recovered from host cell lysates. As a first step, the particulate debris, either
host calls or [ysed fragments, is remaved, for example, by ceatrifugation o ultrafiltration; optionally, the protein may
be coneentrated with a commercially available protein concentration filter, followed by separating the chimetic

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

ffinity column; ianation on an i hange column; ium sulphate or ethanol precipitation; reverse

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

resin; chromatofacusing; SDS-PAGE; and gel filtration,

A particularly advantageous method of purifying i is affinity ct graphy. The choice of

affinity ligand depends on the species and isotype of the immunoglobulin Fc demain that is used in the chimera. Pratein
A can be used to purify immunoadhesins that are based on huran lgG1, IgG2, or lg64 heavy chains [Lindmark st al,, J.
Immunol. Meth. 82, 1-13 {1983)). Pratein G is recormended for all mouse isotypes and for human IgG3 (Guss et al.,
EMBO J. 5, 15671575 (1986)]. The matrix to which the affinity ligand is attached is most often agarose, but other

matrices are also available. Mechanically stahle matrices such as lled pore glass or polyl

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

uncenditioned culture fluid. One distinguishing feature of i thesins is that, for human IgG1 molecules, the

binding capacity for protein A is somewhat diminished relative to an antibody of the same Fc type, Bound
immunoadhesin can be efficiently eluted either at acidic pH lat or above 3.0), or in a neutral pH buffer containing a
mildly chaotropic salt. This affinity chromatography step can result in an immunoadhesin preparation that is >95%
pure.

Dther methods known in the art can he used in place of, or in addition to, affinity chromatography an protein
A or G to purify immunoadhesins. mmunoadhesins behave similarly tu antibodies in thiophilic gel chromatography
[Hutchens and Porath, Anal. Biochem. 159, 217-226 (1986)] and inmahilized metal chelate chromatagraphy [Al-
Mashikhi and Makai, J. Dairy Sci. 71, 1756-1763 (1988)). In contrast to antibodies, however, their behavior on fon
axchange 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 immunoadhesin, such as ErbBA-gG. facilitates purification using an
immunoaffinity column cantaining antihody to the epitope to adsorb the fusion palypeptide. Immunoatfinity columns
such as a rabbit palyclonal anti-ErbB4 column can be employed to absorb the ErbB4-IgG by hinding it to an ErhB4
immune epitape.

In some embodi ihe ErbB4 receptori in chimeras (immuncadhesins) are assembled as

monomers, or hetero- or homo-multimers, and particularly as dimers or tetramers, essentially as illustrated in WO
25
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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, 1gD, and IgE exist. A fourunit structure is repeated ’in the higher molecular weight
immunoglabulins; lgM generally exists as a pentamer of basic four units held together by disuffide honds. igA globufin,
and accasionally 96 glabulin, may alsa exist in multimeric formt in serum. In the case of multimer, each four unit may
be the same or 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 one or which is EsiB4. Thus, the immunoadhesins
of the present invention may have binding specificities for two distinct ErbB ligands, For hispecific malecules, trimeric
malecules, composed of a chimeric antibody heavy chain in one arm and a chimeric antibody heavy chain-fight chain

pair in the other arm of their antihody-like structure are advantageous, due to ease of purification. In contrast to

" " o

hod!
intibody-p

used for the production of bispecific immuncadhesins, which produce a
mixture of ten tetramers, cells transfected with nucleic 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.

v Characterization of immunoadhesin

Generally, the ErbB4 chimeric heteromultimers of the inventian will have any one or mare of the following
praperties: {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-IgGIErbB4-Ig6 complexes; and {c] the ability to inhibit activation of a natural
heteromultimeric receptor by depleting ligand from the environment of the natural receptor, thereby inhibiting
proliferation of cells that express the ErbBZ and ErhB4 receptor.

To screen for property {a), the ahility of the chimeric ErbB4 heterommltimer a&hesin 1o bind to a ligand can be

readily determined /z vitro. For example, immunoadhesin forms of these receptors can be generated and the ErbB2/4-lg

in can be immabilized on a salid phase {e.g. an assay plates coated with goat-anti-human antibody).

P .
heter

The ability of a ligand to bind to the i ilized i thesin can then be d ined. For more details, see the %I

HRG hinding assay described in the Example befew.

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 can be used to qualitatively and quantitatively measure the ability of an HER4 chimeric heteroadhesin to

inhibit activation of a HER4 receptor.

The ahility of ani thasin, chimeric t ihesin such as ErbB2)4-1g, or other molecule of the present
invention to inhitit proliferatian of a celi that expresses the ErbB2 and ErbB4 receptor 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(6):2012-2018 (1996)). These tumor cell lines

may be plated in cell cuiture plates and allowed ta adhere thereto. The HRG ligand in the presence and ahsence of a
26
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potential ErbB4 antagomist such as an ErbB4 chimeric hesin is added. vers are washed and

stained/fixed with crystal violet and cell growth inhibition is quantified.

2. Antibady preparation
Anather preferred class of ErbB4 antagonists comprises
i Polyclonal antibodies

to this receptor.

Methods of preparing polyclonal antibodies are known in the art. Polyclonal antihodies can be raised in a
mammal, for example, by one or more injections of an immunizing agent and, if desired, an adjuvant. Typically, the
immunizing agent andlor adjuvant will be injected in the mammal by multiple subeutaneaus or intraperitoneal injections.
It may be useful to conjugate the immunizing agent to a profein known to he immunogenic in the mammal being
immunized, such as serum albumin, or soybean trypsin inhibitor. Examples of adjuvants which may be employed include
Freund's corplete adjuvant and MPL-TDM.

i Menoelonal antibodies

Monoclonal antibadies may be made using the hybridoma method first described by Kohler et af, Natwe,
256:495 {1879), or may be made by recombinant DNA methads (U.S. Patent No. 4,816,567).

In the hyhridoma methiod, a mouse or other appropriate host animal, such as a hamster or macaque monkey,
is immunized as hereinahave 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 /7 vitre.
Lymphacytes then are fused with myeloma cells using a suitahle fusing agent, such as palyethylene glycal, te form a
hybridoma cell (Goding, Jonal Antibodies: Principles and Practice, pp.59-103, {Academic Press, 1986]).

The hybridema cells thus prepared are seeded and grown in a suitable culture medium that preferably
contains one or more substances that inhibit the growth er survival of the unfused, parental myeloma cells. For
guanine phasphorihosy! transf {HGPRT or
il i in, and idine (HAT

example, if the parental myeloma cells lack the enzyme

HPRT), the culture medium far the hybridomas typically will include hyp:

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

Preferred myeloma cells are these that fuse efficiently, suppart 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 morine myeloma lines, such as those derived from MOP-21 and MC.- 11 mouse tumors available
from the Salk Institute Cell Distribution Center, San Diego, California USA, and 8P-2 or X63-Ag8-653 cells availahle

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

heteromyeloma cell lines also have been described for the p jon af human lonal antibodies {Kozbor, ..
fmmunol,, 133:3001 (1884); Bradeur et al, Monoclonal Antibody f ion Technigues and Applications, pp. 51-63,
Marcel Dekker, Inc., New York, [1987]).
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Culture medium in which hybridoma cells are growing is assayed for production of monoclanal antibodies

directed against the antigen. | y, the hinding specificity of lonal antibadies produced hy hybridoma cells
is determined by immunoprecipitation or hy an i vitre bindinﬁ assay, such as radioimmuneassay (RIA) or enzyme-
linked immunosorbent assay (ELISA).

The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard analysis
of Munsan et al., Anal. Biachem., 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 {Goding,”
Monocional Antibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)). Suitable culture media for this
purpose include, for example, DMEM ar RPMI-1840 medium. In addition, the hybridoma cells may be grown iz vivo as
ascites tumars in an animal.

The monoclanal antibodies secreted by the subclones are suitably separated from the culfure medium,

ascites fluid, er serum by in purification proced such as, for example, protein A-

Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography.

d using ional p

DNA enceding the monoclonal antibodies is readily isolated and seq

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

chains of the | The byhri cells serve as a preferred seurce of such DNA. Once isolated, the

DNA may be placed inta expression vectors, which are then transfected inta host cells such as £ coff cells, simian COS

calls, Chinese hamster evary (CHO} cells, or myeloma cells that do not otherwise produce immunoglubulin protein, ta

obtain the synthesis of Jonal antibadies in the i host cefls. 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
hemelogaus murine sequences, Morrisan, ef &/, 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 non-immunaglobulin polypeptide. In that
manner, "chimeric” or "hybrid” antibodies are prepared that have the binding specificity of an anti-ErhB4 ;eceptnr

monaclonal antibody herein.

Typically such non-i in palypeptides are i 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 ta create a chimeric hivalent antitiody comprising one antigen-combining site having specificity for a ErbB4

site having ificity for a different antigen.

regeptar and another antig
Chimeric or hybrid antibadies also may be prepared /7 wira using known methods in synthetic protein
chemistry, including those invalving crosslinking agents. For example, immunoetoxins may be censtructed using a

tisulfide exchange reaction or by foming a thiosther hond. Examples of suitable reagents for this purpase include

and methyk4 butyrimidate.

Recarmbi juction of antibodies will be described in more detail betow,
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fi} Humanized antibodies

Generally, a humanized antibody has ene or more aming acid residues introduced into it from a non-human
source. Thase non-human amino acid residues are often referred ta as "import” 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 (1988); Riechmann et al., Nature, 332:323-327 {1988); Verhaeyen et
al., Science, 239:1534-1636 {1988]], by substituting rodent CDRs or CDR for the pondi

of a human antibody.

dingly, such "h i" antibodies are chimeric antibodies (Cabilly, supra), wherein substantially less

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

It is important that antihodies be humanized with retention of high affinity for the antigen and other
favarable hiclagical properties. To achieve this goal, according to a preferred methed, humanized antibodies are

prepared by a process of analysis of the parental seq and various ized products using three-

dimensional models of the parentaf and i Three dimensional i lin models are

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

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

these displays permits analysis of the likely role of the residues in the functioning of the candidate immunoglobulin
saquencs, i.e. the analysis of residues that influsnce the ability of the candidate immunoglobufin to hind 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 antigenis), 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.

[ Human antibadies

Human monoclonal antibodies can be made by the hybridoma method. Ruman myeloma and mouse-human

heteromyeloma cell lines for the p ion of human have been described, for example, by

Kozhor, J. Immunol. 133, 3001 (1984), and Brodeur, ef al, Monoclonal Antibody Production Techniques and
Applications, pp.51-83 (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

repertoire of human antibodies in the absence of endog i i ion. _Far example, it has been

described that the homozygous deletion of the antibedy heavy chain jeining region {4,) gene in chimaric and germ-line
mutant mice results in complete inhibition of endagenous antibody praduction. Transfer of the human germ-line

immunaglobulin gene array in such germine mutant mice will result in the production of human antibadies upon
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antigen challenge. Ses, e.g. Jakohovits 8t af, Proc. Natl. Acad. Sci. USA 90, 2551-255 (1993); Jakebovits ef af,
Nature 362, 265-258 (1993).
Mendez ef al. (Mature Benetics 16: 146-156 [1997}) have further impraved the technalogy and have generated

a line of ic mice desi das " \I" that, when chal { with an antigen, generates high affinity
fully human antibodies. This was achieved by gerr-line integration of megabase human heavy chain and light chain loci
into mice with deletion inte endogenous J, segment as described above. The Xenamause Il harbors 1,020 kb of human
heavy chain locus containing approximately 86 Vy genes, complete Dy and Jy regions and three different constant
regions (1, & and ), and alse harbors 800 kb af human « lacus containing 32 Vi genes, Jk segments and Cx genes.
The antibodies produced in these mice closely resemble that seen in humans in all respects, including gene

" ) :

rearrangement, assembly, and repertoite. The human antibodies are p i aver

antibodies due to deletion in endogenaus Jy segment that prevents gene rearrangement in the murine locus.
Alternatively, the phage display technolagy (McCafferty ef al, Nature ﬂ, 552553 (1990]) can be used to

variable {V) domain gene repertaires

produce huran and antibady fi i vitra, from i

from unir ized denors. According to this i antibody ¥ domain genes are cloned in-frame inte either a
major or minor coat protein gene of a filamentous bacteriophage, such as M13 or fd, and displayed as functional
antibody fragments on the surface of the phage particle. Because the filamentous particle contains a single-stranded
DNA copy of the phage genome, selections hased on the functienal properties of the antibody also result in selection of
the gene encading the antibady exhihiting those properties. Thus, the phage mimics some of the properties of the B-
cell. Phage display can be performed in a variety of farmats; for their review see, e.g. Johnson, Kevin S. and Chiswell,
David J., Current Opinign in Structural Biglogy 3, 564-571 (1993). Several saurces of V-gene segments can be used
far phage display. Clackson et &/, Nature 352, 624-628 {1991) isolated a diverse array of anti-oxazalone antibodies

from & small random combinatorial library of V genes derived from the spleens of immunized mice. A repertoire of V
genes from unimmunized human donors can be constructed and antibodies to a diverse array of antigens (including self-
antigens) can be isolated jally fallowing the techi described by Marks er a/, J. Maol, Biol. 222, 581-587

{1991}, or Griffiths e af, EMBO J. 12, 725-734 (1993). In a natural immune respanse, antihody genes accumulate

mutations at a high rate {somatic hypermutation). Seme of the changes introduced will eonfer higher affinity, and B

cells displaying high-affinity surface i are fally vepli and dif i during

antigen challenge. This natural process can bs mimicked by empluying the technigue known as “chain shuffling®
(Marks ef 2/, Bio/Technol. 10, 779-783 [1992]). In this methad, 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 oecurring variants (repertoires) of V dumain genes obtained from uni ized donors. This allows

the production of antibodies and antibedy fraufnsnts with affinities in the nM range. A strategy for making very large
phage antibady repertoites {also known as "the mother-of-all liararies™) has heen described by Waterhouse ef al,, Nucl.
Acids Res. 21, 2265-2266 (1983), and the isolation of a high affinity human antibady directly fram such large phage

library is reported by Griffiths f af, EMBO J. 13: 3245-3260 (1894). Gene shuffling can also be used to derive
30
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human antibodies from rodent antibodies, where the human antibody has similar affinities and specificities to the
starting redent antibody. According to this method, which is also referred ta as “epitope imprinting", the heavy or light
chain ¥ domain gene of rodent antihadies obtained by phage display technique is replaced with a repertoire of human ¥
domain genes, creating rodent-human chimeras. Selection an antigen results in isolation of human variable domains
capable of restaring a functional antigen-binding site, i.e. the epitope gevers {imprints] the cheice of partner. When
the pracess is repeated in order to replace the remaining radent ¥ domain, a human antibody is obtained (see PCT
patent application WO 83/06213, published 1 April 1993). Unlike traditional humanization of rodent antibodies by

CDR grafting, this ique provides letely human antibadies, which have no framework or CDR residues of
radent origin.

v Bispecific antihodies

Bispecific antibodies are lonal, pr ly human or b d, antibodies that have binding specificities

for at least two different antigens. In the present case, one of the hinding 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,

Methods far making bispecific antihodies are known in the art. Traditionally, the hi duction of

bispecific antibodies is based on the co-expression of two immunoglebulin heavy chain-light chain pairs, where the two
heavy chains have different specificities (Millstein and Cuello, Nature 305, $37-539 (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 anly one has the carrect hispecific structure. The purification of the correct
molecule, which is usually done by affinity chromatagraphy steps, is rather cumbersome, and the product yields are
low. Similar procedures are disclosed in PGT application publication No. WO 93/08828 {published 13 May 1993), and
in Traunecker ef 2/, EMBQ 10, 3655-3659 (1991).

