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BACKGROUND OF THE INVENTICN/’ wastract : pagepl. Ld@emc@br4vep growt h factor
(PDGF) is a potent 15 pﬁollferatREEEaant in.cells.ofj mesenchymal origin
(Ant oni ades, H N et "al” (19/9) ProcC. Nﬁt] ACad. SCI. USA 76

1869- 1813; Bowen- Rg : =/o 9§8 Brgeg Chem 257
5161-5171; Heldin, CH. '

10054- 10059, all of whi ch ar oT ’0 ref erence).
PDG-F (MW 30 KDa) is a dlsulphlde Ilnked d| consisting of 2
honol ogous chains termed A or BRI QR THER INVENTIQF al . (1982) Biochi-m

Bi ophvs. Res. Comiifje piBdeneSiftrentlici relates generally to the
production and use of immunoglobulin polypeptides that inhibit
10 PDGF-mediated proliferation of cells displaying the human type
beta platelet derived growth factor receptor.

BACKGROUND OF THE INVENTION
Platelet derived growth factor (PDGF) is a potent
15 proliferative agent in cells of mesenchymal origin (Antoniades,
H.N. et al. (1979) Proc. Natl. Acad. Sci. USA 76: 1809-1813;
Bowen-Pope, D.F. and Ross, R. (1982) gé_giglb_ghgm. 257:

5161-5171; Heldin, C-H. et al. (1983) gé_g;g;&_gggm._zsa:
10054-10059, all of which are incorporated herein by

20 reference). PDGF (M.W. 30 KDa) is a disulphide-linked dimer
consisting of 2 homologous chains termed A or B (Johnsson, A.
et al. (1982) Biochim. Biophys. Res. Commun. 104: 66-74, which

is incorporated herein by reference). The chains may combine
with ‘chains of the same or the other type, resulting in 3

25 isoforms AA, BB or AB (Heldin, C-H. et al. (1986) Nature 319:
511-514, which is incorporated herein by reference). The
mitogen PDGF was first identified (Antoniades, H.N. (1979)
Proc. Natl, Acad. Sci. USA 76: 1809-1813; Raines, E.W. and
Ross, R. (1982) J. Biol. Chem. 257: 5154-5160, both of which

30 are incorporated herein by reference) and purified from human
platelets (Raines, op. cit.), though subsequent research has
shown that several cell types including vascular endothelial
cells, vascular smooth musc;e cells, macrophages and even
fibroblasts synthesise PDGF (Ross, R. et al. (1986) Cell 46:

35 155-169, which is incorporated herein by reference).

The cellular proliferation induced by all isoforms of

PDGF is mediated by ligand binding to the PDGF receptor
(Heldin, C-H. (1983) op. cit., Ek, B. et al. (1982) Nature 295:




I s-incorporated herein by reference). The chains may conbi ne W th
chai ns of Wiposapsosor the other type, resulting in 3 25 I SoPQTHESY2X]10358
or AB (Heldin, GH et al. (1986) Nature 319: 511-514, which is

i ncorporated herein by reference). The 2 m t ogen PDGF was first

i dentified (Antoniades, H N (1979) Proc. Natl. Acad. Sci. USA 76:
1809- 1813; fAs-+w20;: Edlerand K. et &bss(1882(1982Bibl Bichem Cheds7257:
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bi nding to the PDGE receptor Hel di n §6@ 8%& og cit k, B.

et al (198@59?\163]&?’@)29 atsui, T. e V®193 £18 Science-243: 800-804, and
PCT/USQZ/lGEﬁksson-Welsh L. (1989) g;gg;_ﬂ_;l*_héggﬁ_ggléﬂgga48@

a 8 BL o] 7 Lt
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1532 1534, both of whlch are incorporated herein by reference).

High affinity binding of PDGF to the receptor is
followed by receptor dimerisation (Bishayee, S. et al. (1989)

15 J. Bj . Chem. 264: 11699-11705, and Heldin, C-H. et al. (1989)
J. Biol., Chem. 264: 8905-8912) and autophosphorylation
(Frackelton, et al. gop. cit.), and results in a complicated
series of intracellular signalling events culminating in DNA
synthesis. Mouse and human PDGF beta receptor and PDGF alpha

20 receptor genes have been cloned (Matsui et al. op. cit.,
Claesson-Welsh et al. op. cit., Yarden et al. op. cit., and
Escobedo et al. op. cit.). When referring to PDGF receptors
herein, type A and type alpha are used interchangeably, as are
type B and type beta.