According to a different and mors preferred appraach, antibody variable domains with the desired binding
specificities (antibody-antigen combining sites) are fused to immunoglobulin canstant domain sequences. The fusion
preferahly is with an immunaglobufin heavy chain censtant domain, comprising at least part of the hinge, CH2 and CH3
regions. It is preferred to have the first heavy chain constant region (GH1) containing the site necessary for light chain
binding, present in at least one of the fusians. ‘Di¥As encoding the immunaglobulin heavy chain fusions and, if desired,
the immunaglabulin 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 emhodiments when unequal raties of the three polypeptide chains used in the construction provide the
optimum vields. [t is, hawever, possible to insert the coding sequences far twe or all three polypeptide chains in one
expression vector when the expression of at least two polypeptide chains in equal ratios results in high vields or when

the ratios are of no particular significance. In a preferred embodiment of this appraach, the bispecitic antibudies are

of a hyhrid i in heavy chain with a first binding specificity in one arm, and a hybrid
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immunoglobulin 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 hispecific eompound from
chain combinations, as the presence of an immunoglabulin light chain in only ene half of the bispecific molecule
provides for a facile way of separatian.

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

) Heteraconjugate antibodies
Heterocanjugate antibodies are also within the scope of the present invention. Heteraconjugate antibodies

ly joined antibadies. Such antibodi have,furexample,heenpruposédtu(aruetimmune

are composed of two
system cells to unwanted cells (U.S. Patent No. 4,676,980}, and for treatment of HIV infection (PCT application
publication Nos. WO 91/00360 and W0 82/200373; EP 03089). Heteroconjugate antibodies may e made using any
convenient crass-linking methads. 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.

{vi)Antibody fragments

In certain embodiments, the ErbB4 antagonist antibody {including reurine, human and humanized antibodies, and

antibody variants] is an antihody fragment. Various iques have heen ped for the ion of antibady
fragments. Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see, 2.,
Morimato af af, J. Biochem. Biophys. Mathods 24:107-117 (1992) and Brennan ef al, Seience 228:81 (1885)).
Hawever, these fragments can now be produced direetly hy recombinant hest cefls. For example, Fab'-SH fragments
can he directly 4 from £, coli and chemically coupled to form F{ab'), fragments {Carter et af, Bio/Technology

10:163-167 {1992)). In another embadiment, the Flah'}, is formed using the leucine zipper GCN4 to promate assembly
of the Flab'), molecule. Accarding to another approach, Fv, Fab or F(ab'), fragments can be isolated directly from

recombinant host cell cufture. Other techni for the production of antibady f will be apparent to the

skilled practitioner.

fvii) Aming acid segueace variants of antibodies

Amino acid sequence variants of the ErbB4 antagonist antibodies are prepared by intraducing appropriate
nucleotide changes into the ErbB4 antagonist antibody DNA, ot by peptide synthesis. Such variants include, for
example, deletions from, and]ar insertions inte andjor substitutions of, residues within the amino acid sequences of the

ErbB4 antagonist 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 the desired chi istics. The

amino acid changes also may alter p lational pi of the ized or variant ErbB4 antagonist antibody,

such as changing the number or positian of glycosylatien sites.

32

JP 2004-507559 A 2004.3.11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

(98)

WO 02/18444 PCT/US01/26984

A useful methad fer 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 Gunningham and Wells
Science, 244:1081-1085 (1989). Here, a residue or group of target residues are identified (e.g., 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 receptar antigen. Those amino acid locations

i ing functional sensitivity to the substitutions then are refined by introducing further or other variants at,

or for, the sites of substitution. Thus, while the site for introducing an amino acid sequence variation is
predetermined, the nature of the mutation per se need not be predetermined. For example, ta analyze the
performance of a mutation at a given site, ala scanning or randarn mutagenesis is conducted at the target codon or
region and the expressed ErbiB4 antibody variants are screened for the desired activity.

Amino acid sequence insertions include amina- andfar carbexyl-terminal fusions ranging in length from one
residue to polypeptides containing a hundred or more residues, as well as intrasequence insertions of single or
multiple amino acid residues. Examples 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 ErbB4 antaganist
antihody malecule include the fusicn ta the N- or C-terminus of the ErbB4 antagonist antibedy of an enzyme or a
polypeptide which increases the serum half-life of the antihody.

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 a different residue inserted in its place. The sites of

greatest interest for ituti is include the hype regions, but FR alterations are also

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

such substitutions resuit in a change in biological activity, then mare substantial changes, denaminated "exemplary

substitutions® in Table 1, or as further described belaw in reference to amino acid classes, may be introduced and the

products screened.
Table 1
Original Residue Exemplary Preferred
Substitutions Substitutions
Ala(s) val; lew; ile vhl
Arg(R) Lys; gln; asn Iys
Asn (N) gln; his; asp, lys; arg glo
Asp (D} glu; asn glu
Cys (C) ser; ala ser
Gln (Q) asm; gl asn.
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Glu (B) asp; gln. asp
Gly (G) ala ala
His (H) as; gln; lys; arg arg
e (I} leu; val; met; ala; Ieu
phe; norleucine
Leu (L) norlencine; ile; val; ile
met; ala; phe
Lys () arg; gln; asn arg
Met (M) leu; phe; ile leu
Phe (F) leu; val; ile; ala; tyr tyr
Pro (P) ala ala
Ser (S) thr thr
Thr (T) ser ser
Trp (W) Tyr; phe tyr
Tyx (Y) ‘Trp; phe; thr; ser phe
Val(V) Tle; leu; met; phe; JTen
) ala; norleucine

Substantial modifications in the hiclogical properties of the antibody are accomplished by selecting
substitutions that differ significantly in their effect an maintaining (a) the structure of the polypeptide backhone in
the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or hydrophebicity of the

molecule at the target site, or (c) the bulk of the side chain. Naturally occurring residues are divided into groups

based on commen side-chain properties:

{1) hydrophobic: norleucine, mef, ala, val, leu, ile;

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

{3) acidic: asp, ghs;

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

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

{6) aromatic: trp, tyr, phe.

N

will entail exchanging @ member of one of these classes for anather class.

\ nservative
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Any cysteine residus not invelved in maintaining the proper conformation of the ErbB4 antagonist antibady
also may be substituted, generally with serine, to imprave the oxidative stability of the molecule and prevent aberrant
crosslinking. Conversely, cysteine bond(s) may be added to the antibody ta improve its stahility (particularly where

the antibady is an antihody fragment such as a Fv fragment).

v A particularly preferred type of substitution variant involves substituting 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 biological properties relative to the parent antibody from which they are
generated. A cenvenient way for generating such substitution variants is affinity maturation using phage display.
Briefly, several hypervariable region sites (e.g. 6-7 sites) are mutated ta generate all possible amino substitutions at

@ach site. The antibody variants thus generated are displayed in a fashion from fil phage

narticles as fusions ta the gene Ill product af M13 packaged within each particle. The phage-displayed variants are
then screened for their biological activity {e.g. antaganist activity) as herein disclosed. In order to identify candidate
hypervariable region sites for madification, alanine scanning mutagenesis can be performed to identify hypervariable
vegion residues contributing significantly te antigen binding. Alternatively, or in addition, it may be bensficial to

analyze a crystal structure of the antigen-antitody cemplex to identify contact points between the antibody and ErbB

receptor. Such cantact residues and nei ing residues are candidates for substituti ding ta the techni

elahorated herein. Once such variants are generated, the panel of variants is subjected to screening as described
herein and antibedies with superior properties in ene or move relevant assays way be selected for further
development.

Anether type of amine acid variant of the antibody alters the original glycosylation pattern of the antibody.
By altering is meant deleting one or mare carhohydrate moieties found in the antibody, andjor adding one or more
glycosylation sites that are not present in the antibady.

Glycosylation of antibodies is typically either N-linked ar Odinked. N-linked refers to the attachment of the

carbohydrate moiety te the side chain of an asparagine residue. The tripep ine-X-serine and

asparagine-X-threonine, where X is any amino acid except proline, are the recognition sequences for enzymatic

of the car moiety to the side chain. Thus, the presence of either of these tripeptide

sequences in a polypeptide creates a potential glycosyl: fi site. O-linked glycasylation refers to the attachment of
ane of the sugars N-aceylgalactosamine, galactose, or xylose to a hydroxyamina acid, most commonly serine ar
threonine, althaugh 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 above-described tripeptide {far N-linked glycosylati
sites). The alteration may alsa be made by the addition of, ar substitution by, ene or mdre serine or threaning
residues to the sequence of the original antibody (for D-linked glycusylation 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
335
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natural source {in the case of naturally occurring amina acid variants} or ion by
mediated {or site-directed) is, PCR is, and cassette is of an earlier prepared vatiant or

anon-variant version of the ErhB4 antaganist antibody.

i) Dther modifications of antibodias
The ErbB4 antagonist antibodies disclosed herein may also be formulated as immunalipesames.  Liposomes
containing the antibody are prepared by methads known in the art, such as described in Epstein er a/, Proc. Nad.
Acad. Sci. US4 82:3688 (1985); Hwang ef al, Proc. Natl Acad. Sei, USA 77:4030 (1880); and U.S. Pat. Nos.
4,485,045 and 4,544,545, Lipasomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556.
Particularly useful liposomes can be generated by the reverse phase evaporation method with a lipid
phasphatidylchaling, cholesterol and PEG-derivatized phosphatidylethanalamine (PEG-PE).

Liposames are extruded through filters of defined pore size to vield liposomes with the desired diameter. Fab'
fragments of the antibody of the present invention can be conjugated to the liposames as described in Martin et &/, J.
Bijol. Chem. 257:286-288 {1982) via a disulfide interchange reaction. A chemotherapeutic agent (such as
Doxorubicin) is optionally contained within the liposome. See Gabizon ef af, J. National Cancer Ipst.81(19):1484
{1988).

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 {e.¢., a peptidyl chemetherapeutic agent, see W081/01145) to an active
anti-cancer drug. See, for example, WO 88/07378 and U.S. Patent No. 4,975,278.

The enzyme component of the immunacanjugate 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 imited to, alkatine phosphatase
useful for converting phosphate-cantaining prodrugs into free drugs; arylsulfatase useful for cenverting sulfate

containing prodrugs into free drugs; cytosine deami useful for ing non-toxic 5 yiosine inte the anti-

cancer drug, S-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 inta free drugs; D-
alanylcarhoxypeptidases, useful for converting prodrugs that contain D-amino acid substituents; carbohydrate-
cleaving enzymes such as -palactasidase and neuraminidase useful far converting glycosylated prodrugs into free
drugs; -lactamase useful for converting drugs derivatized with -lactams inta free drugs; and penicillin amidases, sush

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

or groups, ively, into fres drugs. A i ibadies with ic activity,
also known in the art as "abzymes”, can be used to convert the pradrugs of the invention into free active drugs (see,
&.g.. Massey, Nature 328:457-458 (1987)). Antibody-abzyme conjugates can be prepared as described herein far

delivery of the abzyme to a tumoar cell population.
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The enzymes of this invention can be covalently bound ta the ErbBA antagonist antibadies by techniques

e

well knewn in the art such as the use of the b ifunctional crosslinking reagents di d ahove. Alf

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

functionally active portion of an enzyme of the invention can he using inant ONA iques well
known in the art (see, &.g., Neuberger et af., Nature 312:604-608 [1884)).

In certain embadiments of the invention, it may be desirable to use an antibody fragment, rather than an
intact antibady. In this case, it may be desirable to modify the antibody fragment in order to increase its serum half-
life. This may be achieved, for example, by incarparation of a salvage receptor hinding epitope 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 antibady fragment at either end or in the middle, &g, by DNA or peptide
synthesis). See W036/32478 published Octaber 17, 1996.

The salvage receptor hinding epitope generally constitutes a region wherein any one or more amine acid
residues from one 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 demain of the Fe region (e.g., of an IgG) and transferred to the CH1,
CH3, ar V,, region, or more than ane such region, of the antibody. Altematively, the epitape is taken from the CH2
domain of the Fc region and transferred to the G, region or V) regian, or hoth, of the antibody fragment.

Covalent modifications of the ErbB4 antagonist antibodies are also included within the scupe of this
invention. They may be made hy chemical synthesis or by enzymatic or chemical cleavage of the antibody, if
applicahle. Dther types of covalent medifications of the antibody are introduced inte the molecule hy reacting targeted
amino acid residues of the antibody 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
5.534,615, specifically incorporated herein by reference. A preferred type of covalent modification of the antibody
comprises linking the antibody to one of a variety of nonproteinacecus polymers, e.g., p'olvethvlene glycal,
polyprapylene glycol, or poly kyl 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 0r 4,178,337,

3 Preparation of soluble ErbB4 veceptars
Soluble ErhB4 receptors, such an ErbB4 extracellular domain, can be prepared by culturing cells

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

alternative methads, 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., supra; and Merrifield, supra). In vitrs protein synthesis may be performed

using manual techniques or by i mated synthesis may be accomplished, for instance, using an Applied

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

full-length soluble receptar,

Recombinant production of saluble ErbB4 receptors is performed ially as described hereinabove in
connection with immungadhesins.

The most convenient method for the [arge-scale production of soluble ErbB4 receptars is by cleavage fram an
ErbB4-lg immunoadhesin. The structural similarity between immunoadhesins and artibodies suggested that it might be
possible ta cleave immunaadhesins by proteolytic enzymes such as papain, to generate Fd-like fragments containing
the “adhesin” partion. In order ta provide a more generic approach for eleavage of immunoadhesins, proteases which
are highly specific for their target sequence are to be used. A protease suitable for this purpose is an engineered
mutant of subtilisin BPN, which recognizes and cleaves the sequence AAHYTL. Introduction of this target sequence
into the suppart hinge region of an ErbB4-1gG (e.g. IgG1} immunoadhesin facilitates highly specific cleavage betwesn
the Fc and trk domains, The IgG1 immunoadhesin is purified by protein A chromategraphy and cleaved with an
immobilized form of the enzyme. Cleavage results in twe praducts; the Fe region and the ErbBA4 region, which is
preferably an ErbB4 extracellular domain. These fragments can he separated easily by a sacond passage over & protein
A column to retain the Fc and obtain the purified ErbB4 fragment in the flow-through fractions. A similar approach 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 af receptors and corresponding ligands are involved in smooth muscle celt
proliferation in various organs. Accordingly, an ErhB4 receptor antagonist may be utilized for the treatment of a variaty
of "diseases or disorders” invalving smooth muscle cell profiferation in a mammal, such as a human,

In a preferred emhbodiment, the present invention concerns the use of ErhB4 receptor antaganists for the
treatment of cardiac diseases invalving praliferation of vaseular smooth muscle cells (YSMC) and [eading to intimal
hyperplasiz such as vascular stenosis, restenosis resulting from angioplasy or surgery ar stent implants,
is and hy i iewed in and Teirstein, £ardiol. Rev. 7: 219-231 [1994]; Andres, Mt. /.
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 autacrine, paracrine or juxtacrine manner, which result in
migration of YSMCs from their normal location in media to the damaged intima. The migrated VSMCs preliferate
excessively and lead to thickening of intima, which results in stenesis or oeclusion of blaed vessels. The problem is

compounded by platelet aggregation and depusition at the site of lesian. cu-thrambin, a multifunctional serine protease,

is concentrated at site of vascular injury and sti VSMCs proliferation. Fellowing activation of this receptor,
VSMCs produce and secrete various autecring growth factars, including PDBF-AA, HB-EGF and TGF-B (reviewed in
Stouffer and Runge, Semin. Thromb. Hemost. 24. 145-150 [1998]).

Various members 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-fike grawth factor (HB-EGF) is a potent
38
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mitogen and a chemotactic factor for fibroblasts as well as VSMCs but nat enduthelial cells (reviewed in Raab and
Kiagsbrun, Bischim. Biophys. Acta 1333: F179-199 [1997)). Vascular endothelial growth factor (VEGF), a powerful
angiogenic factor, induces the expression of HB-EGF in vascular endothelial cells {Arkenac et al, J. Riol. Chem. 273:
4400-4405 [1998]), HB-EGF hinds to and activates HERT and ErbB4 receptors initiating a signal transduction cascade
that ultimately results in migration and proliferation of fibroblasts and VSMCs. HB-EGF also stimulates YSMCs to
secrete various factors that are mil ic for endothefial cells (Al itch ef af, FEBS Lett. 425: 441-447 [1998]).

Mareover, it alse induces chemotactic respanse in enduthelial cells. Similarly, another ligand that activates EGF
receptors, epivegulin, is secreted by VSMCs stimulated with angietensin I, endothelin-1 and thrombin, and alse acts as
a powerful mitogen for proliteration of VSMCs (Taylor ef af, Prac. Natl. Acad. Sci. USA 96: 1633-1638 [1999]).
Vascular stenasis gives rise to hypertension as a result of increased resistance to blood flow. Mereover,
decreased blaod supply to the tissue may also cause necrasis and induce inflammatory response leading fo severe

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

tissues. f inal coronary (PTCA), simply referred to as balloon angioplasty, is a nan-
surgical catheter-based treatment for ohstructive coranary artery disease. In this method, a catheter is introduced in
the blood vessel and a balloon is inflated at the site of plaque in order to mechanically disldge the plaque.
Alternatively, stent is implanted to restore smooth hlaed flaw. However, nesintimal formation takes place even within

the implanted stent, known as "in-stent restenosis.” For example, stent deplayment results in early thrombus

and acute i tissue and ulti y smooth muscle cell proliferation and

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

Althaugh balloon angioplasty has been used widely for the treatment of stenosis, its long-term success is
limited by restenosis. Restenosis persists as the bimiting factor in the maintenance of vessel patency after PTCA,
agccurring in 30-50% of patients and accounting for significant morbidity and health care expenditure. The underlying
mechanisms of restenosis are comprised of a combination of effects fram vessel recoil, negative vascular remadeling,

thrombus ion and neointimal hyperplasia. these events are interconnected. For example, negintimal

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

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

inflammatary For instance, ial injury induces ion of EGF, EGF-like factors and EGFR in

VSMCs, which act upon them in an autocrine manner ta stimulate their profiferation lsading to intimal thickening and

E llular matrix (ECM) f jan and lation tn the vessel wall is another important campanent

of the restenosis lesion that develaps after balloon angioplasty.
A multitude of pharmacological trials have been cenducted in an attempt to prevent restenosis, but mast
have demonstrated fittle benefits. Early clinical trials in restenosis prevention using various revascularization devices,

anti-platelet drugs, anti-thrombotic drugs and anti-inflammatery drugs were unifarmly negative {reviewed in Casterella
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and Teirstein, Cardial. Rev. 7: 219-231 (19991 Andres, /at. J. Mol. Med. 2: 81-89 [1898]; and Rosanio ef #/, Thromb.
Haemost. 82 [suppl 1): 164-170 [1999]). Inspite of all the recent progress, there s still no satisfactory treatment for
stenasis or prevention of restenosis after balloon angioplasty or stent implantation. Although limited success has been
achieved in small randorized trials, stenosis, and particularly restenosis, remains & major clinical problem. The instant
invention discloses the use of ErbB4 receptar antagonists for the treatment of stenosis or restenosis by controlling the
praliferation of vascular smaoth muscle cells.

The scape of the present invention, however, is not restricted to the disorders of the vascular smooth muscle
cells. The scope specifically includes any disarder that results from prolfiferatian of smooth muscle cells in any organ
and that invalves an active role of ErbB4 receptors and/er carresponding ligands.

Infantile hypertrophic pylaric stenosis {IHPS) is a relatively common disease that primarily affects young
infants. The underlying stenosis causes functional abstruction 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
pylaric stenosis (Que and Puri, Pediatr. Res. 45: 853-857 [1998]). Furthermore, increased expression of EGF, EGF
receptor and HB-EGF has been reported in SMCs in pyloric circular and longitedinal muscle from IHPS patients as
compared to contral tissues (Shima ef al, Pediatr. Res. 47: 201-207 [2000)). The antagonists of ErbB4 disclosed
herein may find use in the contral of pyloric smeath muscle cell proliferation and therefars in the treatment of pyloric
stenasis.

The contractile nature of smaoth muscle cells and regulation of their contraction by various factors play a
crucial role in the utinary collecting system including bladder, ureters and urethira. A membrane-bound precursor form
of HB-EGF is expressed in urinary bladder smooth muscle cells and epithelial cells (Freeman ef al, J. Clin. /nvest. 9%:
1028-1036 [1997]; Kaefer ot al,, J. Urol. 163: 580-584 [2000]). Moreover, treatment of bladder SMCs with diphtheria
toxin, which is known to utilize membrane-bound HB-EGF as a receptor, inhibited their proliferation {Kaefer et al., ibi).
HB-EGF is a potent mitagen for bladder SMC proliferation, and it acts hy binding ta ErbB1 (HER1) receptars expressed
by these calls, thus acting as an autocrine growth factor (Borer of af, Lab fovest, 79: 1335-1345 [1999]). The authors
also demanstrated 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 respense ta abstructive syndrames
affecting the lower wrinary tract. Therefore, ErbB4 antagonists of the instant invention, particularly ErbB4
immunoadhesin, may prove useful in controlling praliferation of bladder smoath muscle cefls, and consequently in-the
prevention ar treatment of urinary obstructive syndromes.

The obstructive airway diseases are yet anather group of diseases with underlying pathology involving
smooth muscle cell proliferation. One example of this group is asthma which manifests in afrway inflammation and
firanchoconstriction. 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 al, Am.
J, Physial, 273: L10-15 [1997); Cohen &f af,, Am. J. Respir. Cell. Mal. Biol. 16: 85-90 [1897]). Accordingly, the ErbB4

antagonists of the present invention may be used for the treatment of abstructive airWay diseases.
40

JP 2004-507559 A 2004.3.11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

35

(106)

WO 02/18444 PCT/US01/26984

There are two major approaches to introducing the nucleic acid {optionally contained in a vector) into the

patient’s cells; iz viva and ex wve. For in vive delivery the nucleic acid is injected directly into the patient, usually at

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

nucleic acid is intraduced into these isolated cells and the modified cells are administered to the patient either directly
or, for example, encapsulated within porous memhranes which are implanted info 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 cells. The techniques vary
depending upan whether the nucleic acid is transferred into cultured cells &2 vitro, or i vive in the cells of the intended
host. Techniques suitable for the transfer of nucleic acid inte mammalian cells /# vitre include the use of liposomes,
electraparatian, microinjection, cell fusion, DEAE-dextran, the calcium phosphate precipitation method, etc.

A commonly used vectar far ex’ vive delivery of the gene is a retrovirus. The currently preferred in vive 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 DDTMA, 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 antihody specific for a cell surface membrane pratein or the target cell, a ligand for a
receptar on the target cell, etc. Where lipasomes are emplayed, proteins which bind to a cell surface membrane protein
associated with endocytosis may be used for targeting andjor to facilitate uptake, e.g. capsid proteins or fragments
thereof tropic for a particular cell type, antihadies for proteins which undergo internalization in eycling, and preteins
that target i llular focali
is descritied, for example, by Wu et a£, J. Biol. Chem. 262:4429-4432 (1987); and Wagner et al,, Proc. Natl. Acad. Sci.
USA 87:3410-3414 (1990). For review of the currently known gene marking and gene therapy protocols see Andersan
ot al,, Science 256:808-813 {1992). See also WO 93{25673 and the references cited thergin,

and enhance i half-life. The technique of receptor-mediated endocytasis

Therapeutic formulations are prepared for storage by mixing the ErbB4 antagonist having the desired degree

of purity with optional physiologi e carriers, excipi ar il s P

Sciences, 16th Edition, Osal., A., Ed., {1880)). in the form of lysphilized cake or aquesus solutions. Pharmaceutically

carriers, excipi ar ilizers are non-toxic to 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 serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidene; amino acids such as glycine, glutamine,
asparagine, arginine or [ysine; menasaccharides, disaccharides, and other carbohydrates including glucase, mannose, ar
dextrins; chelating agents such as EBTA; sugar alcehols such as mannitof or sorbitel; saft-forming counterions such as
sodium; and/or nanionic surfactants such as Twsen , Plutenics , o polyethylene glycal (PEG).
An antibody or an immunoadhesin to he used for &7 wivo administration must be sterile. This is readily
accumplisﬁed by filtration through sterile filiration membranes, prior to or following Iyophilization and reconstitution.

The formulation ardinarily will be stared in iyophilized form or in solution.
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Therapeutic compasitians are generally placed into a container having a stetile access port, for example, an

intravenous salution bag or vial having a stopper pierceahle hy a hypodermic injection needle.

The route of antibady, i dhesin ar chimeric | dhesin admini is in accord with known
methods, ey, injection or infusion by i |, intracerebral, i intragcular,
intraarterial, or intralesional routes, or by sustained-release systems as noted below. The heteroadhesin ar antibody is
administered continuously by infusien or by halus injection.

Suitable ples of sustained-rel ions include i matrices of solid hydrophohic

pelymers containing the protein, which matrices are in the form of shaped articles, e.g., films, or microcapsules.
Examples of sustained-release matrices include paly hydrogels {e.g., poly(2 hyl-methacrylate} as
described by Langer e al, J. Biomed. Mater. Res., 15:167-277 (1981) and Langer, Chem. Tech., 12:88-105 {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 e a, Biopolymers, 22:547.556 (1983)), non-degradable ethylene-vinyl acetate {Langer ef

e

al., supra), di lactic acid-glycolic acid copoly such as the Lupren Depot (injectable microspheres
composed of lactic acid-glycalic acid copolymer and leuprolide acetate), and poly-D-{-}-3-hydroxybutyric acid (EP
133,988).

! ErbB4 ist also include fi lh i drug. Liposomes cantaining ErbB4

antagonist are prepared by methods known per se: Epstein af a/, Proc. Natl. Acad. Sci. USA 82:3688-3682 (1985);
Hwang &t al. 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. Patant 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 ahout 30 mel. % chelesteral, the selected proportion being adjusted for the optimal therapy. Particularly

useful lipasomes can be generated by the reverse phase evaporation method with a fipid composition comprising

and PEG-derivatized phosphatidylethanolamine (PEG-PE). Liposames are extruded

through filters of defined pors size to yield liposomes with the desired diameter. A chemotherapeutic agent (such as

Doxorubicin) is optionally contained within the liposome. See Gabizen ef af, J. Mational Cancer Inst. 81(19):1484
(1989).