25 The two receptor isoforms may be distinguished by their
markedly different ligand binding specificities. PDGF beta
receptor binds only B-chain (isoforms BB and AB), while PDGF
alpha receptor can bind all  forms of PDGF (isoforms containing

A and/or B chain (Matsui et al. op. cit., Claesson-Welsh et al.

30 op. cit., and Seifert, R.A. et al. (1989) J. Biol. Chem. 264:
8771-8778) . The PDGF receptor shows a high degree of
structural homology to the macrophage-colony stimulating factor
receptor (Coussens, L. et al. (1986) Nature 320: 277-280) and
the c-kit protooncogene product (Yarden, et al., op. cit.).

35 The PDGF receptors are characterised'by an
extracellular domain which may be demarcated into five Ig-like
domains (Domains 1-5) based on their f-sheet rich structure.



famly and consists of two receptor subtypes, termed type A (0 &f
al pha) (Mow©93/10805et al . (1989) Sci ence 243: 800-804, and PCT/US92/1 59

Cl aesson-Wel sh, L. (1989) Proc. Natl. Acad. Sci. USA 86: 4917- 4921,
both of which are incorporated herein by:}eference) 10 and type B (or
type beta) (Yarden, Y. et al. (1986) Nature 323: 226- 232, and
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type al pha @f&@syseﬂ | ggenghag ea ,, )as aro%zever, ém&aﬂéwt mﬁﬂ %e 25
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may be demarcated I n
significantly reduced the formation of intimal lesions in

deendothelialised carotid arteries of athymic nude rats. PDGF
has been ;mplicated in the pathology of proliferative diseases

20 in cells of mesenchymal origin (Nister, M. et al. (1984) Proc.
Natl. A Sci. U 81l: 926-930, and Nister, M. et al.. (1987)
Cancer Res. 47: 495344961, both of which are incorporated
herein by reference). Golden et al. have reported that PDGF A
chain message was increased in areas of intimal hyperplasia in

25 a baboon model for vascular grafts ((1990) J. Vase. Surg. 1l1:
580-585). PDGF is also chemotactic for smooth nuscle
(Westermark, B. et al. (1990) Proc. Natl. Acad. Sci. USA 87:
128-132), and platelet PDGF may be the causative agent for the
migration and proliferation of smooth muscle cells in the

30 ballooned rat carotid artery, which results in significant
stenosis.

The study of other growth factors and their receptors
has been aided by the invention of antibodies against the
receptors. For example, antibodies that recognize the

35 epidermal growth factor receptor have proved to be powerful
tools in evaluating the mechanism of receptor activation
(Spaargaren, M. et al. (1991) J. Biol. Chem. 266: 1733-1739,



domai ns (Domai ns 1-5) based on their [err]-sheet rich structure.
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regul arly spaced cysteine residues (exceat in the fourth repeat). The
receptor has a single transnenbrane domain and a cytoplasm c tyrosine

ki nase domain (WJllianms, L. T. 989) . i a1 D64 154 Lchl

i ncor por at éﬁ“ﬁg} eth drpora'f%ée %ﬁ%b{*. §§ %Q%%;%‘}'x%?) 'PD@%%%X\%% dghinst
i nport ant rEcephorsigtowr imterleukiph®si(TLogi cdinhdtiteddes? such as tissue
repair and ; | ( , i B i Bl pale: ' i shugdiges
now i npl i caﬁqg%%%go%bt%ﬁ? %ﬁ%gé?’%ﬁagatt rrlloelo %&%ﬁ%ﬁ%ﬁ@gﬂ:tg £
di sorders ampliferationhefdcespepaive 6elds: (AUPTSE cithrots 3Rosé19R1) el