The ErbB4 antagonist of the invention may be used to bind and sequester ErbB4 ligand or hlock 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

for such ch

and dosing ic agents may be used ing to i ions or as
determined empirically by the skilled practitioner. Preparation and dosing schedules for such chemotherapy are also

desctibed in Chemotherapy Service Ed., M.C. Perry, Williams & Wilkins, Baltimare, MD {1992). The chematherapeutic

agent may precede, ar follow administration of the ist or may be given simul ly therewith.
An effective amount of antagonist ta be employed therapeutically will depend, for example, upen the

therapeutic ohjectives, the route of administration, and the candition 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 ta obtain the maximum
therapeutic effect. A typical dosage might range from about 1 gkg fo up ta 100 mg/kg of patient body weight,
preferably abaut 10 g/kg to 10 mg/kg. Typically, the clinician will administer antagonist until a dosage is reached that

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

5. Methods far identification of molecules that inhibit or enhance the

praliferation ar migration of smooth muscle cells

The present invention discloses a methad of screening to identify molecules that can inhibit or enhance the
praliferation of smooth muscle cells. For example, a candidate molecule is incubated with a palypeptids comprising the
extracellular domain of an ErbB4 receptor, followed by adding to a culture of smooth muscle cells and determining the
effect on the proliferation of cells. The ErbB4 receptor may be a native ErbB4 receptor such as a human EviB4
receptor, or may be a polypeptide having at least 85% sequence identity with the amine acid sequence of a native
ErbB4 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 micr ically by counting the number of
silver grains in an autoradiagraph or biochemically by liquid scimillati\on counting. Similarly, incarporation of 5-broma
2"-deoxyuridine (BrdU) inta cellular DINA can be moritored sither microscopically or immunalogically. Bath assays
utilize highly specific monaclonal antibodies that recegnize BrdU incorparated into DNA. In the microscepic assay, the
cells are permeahilized, reacted with Brdl specific manoclonal antibadies followed by labeled secondary antibodies.
The secandary antibodies are detected by virtue of an attached label such as a fluorescent dye {fluorescein
isothiocyanate (FITC), rhodamine, Texas Red etc) or an enzymatic label {alkaline phosphatase, horseradish peroxidase
etcl. A suitable subsirate that produces an insoluble praduct upon 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 monaclenal antibodies specific far BrdU as well

as ELISA kits containing such antibodies are available commercially from a number of sources including Boehringer
Mannheim. A flow cytemetry can also be used to monitor cell proliferation. In this method, cells are fractionated based
on the nuclear DNA cantent per cell. Since the nuclear DNA cantent varies among eells undergoing division depending

on the phase of cell cycle (2n in 61 phase, 4n in G2+M phase and intermediate value in S phase, wherein nis the value

of haplaid nuclear DNA cantent), cell profiferation can be rapidly moni by estimating the fraction of cells in 8 and
62+M phases using this approach,

Since ErbBd-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 profiferation.
One such step is a ligand-induced tyrosine autophosphorylation of ErhB4 receptor, which can he monitored by the kinase
receptor activation (KIRA) assay as described in WO095/14930. This ELISA-type assay is suitable for qualitative or

of kinase activation by ing the ylation of the kinase damain of a receptor
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protein tyrasine kinase such as ErbB4. The first stage of the assay involves phaspharylation of the kinase domain of
£rhB4 receptar present in the cell membrane of a smooth muscle cell. Typically, a first salid phase (e.g., @ well of a first

assay plate) is coated with a substantially h lation 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. Antibodies specific for flag
polypeptide are used in the ELISA part of the assay to capture the receptor with flag pepfide. A candidate molecule and a

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

muscle cells, followed by manitering tyrasine ylation of ErbB4 receptar by the KIRA assay. A polypeptide
comprising an amine acid sequence having at least 85% sequence identity with the amino acid sequence of the
extracellular domain of ErbB4 receptor can also be used in the assay. Fallowing exposure, the smooth muscle cells are
solubilized using a lysis huffer (which has a selubilizing detergent therein) and gentle agitation, thereby releasing cell lysate
which can be subjected to the ELISA part of the assay directly, without the need for concentration or clarification 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 micratiter 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.
Coating of the second solid phase is carcied out so that the capture agent adheres ta the second solid phase. The capture
agent is generally a monaclanal antibady but palyclonal antibodies may also be used. The cell lysate abtained 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 secand solid phase. A washing step is then carded out, o as to remove unbound cell lysate, leaving the
captured receptor or receptor construct. The ad'hering or captured receptar or receptar canstruct is then exposed to, or
contacted with, an anti-phosphotyrosine antibody which identifies phaspharylated tyrosine residues in the tyrosine kinase

receptor. In the preferred i the anti i ine antibody is conj {directly or indirectly) to an

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

antihody directly, or a cenjugating moleculs {e.g., biotin) can be to the anti ine antibody and the

enzyme can be suk ly bound ta the anti-phospt ine antibody via the conjugating moleculs. Finally, binding of

the anti-phasphotyrosine antibody ta the captured receptor or receptor canstruct is measured, £.4., by a color change in the

color reagent. Anti i ibadies that are ially available can be used for the assay.

The instant invention alsa pravides for a method for screening of molecules which can inhihit or enhance
migration of smooth muscle cells. One of the formats utilizes a compartmentalized chemotaxis cell culture chambers such
as Neufnpmhe ChemaTX chemotaxis chambers available from (Neuroprobe Inc., Gaithersburg, MD). In this method, &
porous filter separates smooth muscle cells in the upper chamber from a medium containing a chemoattractant {e.g.

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

smooth musele cells that have migrated to the bottom of the filter are counted using an inverted microscape.

A ional library er a combinatorial library of chemical compaunds can be used for sereening purpose.

An automated approach adapted for high throughput can be conveniently used for the assay. However, the screening

assays are not icted only to small even such as can be used for the

screaning.

EXAMPLES
The following examples are offered by way of illustration and not by way of limitation. The examples are
provided so as to provide those of erdinary skill in the art with a complete diselasure and description of how to make
and use the compounds, compositions, and methads of the invention and are not intended to fimit the scape of what
+the inventars regard as their invention. Effarts have been made to insure aceuracy with respect to numbers used (e.g.
amaunts, temperature, etc.) but some experimental errars and deviation should be accounted fer. Unless indicated
otherwise, parts are parts by weight, temperature is in degrees C, and pressure is at or near atmosphetic. The

disclosures of all citations in the specification are expressly incorporated herein by reference.

Example 1: Construction, isolation and biochemical characterization of immunoadhesins and chimerig

heteromultimer immunaadhesins

A unique Miu | site was engineered into a plasmid expressing human IgG heavy chain (pDR, a gift from J.
Ridgeway and P. Carter, Genentech, Inc.) at the region encoding the hinge domain of the immunoglobulin. Miu | sites
were also engineered into a set of ErisB4 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. Sci. U.S.A. 82:488
{1985)). The Mlu | sites were utilized to make the ErbB4-1g6 fusion The fusion junction of the
ErbB-IgG chimera was: 6%° g -(TR}DKTH?* , where the amina acid numbering of the ErbB4 polypeptide is described
in Plawman af af, {Plawman, 6.D. ef 2, (1993a) PNAS USA 90:1746-1750), The conserved TR sequence is derived

from the Miu | site. The sequence of the Fe region used in the preparation of the fusion constructs is found in Ellison,
JW. ot ol (Eison, J.W. ef 4/ (1982) NAR 10:4071-4079). The final expression constructs were in a pRK-type
plasmid backbone wherein eukatyotic expressian is driven by a CMV promoter (Gorman ef 2/, DNA Prot. Eng. Tech.
2:3-10{1990))

To obtain protein far iz vifro experiments, adherent HEK-203 eells (ATCC No. CRL-1573) were transfected
with the expression plasmid using standard calcium phosphate methads (Garman &f 41, supra and Huang e af, Nucleic

Acids Res. 18:937-947 (1830)). Serum-centaining media was replaced with serum-free media 15 howrs post-

and the fected cells incubated for 57 days. The resulting conditioned media was harvested and

passed through Protein A columns {1 mL Pharmacia HiTrap ). Purified IpG fusions were eluted with 0.1 M citric acid
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(pH 4.2) inta tubes containing 1 M Tris pH 9.0, The eluted proteins were subsequently dialyzed against PBS and
concentrated using Centri-prep-30 filters (Amicon). Glycerol was added to a final concentration of 25% and the
material stored at -20 C. Concentrations af material were determined via a Fe-ELISA

. HRG Binding Assay

The EGFike domain of HRG 117,49 Was expressed in £. co#, purified and radioiodinated as described
previously {Stiwkowski, M. g a/ J. Biol. Chem. 269:14667-14665 (1994)). Full-length rHRG 1, which was expressed
in Chinese hamster ovary cells, was used in Western hlot analysis. Binding assays were performed in Nunc breakapart
immuno-madule plates. Plate wells were coated at 4 C ovemight with 100 [ of 5 g/m! goat-anti-human antibody
{Boehril i) in 50 mM cart buffer ([pH 9.6). Plates were rinsed twice with 200 | wash buffer {PBS/
0.05% Tween-20) followed by a brief incubation with 100 { 1% BSAJ PBS for 30 min at roam temperature. Buffer

was removed and each well was incubated with 100 [ IgG fusion protein in 1% BSAJ PBS under vigerous side-to-side

rotation for 1 hour. Plates were rinsed three times with wash buffer and competitive binding was carried out by
adding various amounts of cold competitor -HRG and "*-HRG 1 and incubating at reom 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
program (Munsen, P. and Robard, D. (1980} Analytical Biochemistry 107:220-239).

*H-Thymidine incerporation assay

Tritiated thymidine incorporation assays were performed in @ 96-welt format. MCF7 cells were plated at
10,000 cellshwell in 50:50 F12/DMEM (high glucose) 0.1% fetal calf serum {100 ml). 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
1J20 diluted tritiated thymidine stock: Amersham TRA 120 B363, 1 mCijml) and the plates incubated a further 3
fiours. Tritiated material was then harvested onta GFIC unifilters (36 well format) using a Packard Filtermate 196

harvester. Filters were counted using a Packard Topcount apparatus.

Example 2: Effect of ErhB4-lgG immunoadhesin on human aortic smooth muscle cell proliferation

Human aortic smooth muscle cells {Clonetics) were seeded at ahout 50% confluent density (3000 cells/well)

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

M199 supplemented with ITS (1X), 2 mh L-glutamine, 50 pgfml ascarbic acid, 26.5 mM NaHC03, 100 Ufm penicillin,
100 Ujml streptorayein and 0.1% {v/v) fetal bovine serum. The cells were further incubated for 16 h. The cells were
then treated with either Her4-Ig6 (400 nM} or buffer for 1 h, followed by treatment with PDGF {100 ngiml) for 40 h.
Control cells were [eft untreated ta estimate the hasal level of cell growth. An afiquot of Brdt) {10 pljwell of a 10 uM
solution of 5-bromo 2'-deaxyuridine prepared in PBS) was added and the cells were incubated for an additional 2 . Cell
praliferation was menitared by quantitating BrdU incorporation using BrdU ELISA (Cell proliferation kit, Boehringer

mannheim, Catalog No 1 647 228} 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 ef af, Philos. Traps. R. Soc. Lond. B Bidl. Sci. 12: 195-169 [1990)). Pre-treatment of cells with ErhB4-
196 immuncadhesin reduced the extent of PDGF-stimulated proliferation of cells. Contral cells treated with huffer in
place of ErbB4-lgG did nat show any signifi effect an cell proliferation. These data indicate that at least part of

the mitatic respanse of smeath muscle cells is mediated by the activation of the ErbB4 receptor, and removal of
ligands which would activate the ErbB4 receptor with the ErbB4 immuncadhesin reduces smooth muscle cell

profiferation in response ta PDGF.

Example 3: Effect of ErhB4-Ig6 immuncadhesin on human aortic smeeth muscle cell migration

Humran aettic smaoth muscle eells were trypsinized and resuspended at a concentration of 5 x 10° cells per
ml in DME containing 10% FBS. Cells were pre-incubated with Herd-lgG (400 nM) or buffer 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
huran thrambin er buffer (PBS) negative contral. A filter was mounted on top of the chamber and the smaoth muscle
cells (buffer or ErbB4 treated} were added ta the tap wells in a velume of 50 k. The plate and filter were covered with
the clear plastic lid and incubated for 3 hat 37° C in humidified air with 5% CO,. At the end of the incubatian, 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 af the filter were caunted using an inverted
phase microscepe, Six wells in each graup and 40 fields in each well were counted.

As shown in Figure 8, thrombin acted as a chemotactic stimulus and induced migration of asrtic smooth
muscle cells. ErbB4-IgG i dhesin inhibited thrombin-sti cell migration. These data indicate that at least

part of thrambin's ability to stimulate smoath muscle cell migration is mediated by the release of ligand(s) for the
ErhB4 receptor, and that the remaval of these ligands with the ErbB4 immuncadhesin reduces the chemotactic

response ta thrombin

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

Generation of anti-ErhB4 Mabs

A panel of 34 murine monoclunal antibodies which specifically bind the extracellufar domain of ErbB4 were
produced using conventional hybridoma technalogy (Table 2). Total cellular RNA was extracted from MDA-MB-453
cells and used as a template in RT PCR to generate the human ErbB4 extracellular domain {ECD) coding sequence.
Specific oligenucleatides used in the RT PCR reactions were synthesized on the basis of the ErbB4 DNA sequencs. A
gDErbB4 ECD fusion protein was constructed by figating the coding sequences fer amina 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 pratocal.
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An affinity column was prepared by eoupling the anti-gD monoclonal 5B6 to CMBR sepharose (Pharmacia
LKB Biotechnology, 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 huffer exchanged
into PBS and Protein ion was ined by 0D280.

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

{RIB} ImmunoChem Research Inc., Hamitton, MT) in their rear footpads on weeks 0, 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 & g of
ErbB4 ECD in RIBI during week 4. Three days later, the [ymphocytes from the popliteal and inguinal nodes were fused
with mouse myelama line X63-Ag8.653. Fused cells were plated at a density of 200,000 cells per well in 96-well
tissue culture plates and hybridoma selection using HAT media supplement (Sigma, St. Louis, M0) began one day past
fusion. Beginning on day 16, the hybridoma supernatants were screened for the presence of ErbB4 specific antibodies
using a radioactive capture assay as deseribed helow. Stable antibody producing clanes were obtained by [imiting
dilution and large quantities of specific Mabs were produced in ascites. The antibedies were purified on protein A-
Sepharose columns (Fermentech, Inc., Edinburgh, Scotland) 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 glml goat anti-mouse IgG (Boehringer Mannheim} overnight at 4 C. The plates were washed with
PBS/0.5% Tween 20 {PBST), blocked with ELISA diluent (PBSI0.5%BSAI0.05% Tween 20) and incubated with
monaclanal superatants for 2 hr at ambient temperature. The plates were washed and incubated far an additional
hour with 40,000 counts/ well of [125]]ErbB4 ECD.  After washing, the amount of ErhB4 bound to the antibodies was
determined by counting the wells on a Wallac 1277 I {Wallac Inc, Gaithersburg, MD).

The 34 anti-ErbB4 monaclonal antibodies produced by this method (Table 2) have a high affinity for the

receptar, exhiit & diversity of isotypes and are directed to 18 distinct epitopes an the ErbB4 ECD. Isotypes of the
antibodies were determined using a Mouse MonoAb ID/SP isatyping kit from Zymed {So. San Francisco, CA), following

supplier’s instructions.

Testing the specificity of anti-ErbB4 antibodies
The specificity of the Mabs was determined in an ELISA measuring their ability to hind immabilized HERZ,

HER3 and ErbB4 extracellular domains (smino aeids 1-645, 1-617 and 1-640 respectively). ECDs were coated on

ELISA plates at a ion of 1 g/ml and incubated with biotinyl anti-ErbB4 Mabs. Bound Mabs were
detected using streptavidin peroxidase (Sigma, St. Louis, MO} and the substrate OPD {Sigma, St. Louis, MO). As can
e seen in Table 2, nearly all of the antibodies produced were highly specific for EcbB4 {indicated by a 4" in the column
labeled ‘Specificity’). Four of the antibodies showed some binding ta HER3 (indicated by a ‘3" in the column [abeled
“Specificity’).
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Epitope mapping and characterization

The ErbB4 epitope bound by each of the
analysis (Fendly ef al. Cancer Research 50:1550 1558 (1990)). The anti-ErhB4 Mabs were diluted to a concentration
of 25 glml in ELISA diluent and 50 | was added to an ELISA plate preceated with gDErbB4 ECD as above. The plates
were incubated at reom temperature for 2 hours and washed with PBST. Dilutions of biotinylated anti-ErbB4
antibadies ranging from 1:1,000 to 1:10,000 were prepared and 50 | was added te the assay plate. Fellowing a one-
hour raam temperature incubation, the plates were washed and 50 | of a 1:5000 dilution of streptavidin peroxidase
(Sigma) was added. The plates were developed using OPD (Sigma). The anti-ErbB4 Mabs were grouped inta epitopes

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

(114)
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was

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

The activities of nine r were | d further.
Table 2 Summary table of anti-ErbB4 monoclonals
Mab Isotype Epitope Specificity
41440 TgG2b, x B 4
4-1441 IgGl,x J 4
4-1459 IgG2a, x. D 4
4-1460 1gG1,x C 4
4-1461 IgG2a, k B 4
4-1462 1gGl, « [} 4
4-1463 IgG2a, « D 4
4-1464 IgG2b, C 4
4-1465 IgG2a, x L 3,4
4-1472 IgG2a, « M 4
4-1473 IgG2a, « F 4
4-1474 IgG2b, © G 4
4-1475 1gG2b, © P 4
4-1476 18G2a, K 4
4-1477 IgG2a, x Q 4
4-1478 1gG2a, x 1 4
4-1479 IgG2a, x D 4
4-1481 IgG2a, =1 3,4
4-1482 TeG2b, « H 4
4-1483 IgGLx R 3,4
4-1484 IeGl,x E 4
4-1485 IgG2a, © F 4
4-1491 1gG2a, x G 4
4-1492 IgGab, x A 4
4-1493 1gG2B, « A 4
4-1494 1gG2b, x B 4
4-1495 1gG2b, k A 4
4-1496 IgGL x A 3,4
4-1497 IeGl, k N 4
4-1498 1gG2b, x E 4
4-1535 IgG2b, x B 4
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4-1536 1gG2b, © A 4
4-1537 IgG2b, & B 4
4-1543 IgG2a, x s} 4

Determination of Binding Affinity

The relative affinities of the anti-ErbB4 Mabs were determined according to the methed described by Friguet
et al. (J Immunol Methods. 77(2):305-19 (1985)}. Various cancentrations of the ErbB4 ECD {1.1 X 107 Mto 1.08 X
10-10 M) were mixed with & canstant cancentration of anti-EriB4 Mab (2.08 X 10-10 M) and incubated avemnight 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 ljwell at a concentration of 1 gfml in 0.05M
carhonate buffer, pH 9.6 far 16 hr at 4°€) and incubated for 1 hour at room temperature. After washing with PBST,
the hound Mahs were detected by adding 100 I} well of a 1:5000 dilution of goat anti-mouse Flab')y peraxidase
(Boehringer Mannheim) far one hour at room temperature. The plates were developed using e-phenylenediamine
dihydrochloride substrate (OPD, Sigma, St. Louis, MO) and read on a platereadar.

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-ErhbB4 Mabs to hind reduced and non-reduced ErbB4 ECD was tested by immunoblot
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 100Y and electroblotted for 60 min. at 0.5 amp onto a PVDF,
Immabilan P, membrane (Millipere, Bedford MA). The membrane was washed with PBST and blocked overnight with
PBSJ0.5% BSAIC.1% Twesn 20, and incubated with 1 g/ml monoclonal antibody for 1.5 hour at amhbient terperature.

The membrane was washed and incubated for an additional hour with a 1:10,000 dilution of rat anti-mouse Ig6

(Boefringer im). The was washed thoroughly and developed using the Amersham ECL

system Life Science Inc., Arlington Heights, IlI).
None of the Mabs were ahle to recagnize reduced ErhB4 ECD (data not shown), suggesting that they are
directed fo conformational epitopes. Mabs identified as positive in Table 3 are those that are able to recognize low
concentrations of non-reduced ErbB4 ECD. Mahs 4-1458, 4-1460, 4-1461, 4-1462, 41492 and 4-1497

demonstrated a high level of immunoreactivity and ware 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 monoclonal antibodies. A K582 eell line transfected with ErbB4 {1E10.1H4) was produced and cultured in RPMI
1640 with ZmM L-plutamine (GIBCO/BRL), 10% FBS (Hyclone) and 800 giml Geneticin, G418 {Gihco/BRL). At least
20 hr prior to assay, 1E10.1H4 was stimulated with 10 om phorhal- 1 2-royristate, 13-acetate (PMA, Calbischem, La
Jolla CA). The anti-ErbB4 Mabs 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 [125IIHRG 1 (177.244), in the presence of
100 nM anti-ErbB4 Mabs, overnight on ice. Following incubation, the cells were collected using a Multiscreen
filtration device (Millipore), and washed twice with 200 | ice cold binding huffer. Cell associated counts were
measured on a gamma counter. The percent hinding was calculated against a contral sample cantaining no Mab. The
nonspecific binding was determined by incuhation of @ sample in the presence of 500 nM cold HRG 1 (177.244). Mabs
were cansidered positive for HRG hlocking if they blocked 80% or greater binding. As can be seen in Table 3, six of
the nine anti-ErbB4 antihodies tested were able to inhibit '*I-HRE binding at this level. Mab 4-1481 inhibited binding
by 7% and 1459 exhibited no HRG blocking. The anti-ErhB4 Mab 4-1497 did not inhibit binding but rather appeared to
enhance HRG binding by 26%.

Inhibitian 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 te block HRG hinding to several human mammary carcinoma cell lines was tested. The cell lines MDA-MB-453,
T47D and BT474 [ATCC, Ruckville, MD} were plated into 24 well tissue culture plates at a density of 1x 105 gells per
well and allowed to adhere overnight. The anti-ErbB4 Mabs or anti-HER-2 centrol Mabs 2C4 and 4D5 were diluted to
a cancentration af 100 nM in Ham's F-12 plus Dulbecce's modified Eagle medium (1:1, vlv) with 10 mM HEPES and
0.1% BSA (binding buffer} and added in triplicate to the plates. Fallowing 2 30 minute incubation on ice, 1.5X109
counts of [125 HRG 1{144.277) was added. The plates were incubated on ice for four hours and washed twice with
ice cold binding huffer. The cells were solubilized with 8 M ureaf3 M acetic acid and cell associated counts were
measured on @ Wallac 1277 GammaMaster. The percent binding was calculated as ahave. The nonspecific binding
was datermined by incubation of a sample in the presence of 100 nM cold HRG 1(144-277).

Nane of the anti-ErbB4 Mabs caused significant inhibition of 1254R6 binding ta the careinoma lines tested.
In cantrast, the anti-HER-2 contral Mabs 2C4 and 4D5 blocked binding by 84% and 28% respectively in MDA-MB-453
cells, 70% and 48% in T47D cells and 57% and 12% in BT474 cells. The unlabeled HRG cantrol blacked 39% binding
in MDA-MB 453 cells, 98% binding in T47D cells and 96% hinding in BT474 cells at a cancentration 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 Phoseharylation

Heregulins have been shown to induce the tyrosine phospharylation of ErbBA. Therefore it was of interest te
determine if the anti-ErbB4 Mabs were ahle ta affect HRGP1,7740¢ Stimulated phusphorylation of the receptor in the
K562 ErbB4 call line.

The ErbB4 transfected K562 cell line (1E10.1H4) was grown in RPMI 1640 culture media to a density of 1 X
108 ceffs/mi. The cells were then changed to serum-free media without PMA (assay buffer) and incubated at 37°C for
2.6 hours. The celis wers washed with assay buffer and duplicate samples :untaining 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 rosm temperature.
Follawing incubation, one 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 Kl A 30 | dliquot of each sample was electrophoresed in a 4-12%

palyacrylamide gel {Novex) and electrablotted anto a PYDF membrane (Millipare). 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
th i i I | BC20H (T ion Laboratories, Lexingtan Kentucky) for

4 haurs at room e. Bound anti-ph Bh was visuafized using the Amersham ECL system
{Amersharm Life Science Inc.} and quantified by densitometry.

Six of nine monoclonal antibedies tested inhibited the generation of an HRG-induced tyrosine phosphorylation
signal (Table 3). The remaining tfiree were not inhibitory and none of the anti-ErbB4 Mabs was able ta stimulate

phosphorylation of the ErbB4 receptor.

Immunahistochemistry
Since anti-ErhB4 Mabs may be useful as diagnostic reagents, their ability to stain frozen cell peflets using
standard i i iques was investigated. ErbB4 K&62 eells (1E10.1H4) and the human

breast carcinoma lines MDA-MB-453, T47D, and BT474 (ATCC, Rockville, MD) were pelleted and frozen in OCT
compound {Miles Inc., Elkhart, IN). The frazen peliets were sectioned on a cryostat to a thickness of 5 microns,
mounted on sfides, fixed in cald acetone {4 C) for 3-5 min. and air-dsied. Endegenous peroxidase activity was guenched

using a madification of the glucose oxidase methad. The slides were rinsed with PBS and the cells were blocked for

endogenous hiotin activity using a Vectar Biotin blacking kit (Vectar, Burl CA). E i lobuli
hinding sites were blocked with 10% narmal harse serum (Vector). The cells were then incubated with 10 glml anti-
ErbBA4 Mabs for ane hour at RT, foliowed 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
visualized using DAB (Pierce, Rockford, IL). Mayer's hematoxylin (Rowlsy Biomedical Institute, Rowley, MA) was
used to counterstain the cells.

Many of the anti-ErhB4 Mabs were able to stain the EraB4 transfected K562 cells with varying intensity and

little or no background staining {Table 3). Numbers represent the intensity of staining compared to an fmelevant
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contral. 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(nM) Non-Reducing HRG P-Tyr Histo-
Immunoblot Blocking Blocking chemistry
4-1440  IgG2Zb, B 1.9 - + + 3+
41459 IzGla,x D 0.7 + - - 4+
4-1460 IgGl, « C 12 + + + 3+
4-1461  1gG2a,x E 23 + - - 4+
4-1462 IgGl, ¢ C 0.4 + + + 2+
4-1464  IgG2b,k C 1.0 + + 2+
4-1473  1gG2a,« F 6.0 - + + 2-3+
4-1492  IgG2b,x A 21 + + + -
4-1497  1gGlL N 12.0 + - - -

FACS Analysis

Te determine whether the anti-ErbB4 Mahs could hind to ErbB4 on the surface of viable cells, FACS analysis
was done using the ErhB4 transfected K562 cell line and the mammary carcinema lines MDA-MB-453, T47D and BT-
474. Adherent cells were detached fram 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/ml of each Mab in 100 | 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-mause IgG (Boehringer Mannheim} for 30 min at 4°C. The cells were washed, resuspended in 0.5 ml FACS
diluent and analyzed using a FACScan cell sorter (Becton Dickinson, Mt. View, CA). Data was gated by forward and
side scatter and propidium iodide fluorescence to exclude debris, doublets and dead cells.

All of the Mabs bound to the ErbB4 receptor on the ErbB4 transfected K582 cell line, which is expressed at
approximately 2 X 108 receptorsicell. An increase in abserved cellular fi of the ErhB4 ¢ 1 K562

cells from 2 to 50 fold was observed when compared to the isatype controls. Some of the weaker binding 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 fluarescence intensity on the transfected cell line, showed minimal binding to the
breast carcinoma lines MDA-MB-453, TA7D and BT-474. The positive control anti-HER2 Mab 2-2C4 showed binding
to 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 ErhB4 Immuncadhesin

in captured on b part

Figure 7 shaws a displacement curve of 1251HRG binding to a ErhB4 i
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 g (Boehringer Mannheim) in
50 mM carbonate buffer pH 9.6 avernight at 4 °G. The plates were washed with PBST, blocked with ELISA diluent
and incubated with 100 | of 200 ngim! 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 1251HRG 1(177.244) diluted to give a final
concentration of 132 pM were added ta the plate. Following a 1.5 hr incubation at ambient temperature, the plates
were washed and the amaunt of T25IHRE bound to the receptor was determined by counting the wells on a Walla
1277 GammaMaster.

Figure 7 demonstrates that the Mabs inhibited heregulin binding to the immunoadhesin in a dose dependent
manner with ED5Q values ranging from 0.7 ta 1.1 nM. This indicates that the Malis posses a high degree of hlocking
ability.