al | op.  Biol tcrlen FXPI§95180) of RDER AsChaicemisukAF Hetainesgptor has
been detected_ 1n human at herosclerotic plaques by in situ .
hybri di sat iXRfSRANE®k: JSARILATAY, El@gg cionadj rﬁm?‘rﬁx%éif.a%%%’_‘ig the
1134-1143) .epideendl Vgréwtnscabtor. (EGFYOteciptmreittibits  1129-1132)
T e e en SrCERUT R, oERRORE W, momh ) A§ABE R pcn,
arteries(ﬁCéﬂhyhinenudE—VaKgppBBQEn, D.A.hd§$§§¥1J;mﬂgkhLeHngig&e.1}1:
P LEhooY, Lol SURLENe g, SResthothoaq WU gl repgRORRY SR
Nister, M antibodi¢sosay be of gzeasr therapentimsalee1inpbrRaging,gxewth
are incor pog@tefr-mediated diseases.
Several groups have isolated antibodies against PDGF
receptors, but these antibodies have limited utility (see, for
15 example, Kawahara, R.S. et al. (1987) Biochem. Biophys. Res.
Commun. 147: 839-845, which is incorporated herein by
reference). Additiona. monoclonal antibodies have been raised
against the extracellular PDGF-binding domain of a PDGF
receptor from porcine uterus (Ronnestrand, L. and Terracio, L.
20 (1988) J. Biol. Chem. 263: 10429-10435, which is incorporated
herein by reference), but these antibodies did not inhibit
binding of *I-labelled PDGF to human fibroblasts. Numerous
antibodies against a PDGF receptor that did not inhibit PDGF
activity have also been reported by Kanakaraj, P.S. et al.
25 (1991) Biochemistry 30: 1761-1767; Claesson-Welsh, L. et al.
(1989) J. Biol. Chem. 264: 1742-1747; Seifert, R. A. et al.
(1989) J. Biol. Chem. 264: 8771-8778; Kumjian, D. A. et al.
(1989) Proc. Natl. Acad. Sci. USA 86: 8232-8236; Bishayee,
S. et al. (1988) Mol. Cell. Biol. 8: 3696-3702; Hart, C. E.
30 et al. (1987) J. Biol. Chem. 262: 10780-10785; Escobedo, J. A.
et al. (1988) J. Biol. Chem. 263: 1482-1487; Daniel, T. O. et
al. (1987) J. Biol. Chem. 262: 9778-9784; Keating, M. T. and
L. T. Williams (1987) J. Biol. Chem. 262: 7932-7937;
Kazlauskas, A. and J. A. Copper (1990) EMBO J. 9: 3279-3286;
35 all of which are incorporated herein by reference.
Thus, there exists a need for immunoglobulin and other
agents capable of specifically inhibiting activation of the




herein by reference). GColden et al. have reported that PDG- A chain
nmessage maéggggaﬁﬁged In areas of intimal hyperplasia in 25 perogs/10359
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nodel fo grafts ((1990) J. Vasc. Sura. 11: 580-585). PDGF
is al so chenotactic for snmooth nuscle 5 (Westermark, B. et al. (1990)
Proc. Natl. Acad. Sci. USA 87: 128-132), and platelet PDGF may be the
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i ncor por at proldfenative clisenses, andi pdspcdispasen involvirgPPGFs for
nter| euki GietiGlde)cndibtdkis ana migratibfl.NAlcH iPibedtdl | 1hE1488L DI t
t he subsequent 1 nduction o . profiferation of responsive cells
(Duprez, V. et al.a])199rps¥enesis,pgjificluding ¢ayenary;regteapsis after

Lg;?incgfr ?}1 gﬁdl%;ﬁiarsﬁy, atheré8teng)cor. other drvasivemechodsel ofnpiaade
removal, and renal or peripheral artery restenosis after the
same procedures:;
b) vascular proliferative phenomena and fibrosis
associated with other forms of acute injury such as: pulmonary
15 fibrosis associated with adult respiratory distress syndrome,
renal fibrosis associated with nephritis, coronary stenosis
associated with Kawasake's disease, and vascular narrowings
associated with other arteritides such as Takayasha's disease;
c) prevention of narrowings in vein grafts:
20 da) prevention of narrowings due to accelerated smooth
muscle cell migration and proliferation in transplanted organs:
e) other fibrotic processes, such as schleroderma,
myofibrosis; and
£) inhibition of tumor cell proliferation which is
25 mediated by PDGF.
The present invention fulfills these and other needs.

SUMMARY OF THE INVENTION
The present invention provides immunoglobulin
30 polypeptides that specifically bind to a human type beta
platelet derived growth factor receptor (SPDGF-R), wherein
binding of the immunoglobulin polypeptide to the fifth Ig-like
domain of a human SPDGF-R has one or more of the following
effects: i) inhibition of PDGF BB binding to the receptor: ii)
35 inhibition of PDGF-induced SPDGF-R phosphorylation; iii) |
inhibition of PDGF-induced dimerization of BPDGF-R; iv)
inhibition of PDGF-induced mitogenesis of cells displaying



epidermal growth factor (EGF) receptor inhibits estrogen-stinul at ed

growt h of Hﬁg manmary adenocar ci noma cell line MCFpE&r{E89516399, -
D. A (1989%99& Physiol. 141: 10 420- 430, which is incorporated
herein by reference). Such anti bo@i es rray be of great therapeutic
value in treatin r owt h factor-pe

|at d di seases. . .
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io

rt E. 30 et al. 1987 Bi ol 262
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Thus, therg £d; £ ogHN9gL 8 vk ENmd oﬁ%h%rf treatifP S Fum

capabl e of ss?egéélcalﬁ |n%9%n ?ﬁH gctlevat %on gg satird) an
having a PDGF-mediated dlsease .mvolv:l.ng proliferation of
smooth muscle cells, comprising administering to the patient a

therapeutically effective dose of an immunoglobulin polypeptide

20 of the present invention.
BRIEF DESCRIPTION OF THE FIGURES
Fig 1. Recombinant Human Beta Receptor Extracellular

Domain Constructs. Deletion mutagenesis of the full length
PDGF beta receptor was performed as described in Methods. PAl

25 refers to the 5 domain extracellular PDGF beta receptor (amino
acids 1-499) which was made by deleting, from the PDGF type
beta receptor cDNA, the codons for amino acid residues 500-1074
using the oligonucleotide GTG TGA GGA ACG GGA AAT TCA TCG AAG
GAC ATC CCC CGAC (SEQ ID NO:1). PA2 refers to the 4 domain

30 extracellular PDGF receptor (aa 1-384) which was made by
deleting the conds for amino acid residues 385-1074 from the
CDNA, using the oligonucleotide GGA AGG TCG ATG TCT AGT TAA TCG
AAG GAC ATC CCC CGAC (SEQ ID NO:2). Putative Ig domains are
indicated as follows: D1 (aa 1-91), D2 (aa 92~181), D3 (aa

35 182-282), D4 (aa 283-384) and D5 (aa 385-499). The peptide
determinant of the polyclonal antisera 1-3-5 is indicated above
Dl1.
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human r ecegwiopgs/sesesor proliferation of cells displaying the Paﬂdﬁ%lq:’;ge

beta PDGF receptor. Such agents would be useful in mappi ng t he
di fferent functional donmains of the receptor, and i n dissecting the
role of PDGF and its receptors in normal and 5 di sease processes.
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iratory. di stress ,syndroneg,
with nephrlﬁFi Eoﬂgﬁé? §P§ﬁ3§F§£ 3 mﬁ%ﬁﬂxﬁ%ﬁeﬁ“ﬁ?tﬁkgé%g Oméﬁéﬁﬁ?

_?ng van]uI abveanﬂ.gm:ngt 4°C withs @0 apalnidfh editirer aMAbr RALERS (sImtesaSL and
akayas a s,dis
4? ggs%hea) PDGF, beta re e&tcﬂr %’cﬁ%éf&nﬁi Qﬁ‘i’.&%\@dgﬂ ﬁ'at T

grafts; ion narrow ngs due 1o acc
snootlo (Lanes| @ aaulsnhgmatﬁomqnn$RQQﬂ£imemneqanaﬂréﬂﬁﬂhﬂﬁﬁxiLanes 3
organs, and 6). . The nitrocellulose strips were washed with PBS

containing 0.5% milk and 0.1% Tween 20, incubated with
1251_31abelled protein A for 2 hours at room temperature, and
exposed to X-ray film. The arrow indicates the position of

15 pAl-5.