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

Bybridoma ATCC Dep. No. Deposit Date
HER4.10H1.1A1 PTA-2828 December 19, 2000
HER4.1C6.A11 PTA-2829 December 19, 2000
HER4.3B9.2C9 PTA-2826 December 19, 2000
HER4.1A6.5B3 PTA-2827 December 19, 2000
HER4.8B1.2H2 PTA-2825 December 19, 2000

Each of the depesited hyhridomas produces ane of the anti-ErbB4 monaclonal antihadies identified in Table 2.
HERA4.10H1.1AT produces mAb 4-1464, HER4.1CB.A11 produces mAb 4-1440, HER4.3B8.2C9 produces mAb 4-
1460, HER4.1A8.5B3 produces mAb 4»1492vand HER4.8B1.2HZ produces mAh 4-1473

The deposit of the hyhridomas with the ATCC was matde under the provisions of the Budapest Treaty on the
Internationat Recognition of the Deposit of Micracrganisms far the Purpase of Patent Procedure and the Begulations
thereunder {Budapest Treaty). This assures maintenance of a viable culture of the depasit for 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

54

JP 2004-507559 A 2004.3.11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

15

20

(120)

WO 02/18444 PCT/US01/26984

agreement between Genentech, Inc. and ATCC, which assures permanent and unrestricted availability of the progeny
of the culture of the deposit to the public upon issuance af the pertinent U.S. patent or upon laying open to the public
of any U.S. or foreign patent application, whichever comes first, and assures availability of the prageny to one

by the U.S. Commissianer of Patents and Trademarks o be entitled therete according te 35 U.S.C. § 122

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

The assignee of the present application has agreed that if a culture of the materials on depesit should die or
he lest or destroyed when cultivated under suitable conditions, the materials will be promptly replaced on nofification
with another of the same. Availahility of the deposited material is not to he construed as a license to practice the
inventian 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 to enable ane skilled in the art to practice the
invention. The present invention is not to he limited in scope by the construct deposited, since the deposited
embodiment is intended as a single Mlustration of certain aspects of the invention and any constructs that are
funetionally equivalent are within the scope of this invention. The deposit of material herein does nat constitute an
admission that the written description herein contained is inadequate to enable the practice of any aspect of the
invention, including the best made thereof, nor is it to be canstrued as limiting the scope of the claims to the specific
illustrations that it represents. Indeed, various modifications of the invention in additian to those shown and described
herein will became apparent ta these skilled in the art from the foregaing description and fall within the scope of the

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

treating said smaoth muscle cells with an effective amount of an antaganist of a native ErbB4 receptar.

2. The method of claim 1 wherein the control is prevention of excessive preliferation or migration of
smoath muscle cells.
3 The methad of claim 1 wherein the cantral is inhibition of excessive proliferation or migration of

smaath musce eells.

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

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

6 The mathod of claim 1 wherein said smooth muscle cells are urinary bladder smooth 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 proliferation or migration of smoath muscle cells

results in stenosis.

9. The method of cfaim 1 wherein said smooth muscle cells are vascular smooth muscle cells.

10. The method of claim 9 wherein said vascular smoath muscle celis are human.

11. The methad of claim 9 wherein said vascufar smooth muscle cells are human aortic smosth muscle
sells.

12. The method of claim 9 wherein said excessive proliferation or migration of smooth muscle cells

results in vascular stenosis.

13. The method of claim 12 wherein said vascular stenosis is further characterized by excessive
pralif or migration of endothelial cells.
14. The methad of claim 13 wherein said stenosis is restenosis,

15. The methad of claim 1 wherein the ErbB4 recepter antagunist is an immunoadhesin.

16. The methad of claim 15 wherein said i dhesi an lfular domain sequence

of a native ErbB4 receptor.

17. The methad of claim 16 wherein said native ErbB4 receptor 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,

19. The methad of claim 18 wherein said immuneglobulin is of lgG isotype.

20. The method of claim 19 wherein said immunoglobuiin is of lgG1, IgG2 or Ig&3 isotype.

21. The method of claim 18 whersin said immunoadhesin comprises at least one 1g6 immunoglohulin
light chain.
22, The method of claim 1 wherein said antagonist is an antibody.

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

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

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

26. The method of claim 23 wherein said antihody binds essentiafly the same epitope as an antibody
praduced by a hyhridoma selectad from the group consisting of HER4.10H1.1A1 (ATCC Accessian Number PTA-2828),
HER4.1C6.A11 {ATCC Accession Number PTA-2829), HER4.3B9.208 ({ATCC Accession Number PTA-2826),
HER4.1A8.5B3 [ATCC Accession Number PTA-2827) and HER4.8B1.2H2 (ATCC Accassion Number PTA-2825).

27. The method of claim 23 wherein said antibody has complementarity determining region (COR)
residues from an antibody produced by a hybridoma selected fram the group consisting of HER4.10H1.TAT (ATGC
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 methad for treating stenosis in @ mammalian patient comprising administering to said patient an |
effective amount of an antagonist of a native mammalian ErtB4 receptor.

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

30. The method of claim 29 wherein said stenosis is vascular stenosis.

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

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

33. The methad of claim 32 wherein said immunoadhesin comprises an extracellular domain sequence

of a native human ErbB4 receptor.

4. 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 immunoglobulin is of IgG isatype.

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

37. The method of claim 36 wherein said antihody is a neutralizing antibody against a native human
ErbB4 receptor.

38. The methad of claim 36 wherein said antibady binds essentially the same epitope as an antibody
praduced by a hybridoma selected from the group consisting of HER4,10H1.1A1 [ATCC Accession Number PTA-2828),
HER4.1C6.A11 [ATCC Accession Number PTA-28289), HER4.3B9.2C9 (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 regian {CDR)
rasidues from an antibody produced by a hybridoma selected from the group consisting of HER4.10H1.1A1 (ATCC
Accession Number PTA-2828), HERA.1C6.A11 {(ATCC Accession Nomber PTA-2828), HER4.388.2C8 (ATCC
Accession Number PTA-2826), HER4.1AB.5B3 {ATCC Aceession Number PTA-2827) and HER4.881.2H2 (ATGCC
Accession Number 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 hypertensian assaciated with

said stenosis.
42, The methad of claim 28 wherein said treatment is pravention.
43. The methad of claim 28 wherein said stenosis is pyloric stenosis.

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 method for treating stenosis in a mammalian patient comprising introducing into a cell of said
patient a nuclsic acid encading an antaganist of an ErbB4 recsptor.

47. The method of claim 46 wherein said patient is human.

48. The method of claim 47 wherein said antaganist is an immunoadhesin.

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

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

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

51, The methed of claim 50 wherein said antibody is a neutralizing antibedy against 2 native ErhB4
receptor.

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

53. The method of claim 51 wherein said antibady binds essentially the same epitope as an antibody
praduced by a hybridama selected from the group cansisting of HER4.10H1.1A1 (ATGC Accession Number PTA-2828),
HER4.1C6.AT1 {ATCC Accession Number PTA-2829), HER4.3B8.2C9 (ATCC Accession Number PTA-2826),
HERA4.1A6.5B3 [ATCC Accession Number PTA-2827) and HER4.8B1.2H2 (ATCE Accession Number PTA-2825).

54. The method of claim 51 wherein said antibody has complementarity determining ragion (CDR)
residues from an antibody produced by a hybridoma selected from the group consisting of HER4.10H1.1A1 {ATCC
Accession Number PTA-2828), HER4.1C6.A11 (ATCC Acecession Number PTA-2829), HER4.3B8.268 (ATCC
Accession Number PTA-2826). HER4.146.5B3 (ATCC Accession Numher PTA-2827) and HER4.8B1.2HZ (ATCC
Accession Number PTA-2825).

55, The method of claim 46 wherein said nucleic acid is introduced iz vive.

56. The methat of claim 46 whersin said nucleic acid is introduced ex viva.

57. A method for treating hypertension assaciated with vascular stenasis in a mammalian patient,
comprising 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.

59. Ap ical composition for the of stenosis in @ mammalian patient comprising an
effective amount of an antagonist of a native mammalian ErbB4 receptar, in admixture with a pharmaceutically
acceptable carrier,

60. A method for identifying a molecule that inhibits or enhances the proliferation or migration of

smooth muscle cells, comprising the steps of:
58

JP

2004-507559 A 2004.3.11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

35

(124)

WO 02/18444 PCT/US01/26984

{a) contacting a polypeptide comyrising an amine acid sequence having at least 85 % sequence identity
with the amino acid sequence of the extracellular domain of a native ErtB4 receptar and retaining the ability to control
excessive proliferation or migration of smooth muscle cells, with a candidate melecule; and

{6} determining whether the candidate malecule infibits or enhances the ability of said polypeptide to

control excessive praliferation or migration of smooth muscle cells.

61. 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 enbances the ability of said polypeptide to control
excessive proliferation or migration of smoeth muscle cells.

65, The methad of claim 64 wherein said molecule is selected from the group consisting of antibodies
and small malecules.

66. An antibody that binds essentially the same epitape of ErbB4 as an antibody praduced hy a
hybtidama selected from the group consisting of HERA.10H1.1AT [ATCC Aceession Number PTA-2828|,
HER4.1C6.A11 {ATCC Accession Numher PTA-2628), HERA.3B9.2C8 (ATCC Accession Number PTA-2826),
HER4.1AB.5B3 [ATCC Accession Number PTA-2827) and HER4.8B1.2HZ (ATCC Accessian Number PTA-2825).

67. An antihody that has cemplementarity determining regien {CDR) residues fram an antibody
pratuced by a hybridama selected from the group cansisting of HER4.T0H1.141 (ATCC Accession Number PTA-2828),
HER4.1C6.A11 (ATCC Accession Number PTA-2829), HER4.3B9.2C9 (ATCC Accession Number PTA-2826),
HERA4.1A6.5B3 (ATEC Accessian Number PTA-2827) and HER4.8B1.2H2 (ATCC Accession Number PTA-2825).

68. An antibody selected from the group consisting of an antibody preduced by a hybridoma selected
from the group consisting of HER4.10H1.141 (ATCC Aceession Number PTA-2828), HER4.1C6.A11 (ATCC Accession
Number PTA-2829), HER4.3B9.2C9 (ATCC Accession Number PTA-2826), HER4.1AB.5B3 (ATCC Accession Number
PTA-2827) and HER4.8B1.2H2 (ATCC Accession Number PTA-2825).

9. An antibody that binds essentially the same epitope of ErbB4 baund by an antibody selected from
the group consisting of anti-ErbB4 maonocional antibadies 4-1440, 4-1460, 4-1473, 4-1482 and 4-1464.

70. An antibody that has complementarity determining regian {CDR} residues from an antihody selected
from the group consisting of anti-ErtB4 ibodies 4-1440, 4-1480, 4-1473, 4-1492 and 4-1464.

7. An antihady which binds to ErbB4 with high affinity.

72. The antibody of claim 71 which hinds ta ErbB4 with a Kd of less than 100 nM.

7. The antibody of claim 71 which binds 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 nM.

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

76. The antibady af claim 71 which is a human antihady.
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The antibady of elaim 71 which is an anfibody fragment.

An antibody which is capable of binding to both ErbB4 and ErbB3.

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

The antibady of claim 78 which binds both ErbB4 and ErhB3 with high affinity.

An antibody which binds te ErbB4 and reduces heregulin binding thereta.

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

An antibody which binds te ErbB4 and reduces heregulin-induced tyrosine phosphorylation thereof.
The antibody of claim 83 which binds ErbB4 with high affinity.
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<110>

<120>

<130>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<400>

aattgtcage acgggatcty agacttccaa
tgggtgagee ttctegtgge ggeggggace
gcaggaacgg agaataaact gagctctete
cgeaagtact atgaaaactg tgaggttgte
cacaaccggg acctotectt cotgeggtet
getettaate agtttcgtta cctgectetg
ctttatgagg atcgatatge cttggeaata
ggactteaag aacttggatt aaagaacttg
gaccagaaca aaticctttg ttatgcagac
ccatggectt cecaacttgac tettgtgtea
cataagtect gtactggoeg ttgetgggga
aggacggtgt gtgcagaaca atgtgacgge
tgccategag aatgtgetgg aggetgetea
atgaatttea atgacagtgg agcatgtgtt
ccaaccacct ttcaactgga gcacaattte
gtcaagaaat gtccacataa ctttgtggta
agttccaaga tggaagtaga agaaaatggg
tgcccaaaag ctigtgatgg cattggeaca
tocagtaaca ttgacaaatt catasactgt
gtcactggta ttcatgggga cccttacaat
aacgtctttc ggacagtcag agagataaca
aacatgactg acttecagtgt tttttctaac
agtggeetgt ccttgettat cctcaageaa
ctgaaggaaa tcagcgcagg aaacatctat
cataccatta actggacaac actcttcage
aacagaaaag ctgaaaatty tactgctgaa
gatggectgtt ggggacctgg gecagaccaa
aggatctgea tagagtcettg taacctetat
teccatetgtg tggagtgtga cocccagtgt
catggaccgyg gtoctgacaa ctgtacaaag
gtggaaaaat gtccagatgg cttacagggyg
coagatcggy agtgecacce atgecatcca
agtcatgact gcatttacta cccatggacy

Genentech, Inc.
Gerritsen, Mary
Sliwkowski, Mark X.