B. Immunoprecipitation of Secreted 4 Domain

Extracellular PDGF Beta Receptor pa2-7. Secreted 4 domain
extracellular PDGF beta receptor pA2-7 (2.6 ug) was incubated
with either MAb 2A1E2 (Lane 2, S5 ug), 1C7D5 (Lane 3, 5 ug) or

20 nonspecific MAb (Lane 4, 5 ug) in a final volume of 500 ul in
I.P. buffer for 3 hours at 4°C. Protein A sepharose CL4B:
Protein G sepharose CL4B (1:1) was added to each tube (60 ul of
50% slurry) and the incubation was continued for 2 hours at
4°C. The beads were spun down, washed 5X in I.P. buffer and

25 electrophoresed on a 10% Laemmli ge;, The gel was transferred
onto nitrocellulose and blocked in PBS containing 5% milk. The
blot was incubated with a 1:100 dilution of a rabbit polyclonal
anti~PDGF beta receptor Ab (1-3-5) in PBS containing 0.5% milk.
After incubating overnight, the blot was washed, incubated with

30 1237.protein A, washed, and exposed to X-ray film. Lane 1 shows
a standard of PA2-7 without immunoprecipation. The arrow
indicates the position of pa2-7. .

C. Immunoprecipitation of Secreted Extracellular PDGF

Beta Receptor by MAb 2A1E2. Extracellular human PDGF beta

35 receptor (pAl-5, 5 pug) was immunoprecipitated with 5 ug of
either nonspecific MAb (Lane 2), MAb 2Al1lE2 (Lane 3), or 1C7D5
(Lane 4), as described for panel A. The samples were were



e) other fibrotic processes, such as schl eroderns, - nmyofibrosis; and

f) inhibition of tunmor cell proliferation which is 25
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Tonor one AR LA 00 EORST he agmcraB 18RI, Ml
sequence scakeiflanwiexle then incubated with I -PDGF BB and the bound

10 radicactivity was determined as described. Non-specific
binding is defined as the amount of '**I-PDGF BB bound in the
presence of 100-fold excess unlabelled PDGF BB. B) HR5 cells
were incubated with various concentrations of full-length MAb
2A1E2, MAb 2AlE2-F(ab')2, or MAb 2AlE2-Fab, and 100 nM

15 full-length anti-Ilb/IIIa as described in Methods. Total
binding of !?I-PDGF BB to the cells in the presence and absence
of MAbs and their derivatives was measured. The amount of
1257 _PDGF BB bound in the presence of 100 fold-excess unlabelled
PDGF BB represents non-specific binding.

20 Fig 4. Inhibition bf Phosphorylation of HRS cells by
MAb 2A1E2. Confluent monolayers of HR5 cells in 6-well dishes
were preincubated in duplicate with various MAbs, followed by
incubation with ligand PDGF BB as described in Methods. Cells
were solubilised, and the equivalent of one 6-well dish was

25 electrophoresed on a 7% Laemmli. gel and transferred onto
nitrocellulose. The western blot was blocked and then
incubated with antiphosphotyrosine MAb. The blot was then
incubated with **I-Protein A and autdradiographed. Lanes 3-7
represent wells which were preincubated with either 0.13 nM MAb

30 2A1E2 (Lane 3), 1.3 nM MAb 2A1E2 (Lane 4), 13.3 nM MAb 2AlE2
(Lane 5), 0.13 pM MAb 2A1E2 (Lane 6) or 0.53 uM MAb 2A1E2 (Lane
7), followed by 100 ng/ml PDGF BB. Lane 2 shows the degree of
phosphorylation in the presence of 100 ng/ml PDGF BB, when the
cells were first preincubated with 0.53 uM of a non-specific

35 MAb, and Lane 8 shows PDGF BB-induced phosphorylation when
cells are preincubated with 0.53 uM of PDGF beta receptor MAb
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above of PDGF BB. °H-thymidine incorporation was measured as _
described. : _
Fig 7. Inhibition of Phosphorylation by MAb 2A1E2 in
20 Baboon Smooth Muscle Cells. Baboon smooth muscle cells were

incubated with no PDGF BB (Lane 1), or with 100 ng/mL PDGF BB
in the absence of MAb (Lane 2), or in the presence of 2 nM MAb
2A1E2. (Lane 3), 200 nM MAb 2A1E2 (Lane 4) or 20 nM MAb 2Al1E2
(Lane 5). Ligand induced phosphorylation was determined by
25 Western analysis, as described in Methods.
Fig 8. Inhibition of Mitogenesis by MAb 2A1E2 in
Baboon Smooth Muscle Cells. Confluent baboon smooth muscle
cells were incubated with 1 nM, 5 nM, 25 nM, 250 nM, or 1 uM
MAb 2A1E2 in the presence of various concentrations of PDGF BB.
30 ‘H-Thymidine incorporation was measured as described in
Methods. Data is expressed as a percent of maximal
‘H~-thymidine incorporated (approximately 30-50000 cpm) at
saturating ligand concentration (10 ng/ml) in the absence of
MAb. *H-Thymidine incorporation in the absence of PDGF BB is
35 5-8000 cpm. The graph represents the average of 4 separate
experiments.



D . : WO 93/ 10805

PCT/ US92/ 1Q3893/1 7 PCT/US52/10359
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extracel | ul ar domai n of PDG- beta receptor (Pl[err]l-5, 5 [err]g/lane)
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4, 5 [err]gnoéfkﬁﬁﬁiéﬁé vol une of 500 [err]l in

a) Proteins. _

The terms "peptide", "polypeptide" or "“protein" are

used interchangeably herein. The term "substantial idehtity",

15 when referring to polypeptides, indicates that the polypeptide

. or protéin in question is at least about 30% identical to an
entire naturally occu.ring protein or a portion thereof,
usually at least about 70% identical, and preférably at least
about 95% identical.

20 As used herein, the terms "isolated", "“substantially
pure" and "substantially homogencus" are used interchangeably
and describe a protein that has been separated from components
which naturally accompany it. Typically, a monomeric protein
is substantially pure when at least about 60 to 75% of a sample

25 exhibits a single polypeptide backbone. Minor variants or
chemical modifications typically share the same polypeptide
sequence. A substantially purified protein will typically
comprise over about 85 to 90% of a protein sample, more usually
about 95%, and preferably will be over about 99% pure. Protein

30 purity or homogeneity may be indicated by a number of means
well known in the art, such as polyacrylamide gel
electrophoresis of a protein sample, followed by visualizing a
single polypeptide band on a polyacrylamide gel upon staining.
For certain purposes high resolution will be needed and HPLC or

35 a similar means for purification utilized.

A polypeptide is substantially free of naturally-
associated components when it is separated from the native
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incorporated herein by reference.

b

b) Nucleic acids.

15 Nucleic acids, as used herein, may be DNA or RNA. When
referring to nucleic acids, the term “substantial identity"
indicates that the sequences of two nucleic acids, or
designated portions thereof, when optimally aligned and
compared, are identical, with appropriate nucleotide insertions

20 or deletions, in at least about 80% of the nucleotides, usually
at least about 90% to 95%, and more preferably at least about
98 to 99.5% of the nucleotides.

Alternatively, substantial nucleic acid sequence

_ identity exists when a nucleic acid segment will hybridize

25 under selective hybridization conditions, to a complement of
another nucleic acid strand.

"Substantially complementary" s;mllarly means that one
nucleic acid is identical to, or hybridizes selectzvely to,
another nucleic acid. Typically, selective hybridization will

30 occur when there is at least about 55% identity over a stretch
of at least 14-25 nucleotides, preferably at least about 65%
identity, more preferably at least about 75%, and most
preferably at least about 90% identity. See, M. Kanehisa

Nucleic Acids Res. 12:203 (1984), which is incorporated herein

35 by reference.

stringent hybridization conditlons will typically
include salt concentrations of less than about 1 M, more
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A nucleic acid is "operab1y linked" when it is placed
into a functional relationship with another nucleic acid
20 sequence. For instance, a promoter or enhancer is operably
linked to a coding sequence if it affects the transcription of
the sequence. Generally, operably . linked means that the
nucleic acid sequences being linked are contiguous and, where
necegsary to join two protein coding regions, contiguous and in
25 reading frame.