ErbB4 ANTAGONISTS

FastSEQ for Windows Version 4.0

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

4

1

5484

DNA

Homo sapiens

1

zaaatgaagce
gteeagecca
tetgacctgg
atgggecaacce
gttecgagaag
gagaatttac
tttttaaact
acagaaatcc
accattcatt
acaaatggta
cccacagaaa
agatgctacy
ggacctaagg
actecagtgtce
aatgcaaagt
gattccagtt
attaaaatgt
ggatcattga
accaagatca
gcaattgaag
ggtttcectga
ctggtgacca
cagggcatca
attactgaca
acaatcaacc
ggaatggtgt
tgtetgtegt
gatggtgaat
gagaagatgg
tgctoctoatt
gcaaacagtt
aactgcacce
ggccatteca

1

SEQUENCE LISTING

cggegacagg
gegattetea
aacagcagta
tggagataac
tcacaggcta
geattatteg
acagaaaaga
tazatggtgg
ggcaagatat
gttcaggatg
atcattgeca
gaccttacgt
acacagactyg
cecagacctt
acacatatyg
cttgtgtgeg
gtaaacctty
tgtcagetea
atgggaattt
ccatagacee
acatacagtc
ttggtggaag
cctetetaca
acagcaacct
agagaatagt
gcaaccatet
gtegeegett
ttegggagtt
aagatggect
ttaaagatgg
tecattttcaa
aagggtotaa
ctttaccaca

(136)
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actttgggte
gtcagtgtgt
ccgagecttg
cagcattgag
cgtgttagtg
tgggacaaaa
tggaaacttt
agtctatgta
tgttcggaac
tggacgttge
gactttgaca
cagtgactge
ctttgectoe
tgtetacaat
agcattetgt
tgeatgeect
cactgacatt
gactgtggat
gatctttcta
agagaaactg
atggccacca
agtactctat
gttecagtee
gtgttattat
aatccgggac
gtgttecagt
cagtagagga
tgagaatgye
cctracatge
cceaaactgt
gtatgctgat
cggteceact
acatgctaga

60
120
180
240
300
360
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
1520
1980

JP 2004-507559 A 2004.3.11
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actccectga
acatttgety
ttggaaacag
cttcgtattt
ggaacggttt
attaagatte

ctgatcatgyg,

ccaaccatce
gagcacaagg
ggaatgatgt
ttagtgaaat
ggagatgaaa
gagtgtatac
atatgggaac
cctgatttat
tacatggtca
ctggctgetyg
gatgatcgta
gaagaggatt
atcecacete
cacagceecte
ggttttgetg
gaagctecty
accctacgea
gctgacceca
tacatgactce
ccttttgttt
aatgcatcca
aacacctttg
ccagagaagg
cggageacee
cagaatggge
ctgaagccag
getcaghtgt
cttictetgg
gatacagaga
gaaagagaaa
agaatgaaac
agctgtcact
tttttttttt
tgatgtgtge
ataacatttt
cagtttetgt
ttaaagttat
ctetgaccga
atgtttacat
ggecactact
tatcaaatta
gacactactt
tctgtggtte
actggaagaa
geacttaage
gcaatatgga
gataaagact
actatgatga
gttcagtteg
atttctagta
taataaaaag
taaataaaty

<210> 2

ttgeagetgg
tttatgttag
agttggtygga
tgaaagaaac
ataaaggtat
ttaatgagac
caagtatgga
agctggttac
ataacattgg
acctggaaga
ctecaaacca
aagagtacaa
attacaggaa
tgatgacctt
tagagaaagg
tggtcaaatg
agttttcaag
tgaagcttce
tggaagatat
ccatctatac
ctectgecta
ctgaacaagg
tggeacaggy
agecagtgge
ccgtgtttge
ctatgcgaga
cteggagaaa
atggtccacc
ccaacaccett
ccaagaaagc
tteageacce
ggatccggec
gcactgtget

ggttttitag’

tggtecttect
tgcaatgata
gataggagga
agctagagaa
ttttttettt
taaagcagat
atatttagea
ctataacata
cctageaagt
aactagtaat
ttectttata
caaagcettet
ttaagtatac
tettecaccet
gataggcegt
aggaaaacta
acacactgga
tgtaatttta
agcaaccage
gtggazatge
gaggccagea
tatacttegt
tgagactatt
azsaacacaa
tgaaacatct

agtaattggt
aaggaagagc
accattaact
tgagctgaag
ttgggtacct
aactggtece
teatccacac
teaacttaty
atcacaactg
aagacgacte
tgtgaaaatc
tgctgatgga
attcacccat
tggaggaaaa
agaacgtttyg
ttggatgatt
gatggctceoa
cagteccaaat
gatggatget
ttecagagea
cacccecatyg
agtgtotgty
tgctactget
accccatgte
cccagaacgy
caaacccaaa
aaatggagac
caaggacgay
gggaaaaget
gtttgacaac
agactacctg
tattgtggca
gecgectoca
gtggagagac
tetaccecaa
gttatgtget
accacaatgt
ggaccagaaa
ttotttttet
ggttgaaaca
tecctggaaa
tgatagtgte
aagaatggee
tatgttttca
tttgekecce
teacagaatt
aatctttaaa
catcctttac
tggttgtety
ctgatacttt
ttgggtatgt
thtgttettt
aaattaacta
caaaccaagce
cattatctte
aagaaggaat
tatatgaagt
acattcaaag
tete

gggctettea
atcaaaaaga
cecagtggea
agggtaaaag
gaaggagaaa
aaggcaaatg
ctagtceggt
ccecatgget
ctgettaact
gtteateggy
acagattttyg
ggaaagatgce
cagagtgacg
cectatgatyg
cecteagecte
gatgctgaca
gaccctcaaa
gacagecaagt
gaggagtact
agaattgact
tcaggaaacc
cecctacagag
gagatttttg
caagaggaca
agcccacgag
caagaatacc
cttcaageat
gatgagtatg
gagtacctga
cctgactact
caggagtaca
gagaatcctg
ccttacagac
acacctgete
ggccagtagt
tacctaactt
ttetteattt
atgtaaggca
ttotttgttt
cccatgetat
teataataaa
tgaaattgag
sactcaactt
acactttitg
tatttttgge
taagcaagaa
ataagaaagg
atttitcaac
aagagtagaa
caggggtgge
ctacctggca
ttctgaacte
atttaagtac
asattaggaa
atatgteacc
gcgagtaagy
agaaggtaac
cttagggata

ttctggteat
aaagagecctt
cagcacccaa
tccttggete
ctgtgaagat
tggagttcat
tgetgggtgt
gectgttgga
ggtgtgtcea
atttggcage
ggctagecag
caattaaatg
tttggagcta
gaattccaac
ccatctgecac
gtagacctaa
gatacctagt
tetttcagaa
tggteectea
cgaataggag
agtttgtata
ccecaactag
atgactcety
gtagcaccca
gagagetgga
tgaatccagt
tggataastce
tgaatgagee
agaacaacat
ggaaccacag
gcacaaaata
aatacctete
accggaatac
caatttceece
tttgacactt
gaacattaga
ctetgeatgyg
atgctgeeta
ctttettect
ctgttectat
gtttceatta
aatccagttt
teataattta
gtttttttea
tttaatttct
atattttaat
gaggctaata
attbtttttt
gggaaactaa
ccaatgaggyg
gatactcaga
cattttggat
atttttaaaa
ccttgeaacg
tttgectacge
attggettga
tetttgeaca
ggtecttggg
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tgtgggtety
gagaagattc
tecaagetcaa
aggtgettit
tecetgtgget
ggatgaagct
gtgtetgage
gtatgtccac
gatagctaag
ccgtaatgte
actcttggaa
gatggetetyg
tggagttact
gcgagaaatc
tattgacgtt
atttaaggaa
tattcagygt
tctettggat
ggctttcaac
tgaaattgga
ccgagatgga
cacaattcca
ctgtaatgge
gaggtacagt
tgaggaaggt
ggaggagaac
cgaatateac
actgtaccte
actgtcaatg
cetgacacct
tttttataaa
tgagttctoc
tgtggtgtaa
accecectet
cccagtggaa
gggaaagact
gttggtcagy
ctatcaaact
cttetttttt
ctgecaggaac
gaacaaaaga
cttteoeceag
aazatctcea
ttttgttttg
aattgcaaag
atagtgaaat
tttttcatge

ctecataaat:

gagacagttc
aatccattga
aatgtagttt
tttgaatcaa
aaagagctaa
gtatcecaggg
aaggaaattt
attccatgga
taaattggta
tecaaaagttg

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

Gly
145
Ile

Tyr
225

val
305
Lys

Ile

Ile

Rsp
385
FPhe

Lys
Gly
Asn
Arg
50

Thr
Slu
Pro
Arg
Gly
130
Gly
His
Val
Thr
Arg
210
val
Lys
Cys
Gln
Val
290
Arg
Met
Gly
Asp
val

370
Pro

Ser

Leu

WO 02/18444

Pro Ala Thr
5

Thr
Lys
35

Lys
Ser
val
Leu
Tyxr
115
Leu
Val
Trp
Ser
Gly
185
Thr

Ser

Bsp

Leu
275
Lys

Cys
Thr
Lys
355
Thr
Glu
Asn

Asn

Leu
435

Val
20

Leu
Tyr
Ile
Thr
Glu
100
ala

Gln

Gln
Thr

180
Arg

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

420
Ile

Gln
Sex
Tyr
Glu
Gly
85

Asn
Leu
Glu
Val
Asp
165
Asn
Cys
Cys
Cys
Asp
245
Gln
His
Cys
Pro
Pxro
325
Ser
Ile
Ile
Leu
Gln
405
Val

Leu

Gly
Pro

Ser

His
70

Tyr
Leu
Ala
Leu
Asp
150
Ile
Gly
Trp
Ala
Cys
230
Cys
Cys
Asn
Fro
Ser

310
Cys

Asn
His
Asn
390
Ser

Thr

Lys

Leu
Sexr
Leu
Asn

55
Asn

Arg
Ile
Gly

135
Gln

Ser
Gly
Glu
215
Ris
Phe
Pro
Phe
His
295
Ser
Thr
Met
Cys
Gly

375
Val

Ile

Gln

Trp
Asp
Ser
40

Cys
Arg
Leu
Ile
Phe
120
Leu
Asn
Arg
Ser
Pro
200
Gln
Arg
Ala
Gln
Asn
280
Asn
Lys
Asp
Ser
Thr
360
Asp
Phe
Pro
Gly

Gln
440

val
Ser
Asp
Glu
Asp
Val
Ile
105
Leu
Lys
Lys
Asn
Gly

185
Thr

Glu
Cys
Thr
265
Ala
Phe
Met
Ile
Ala
345
Lys
Pro
Arg
Pro
Gly

425
Gly

Trp
10
Gln

Leu

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

330
Gln

Val
Ser
Glu
val
Ser

75
Leu

Tyr
Leu
Leu
155
Trp
Gly
Asn
cly
Ala

235
Asn

Val
315
Pro
Thr
Asn
Asn
Val
395
Met
Val

Thr

Ser
Val
Gln
bﬂst
Phe
Asn
Thr
Arg
Thr
140
Cys
Pro
Arg
Ris
Arg
220
Gly
Phe
Tyr

Thx

1 2Asp

300
Glua

Lys
Val
Gly
Ala

380
Arg

Leu

Ser

Leu
Cys
Gln

45
Gly

Gln
Lys
Lys
125
Glu
Tyr
Ser
Cys
Cys
205
Cys
Gly
Asn
Asn
Tyr
285
Ser
Glu
Ala
Bsp
Asn
365
Ile
Glu
Asp
Tyr

Leu
445

Leu
2la

30
Tyxr

Arg
Phe
Leu
110
2Asp
Ile
Ala
Asn
His
190
Gln
Tyr
Cys
Asp
Pro

270
Gly

Asn
Cys
Ser

350
Leu

Leu
Ser
Axg

95
Tyr

Leu
Asp
Leu

175
Lys

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

Phe

(138)
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Ala
Thr
Ala
Glu
Val
Tyx
Glu
Asn
Asn
Thr
160
Thr
Ser
Leu
éro
Gly
240
Gly
Thr

FPhe

Ile
320
Gly
Asn
Phe
Ile
Gly
400
val

Leu

Gln
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Glu
545
Lys
Cys
Cys
Asp
Cys

625
His

Val
Phe
Pro

705
Val

Ala
Gly
785
His
Ser
Tyr

Val

WO 02/18444

Leu
450
Leu
Asn
Ala
Gly
Arg
530
Phe
Met
Thr
Pro
Pro
610
Asn
Ser
Ile
Tyr
Leu
690
Lys
val
Asn
Leu

710
Val

Gln
Leu
Leu

850
Arg

Thr
Met

Pro

Lys
Cys
Gln
Glu
Pro
515
Ile
Glu
Glu
Lys
Asp
595
Asp
Gly

Thr

Val
675
Glu
Gln
Val
Pro
Glu
755
Ile
Cys
Cys
Leu
Glu
835
Val
Leu
Pro
His
Thr
915
Asp

Glu
Tyr
Arg
Gly
500
Gly
Cys
Asn
Asp
Cys
580
Gly
Arg
Pro
Leu
Gly
660
Arg
Thr
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
Thr
Ala
Sexr
Leu
805
Leu
Arg
Ser
Glu
Lys
885
Ser

Gly

Leu

Ser
His
470
Val

Asp
Glu
Serx
550
Leu
His
Gln
Cys
Ser
630
Gln
Phe
Lys
Leu
Leu
710

Ser

Glu

Ser
Pro
790
Glu
Asn
Bxg
Pro
Gly
870
Trp
Asp
Gly

Glu

Ala
455
Thr

Cys
Gln
Ser
535
Ile
Leu
Phe
Gly
His
615
His
His
Ile
Ser
Val

695
Arg

Thr
Pxo
Met
775
Thr
Tyr
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
Ile
Ala
val
Lys
760
Asp
Ile

Val

Val
840
His

Glu

Ala

Pre
920
Gly

Asn
Asn
Asp
His
505
Leu
Asn
Val
Cys
Asp
585
Asn
Cys

Cys

val
665
Lys
Pro
Leu
Phe
Lys
745
Ala
His
Gln
His
val
825
His
Val
Lys
Leu
Ser
905
Tyr

Gla

Ile
Trp
Asn

490
Leu

Leu
Glu
His
570
Gly

His
Ile
Thr
650
Ile
Lys

Leu

Gly
730
Ile

Pro
Leu
Glu
810
Gln
Arg
Lys
Glu
Glu
830
Tyr
Asp

arg

Tyr
Thr
475
Arg
Cys

Cys

Cys
555
Gly
Pro
Phe
Pro
Tyr
635
Pro
val
Lys
Thr
Glu

715
Thr

val
Ris
Val

7395
His

Asp
Ile
Tyr

875
Cys

Gly

Leu

Ile
460
Thr
Lys
Ser
Arg
Asp

540
Asp

Asn
Ile
Asn
620
Tyr
Leu
Gly
Arg
Pro
700
Thr
Val
Val
Glu
Leu
780
Thr
Lys
Alz
Leu
Thr

860
Asn

val
Ile

Pro

Leu
Ala
Ser
Arg
525
Gly
Pro
Gly
Cys
Phe
605
Cys
Pro
Ile
Leu
Ala
685

Sex

Glu

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

225
Gln

Asp
Phe
Glu
Asp
510
Phe
Glu

Gln

Val
590
Lys
Thr
Trp
Ala
Thr

670
Leu

Leu
Lys
Ile
750
Met
Ary
Leu
Asn
Gly
830
Ala
Phe
Asp
Tyr
Ile
910
Thr

Pro

Asn
Ser
Asn
495
Gly
Ser
Fhe
Cys
Asp
575
Glu
Tyx
Gln
Thx
Ala
655
Phe
Arg
Thr
Lys
Gly
735
Bsp
Leu
Met
Ile
815
Met
Arg
Gly
Gly
Arg
895
Trp
Arg