Techniques for nucleic acid manipulation, such as
subcloning nucleic acid sequences encoding polypeptides into
expression vectors, labelling probes, DNA hybridization, and so
on are described generaliy, for example in Sambrook et al.

30 (1989) Molecular Cloning: A laboratory Manual (2nd ed.), Vols.
1-3, Cold Spring Harbor Labofatory, or Ausubel et al., ed.
(1987) op. cit., both of which are incorporated herein by
reference. , ' _

"Expression vectots", "ecloning vectors", or Y“vectors"

35 are often plasmids or other nucleic acid molecules that are
able to replicate in a chosen host cell. Expression vectors
may replicate autonomously, or they may replicate by being
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(1973), incorporated herein by reference. Host cell lines may
also include such organisms as bacteria (e.g., E. ¢oli or B.
subtilis), yeast, filamentous fungi, plant cells, or insect

15 cells, among others. '

"Transformation” refers to the introduction of vectors

containing the nucleic acids of interest directly into host
cells by well known methods. Transformation methods, which
vary depending on the type of host cell, include

20 electroporation; transfection employing calcium chloride,
rubidium chloride calcium phosphate, DEAE-dextran, or other
substances; microprojectile bombardment; lipofection; infection
(where the vector is an infectious agent): and other methods.
See generally, Sambrook et al., (1989) op. cit. and Ausubel et

25 al. (ed.), (1987) op. cit. Reference to cells into which the
nucleic acids described above have been introduced is meant to
also include the progeny of such cells.

c) Antibodies.

30 .~ As used herein, "immunoglobulin polypeptide" refers to
molecules which have specific immunoreactive activity.
Antibodies are typically tetramers of immuncglobulin
polypeptides. As used herein, the term "antibody" refers to a
protein consisting of one or more polypeptides substantially

35 encoded by immunoglobulin genes. Immunoglobulin genes include
those coding for the light chains, which may be of the kappa or
lambda types, and those coding for the heavy chains, Heavy
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treating d'%%?%%%gle chains (e.g., Huston, et al., Proc. Nat. Acad. Sci.
U.S.A., 85:5879-5883 (1988) and Bird, et al., Science
242:423-426 (1988), which are incorporated herein by
reference). (See, generally, Hood, et al., "Immunology",

1S Benjamin, N.Y., 2nd ed. (1984), and Hunkapiller and Hood,

. Nature, 323:15-16 (1986), which are incorporated herein by
reference). Single-clkain antibodies, in which genes for a
heavy chain and a light chain are combined into a single coding
sequence, may also be used.

20 "Monoclonal antibodies" may be obtained by various
techniques familiar to those skilled in the art. Briefly,
spleen cells from an animal immunized with a desired antigen
are immortalized, commonly by fusion with a myeloma cell (see,
Kohler:and Milstein, Eur. J. Immunol. 6:511-519 (1976)).

25 Alternative methods of immortalization include transformation
with Epstein Barr Virus, oncogenes, or retroviruses, or other
methods well known in the art. Colonies arising from single
immortalized cells are screened for production of antibodies of
the desired specificity and affinity for the antigen, and yield

30 of the monoclonal antibodies produced by such cells may be
enhanced by various techniques, including injection into the
peritoneal cavity of a vertebrate host. _

Monospecific immunoglobulins may also be produced by
recombinant techniques in prokaryotic or eukaryotic host cells.

35 "Chimeric" antibodies are encoded by immunoglobulin
genes that have been genetically engineered so that the light
and heavy chain genes are coméosed of immunoglobulin gene
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t he native reference). Hence, all parts of such a "humanized"

15 immunogl_obulin, except possibly the complementarity determining
regions (CDR's), are substantially identical to corresponding
parts of one or more native human immunoglobulin sequences.