Pro

(139)
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Ser
Thr

480
Cys

Arg
Arg
Glu
560
Asn
Lys
Ala
Gly
Gly
640
Gly
Ala
Arg
Ala
Arg
720
Ile
Ile
Glu
Leu
Pro
800
Gly
Met
Asn
Leu
Gly

880
Lys

Glu

Ile
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Cys
945
Ala

Met
Asp
Pro
1025
Ile
Thr

Ala

Ber
1105
Glu

Asn
1185
Glu
Gly
Ala

Pro

Lys
1265

930
Thr

Asp
Ala
Lys
Glu
1010
Gln
Asp
Pro
Glu
Glu
1090
Cys
Asp
Glu
Met
Pro
1170
Pro
Tyr
Lys
Lys
Arg

1250
Tyr

Ile Asp
Ser Arg
Arg Asp
980
Leu Pro
895
Glu Asp
Ala Phe

Ser Asn

Met Ser

1060

val
Pro
965
Pro
Ser
Leu
Asn
Arg

1045
Gly

Tyr
950
Lys
Gln
Pro

Glu

Ile

935
Met Val

Phe Lys
Arg Tyr

Asn Asp

Met
Glu
Leu

985

Sexr

1000

Asp Met
1015
Pro Pro

1030

Sexr

Asn

Gln Gly Val Ser

1075

Ala Pro Val Ala

Cys Asn Gly Thr
1110
Ser Ser Thr Gln Arg Tyr Sex

Arg Ser

1125
Pro

1140

Arg Asp
1155

Phe Val
Glu Tyc
Val Asn

Ala Glu

1220

Lys Ala
1235
Ser Thr

Phe Tyx

Asn Pro Glu Tyr

Pro Fro Pro

<210

> 3

<211> 2601
<212> DNA

<213> Homo

<400

ccaatcgatt
gtgcaggaac
tgegeaagta
agcacaaccyg
tggectcttaa
aactttatga

> 3

Lys
Ser
His
Glu
1205
Tyr
Phe
Leu
Lys

Leu
1285

saplens

tegeggeaaa
ggagaataaa
ctatgaaaac
ggaccitctee
tcagtttegt
ggatcgatat

Glu Ile

Gln Phe

Val Pro

Met
Pro
Gly
Val

1065
Tyr

1080

Gln Gly
1098
Leu Arg

Ala

Lys

Arg Gly €lu Leu

1145

Pro Lys Gln Glu
1160

Arg

Asn

Arg Lys
1175
Ala Ser

1180

Pro
Leu
Bsp
Gln

Gln

Leu Tyr
Lys Asn

Asn Pro

Asn
Asn
Leu
Asn

1225
Asp

1240

His Pro
1255
Asn Gly

1270
Ser Glu Phe Ser

gaccttoegy
ctgagetete
tgtgaggttg
ttectgeggt
tacctgecte
gecttggeaa

Asp

Arg

1305

Val
Leu

970
val

Ala
Asp
Tyr
Gly
Gly

Asn

1210

Ile
Tyr
Tyr

Ile

940
Lys Cys
955
Ala Rla
Ile Gln
Phe Phe

Ala Glu

Trp Met
Glu Phe

Gly Asp
980
Gln Asn
1005
Glu Tyr

1020

Tyx Thr
1035

Ser Pro
Arg Asp
Ala Fro

Ala Glu

Ser Arg
Pro Pro

Gly Gly
107
Thr Ser
1085
Ile Phe

1100

val Ala
1118

Asp Pro
Glu Glu

Leu Asn

Asp Leu

Pro His
Thr Val

Gly Tyr
115
Pro Val
1165
Gln Ala

1180

Pro Pro
1185

Thr Phe
Leu Ser

Trp Asn

Leu Gln

Lys BAla
Ala Asn

Met Pro
123
His Sex
1245
Glu Tyr

1260
Arg Pro Ile Val Rla Glu

1275

(140)
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Ile Asp
960

Ser RArg

975

Asp Arg

Leu Leu
Leu Val

Ala Arg
1040

Ala Tyr

1055

Phe Ala

0

Thr Ile

Asp Asp

val Gln
1120

Phe Ala

1135

Met Thx

0

Glu Glu

Leu Asp

Glu Asp
1200

Thr Leu

1215

Glu Lys

0

Leu Pro

Ser Thr

1280

Leu Lys Pro Gly Thr Val Leu
1290 1295

tectggacca
tctetgacct
teatgggeaa
ctgttcgaga
tggagaattt
tatttttaaa

5

Pro Tyr Arg His Arg Asn Thx Val val
1300

getgetogag
ggaacagcayg
cetggagata
agtcacaggce
acgeattatt
ctacagaaaa

cagtcagtgt
taccgagect
accageattg
tacgtgttag
cgtgggacaa
gatggaaact

60

120
180
240
300
360
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ttggactteca agaacttgga
tagaccagaa caaattcett
acccatggec ttccaacttg
gecataagte ctgtactgge
caaggacggt gtgtgcagaa
getgecateg agaatgtget
gcatgaattt caatgacagt
atccaaccac ctttceaactg
gtgtcaagaa atgtccacat
ctagttceaa gatggaagta
tttgcccaaa agettgtgat
attccagtaa cattgacaaa
tagtcactgy tattcatggg
tgascgteott teggacagte
caaacatgac tgacttcagt
atagtggect gtecttgett
ccctgaagga aatcagegea
atcataccat taactggaca
acaacagaaa agctgaaaat
gtgatggcty ttggggacct
gaaggatcty catagagtcet
geotecatetg tgtggagtgt
gecatggace gggtectgac
gtgtggaaaa atgtccagat
atocagatcg ggagtgccac
ctagtcatga ctgeatttac
caccgtgece agcacctgaa
ccaaggacac cctcatgatce
gccacgaaga ccctgaggte
ccaagacaaa gococgcgggag
cegtectgea ceaggactgg
cccteccage ceoeceategag
aggtgtacac cctgceccca
gcectggtcaa aggettetat
cggagaacaa ctggcccace
acggeteett cttectectac
acgtettete atgeteegtyg

tctecetgte tecgggtaaa t

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

<213> Homo sapiens

<400> 4
Gln Ser Val Cys
1

Leu Glu Gln Gln
20
val Val Met Gly
35
Leu Ser Phe Leu
50
Ala Leu Asn Gln

Brg Gly Thr Lys

Asn Tyr Arg Lys

100

Asn Leu Thr Glu
115

Ala
5
Tyr
Asn
Arg
Phe
Leu

85
Asp

Gly
Arg
Leu
Ser
Arg
Tyr
Gly

Leu

Thr
Ala
Glu
Val

55
Tyxr

Asn

Asn

ttaaagaact
tgttatgeag acaccattca
actcttgtgt caacaaatgg
cgttgctggg gacccacaga
caatgtgacg gcagatgcta
ggaggetget
ggagecatgtyg ttactcagtg
gagcacaatt
aactttgtgg tagattccag
gaagaaaatg
ggcattggca
ttcataaact
gacccttaca
agagagataa
gttttttcta
atcctecaage aacagggeat
ggaaacatct
acactcttca gcacaatcaa
tgtactgetg aaggaatggt
gggcecagace aatgtctgte
tgtaacctet
gacccccagt
aactgtacaa agtgctctea
ggcttacagy gggcaaacag
ccatgeccate caaactgecac
tacccatgga cgggcacgeg
cteetggggy gaccgteagt
teccggacee
aagttcaact
gagcagtaca
ctgaatggea
aaaaccatct ccaaagccaa
tcccgggaag agatgaccaa
ccoagegaca tegecgtgga
ccettggett
agcaagcetca ccgtggacaa
atgecatgagg ctctgcacaa

Glu
Leu
Ile

40
Arg

Asp
Fhe

Gly
120

tgacagaaat

caggacctaa
toaatgcaaa

ggattaaaat
caggatcatt
gtaccaagat
atgcaattga
caggtttceet
acctggtgac

atattactga

atgatggtga
gtgagaagat

ctgaggtcac
ggtacgtgga
acagcacgta
aggagtacaa

acaagaccac

Asn Lys Len
10

Arg Lys Tyr

25

Thr Ser Ile

Glu Val Thr
Fro Leu Glu

Arg Tyr Ala
90

Gly Leu Gln

105

Gly Val Tyr

(141)
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cctaaatggt ggagtctatg
ttggeaagat attgttcgga
tagttcagga tgtggacgtt
aaatcattge cagactttga
cggaccttac gtcagtgact
ggacacagac tgetttgeet
tececcaaace tttgtctaca
gtacacatat ggagcattcet
ttettgtotg cgtgectgec
gtgtaaacct tgcactgaca
gatgtcaget cagactgtgg
caatgggaat ttgatcttte
agccatagac ccagagaaac
gaacatacag tcatggecac
cattggtgga agagtactct
cacctotcta cagttccagt
caacagcaac ctgtgttatt
ccagagaata gtaatccggyg
gtgcaaccat ctgtgtteca
gtgtegeege tteagtagag
atttegggag tttgagaatg
ggaagatggc ctcectoacat
ttttaaagat ggcccaaact
tttcatttte aagtatgetg
ccaagggtgt aacggtecca
tgacaaaact cacacatgcce
ctteetette ceeoccaaaac
atgcgtggtg gtggacgtga
cggegtggag gtgeataatg
cegggtgate agegtectea
gtgeaaggte tccaacaaag
agggcageoce cgagaaccac
gaaccaggtc agectgacct
gtgggagage aatgggeage
gectecegty ctggactecyg
gageaggtgg cagcagggga
ceactacacg cagaagagec

Ser

Tyr

Gly
Asn
Leu
Glu

Val

Ser
Glu
His
45

Tyr
Leu
Ala
Leu

Asp
125

Len Ser Asp
15

Asn Cys Glu

30

Asn Arg Asp

Val Leu Val
Arg Ile Ile
Ile Phe Leu
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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Fhe
Pro
145
Cys
Glu
Asp
Cys
Met
225
Phe
Lys

Val

Cys
305
Gln
Ile
Tyr
Thr
Asn
385
Arg
Ile

Ile

Asn
465
Leu

Ser

Leu
130
Trp
Gly
Asn
Gly
Ala
210
Asn
val
Tyr
Val
val
280
Pro
Thx
Asn
Asn
val
370
Met

Val

YT
Thr
450
Axg
Cys
Cys
Tyr
Cys
530
Gly
Ero
Phe

Pro

Tyr

His
Brg
195
Gly

Phe

Thr
Asp
275
Glu
Lys
Val
Gly
Ala
355
Arg
Thr
Leu
Ser
Tle
435
Thr
Lys

Sexr

Asp
515
Asp
Pro
Asn
Ile
Asn

585
Tyr

Tyr
Ser
Cys
Cys
180
Cys
Gly
Asn
Asn
Tyr

260
Ser

aAla
Asp
Asn
340
lle
Slu
Asp
Tyr
Leu
420
Thr
Leu
Ala
Sexr
Arg
500
Gly
Pro
Gly
Cys
Phe

580
Cys

Asn
His
165
Gln

Ser
325
Leu
Glu

Ile

Ser
405
Gln
Asp
Phe
Glu
Asp

485
Fhe

Gln
Pro
Val
565
Lys
Thx

Trp

Asp
Leu
150
Lys
Thi
Gly
Ser
Sex
230
Thr
Bla
Sexr
GLy
Asp
310
Ser
Ile
Ala
Thr
Sexr
390
Gly
Fhe
Asn
Sex
Asn

470
Gly

Phe
Cys
Asp
550
Glu
Tyr
Gln

Thr

Thr
135
Thr
Ser
Leu
Pro
Gly

215
Gly

Phe
Cys
Ile
295
Gly
Asn
Phe
Ile
Gly
375
Val
Leu
Gln
Sex
Thr
455
Cys
Cys
Arg
Arg
Glu
535
Asn
Lys
Ala
Gly

Gly

Ile
Leu
Cys
Thx
Tyxr
200
Pro
Ala
Phe
Cys
Val

280
Lys

Ile
Leu
Asp

360
Phe

Ser
Ser
Asn
440
Ile
Thr

Trp

Glu
520
Lys
Cys
Cys
Asp

Cys
600

Ris
Val
Thr
Arg
185
Val
Lys
Cys
Gln
Val

265
Arg

Gly
Asp
val
345
Fro
Leu
Ser
Leu
Leu
428
Leun
Asn
Ala
Gly
Arg
505
Phe
Met
Thx
Pro
FPro

585

Asn

Tzp
Ser
Gly
170
Thr

Sexr

Val
Leu
250
Ala
Cys
Thr
Lys
330
Thr
Glu
Asn
Asn
Leu

410
Lys

Gln
Glu
Pro
490
Ile
Glu
Glu
Lys
Asp

570
Asp

Gln

Thr

Cys
Lys
Gly

315
Phe

Lys
Ile
Leu
395
Ile
Glu
Tyr
Arg
Gly
475
Gly
Cys
Asn
Asp
Cys

555
Gly

Pro

Asp
140
Asn

Cys

Cys
Rsp
220
Gln
His
Cys
Pro
Pro

300
Ser

Ile
Leun
Gln

380
Val

Ile
Tyr
Ile

460
Met

Ile
Gly
Gly
540
Ser
Leu

Glu

Thx

Ile

Gly

Bla
Cys
205
Cys
Cys
Asn
Pro
Ser
285
Leu
Asn
His
Asn
365

Ser

Thx

His
445
val
val
Asp
Glu
Ser
525
Leu
His
Gln
Cys

Ser
605

Val
Ser
Gly
Glu
1%0
His
Phe
Pro
Phe
His
270
Ser
Thr
Met
Cys
Gly
350
Val
Trp
Ile
Gln
Ala
430
Thr
Ile
Cys
Gln
Ser
510
Ile
Leu
Phe
Gly
His

590
His

Arg
Sex
Pro
175
Gln
Arg
ala
Glin
Asn
255
Asn
Lys
Asp
Ser
Thr
335
Asp

Phe

Pro

Gln
415
Gly
Ile
Arg
Asn
Cys

495
Cys

Thr
Lys
Ala
575

Pro

Asp

(142)
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Asn
Gly
160
Thr
Cys
Glu
Cys
Thr

240
Ala

Ala
320
Lys

Arg
Pro
Gly
400
Gly
Asn
Asn
Asp
His
480
Leu
Asn
Val
Cys
Asp
560
Rsn
Cys

Cys
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