The term "“framework region®, as used herein, refers to
those portions of immunoglobulin light and heavy chain variable

20 regions that are relatively conserved (i.,e., other than the

CDR's) among different immunoglobulins in a single species, as

defined by Kabat, et al., (1987): Sequences of Proteins of
Immunojogic Interest, 4th Ed., US Dept. Health and Human

Services, which is incorporated herein by reference). As used
25 herein, a "human-like framework region® is a framework region
that in each existing chain comprises at least about 70 or more
amino acid residues, typically 75 to 85 or more residues,
identical to those in a human immunoglobulin.
Human constant region DNA sequences can be isolated in
30 accordance with well known procedures from a variety of human
cells, but preferably from immortalized B-cells. The variable
regions or CDRs for producing the chimeric immunoglobulins of
the present invention will be similarly derived from monoclonal
antibodies capable of binding tc the human type beta PDGF
35 receptor, and will be produced in any convenient mammalian
source, including, mice, rats, rabbits, or other vertebrate
capable of producing antibodies by well known methods.
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as used herejn, ref errlng to nucl eic acids,

t he ternl"suh%?%ﬁ? EFtPGeHPFF}“ by referenc@les that the sequences of two
nucl ei ¢ aCI ds or In adiEBtimmits e tchiaeriber ant, '\rdmrnmedral |y aligned

0 o o BRGSGn BES TR Bt gl LS MUELERL | depnoer | o7
at | east abosgbStantialiyy idenmticad modidfisd \impunegtobubing can be readily
10 designed and manufactured utilizing various recombinant DNA
techniques well known to those skilled in the art. 1In general,
modifications of the genes may be readily accomplished by a
variety of well-known techniques, such as site-directed
mutagenesis (see, Gillman and Smith, Gene 8:81-97 (1979) and S.
15 Roberts et al., Nature 328:731-734 (1987), both of which are
. incorporated herein by reference).
Alternatively, polypeptide fragments comprising only a
portion of the primary immunoglobulin structure may be

produced. For example, it may be desirable to produce

20 immunoglobulin polypeptide fragments that possess one or more
immunoglobulin activities in addition to, or other than,
antigen recognition (e.g., complement fixation).

Immunoglobulin genes, in whole or in part, may also be
) combined with functional regions from other genes (e.g.,

25 enzymes), or with other molecules such as toxins or labels to
produce fusion proteins (e.g., "immunotoxins") having novel
properties. 1In these cases of gene fusion, the two components
are present within the same polypeptide chain. Alternatively,
the immunoglobulin or fragment thereof may be chemically bonded

30 to the toxin or label by any of a variety of well-known
chemical procedures. For example, when the label or cytotoxic
agent is a protein and the second component is an intact
immunoglobulin, the linkage may be by way of heterobifunctional
cross-linkers, e.g., SPDP, carbodiimide, glutaraldehyde, or the

35 like.

~Suitable labels include, for example, radionuclides,
enzymes, substrates, cofactors, inhibitors, fluorescers,
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Kanehy re éﬂqﬂcﬂ c Acids Res. 12:203 (1984), which is incorporated
hereln 35 fby rererence. Stringent hybridization conditions
will typi caI | y Immunpgpxdnss ainclading singie chainspolgsilgsoumay M
nor e DO YA by recombinant means. Production of varipus

PCr/U892/10359 1 sual l'y I ess
than about BBWMARKINSF Fabl yknewn vikh kBsuart. andzé‘!?‘?'mél FeFRBr BRBur e

condl tions figund,! Viu:r Axampe Jiga*onb8E6nal Antibody-Toxin \Ponfhgates:
oreaFr Ao o MadlS BUELSE S dbloe py o HEBRL SRR At R0aiRs,
i ncl udi ng das€ldomiesl iNedi eiywe, Academic Press, pp. 168-190 (1982);: E.
Vitetta, Science (1987) 238:1098-1104; and G. Winter and C.
Milstein, Nature (1991) 349:293-299; all incorporated herein by
reference.
15 A variety of cytotoxic agents are suitable for use in
immunotoxins. Cytotoxic agents can include radionuclides,
such as Iodine-131, Yttrium=-90, Rhenium-188, and Bismuth-212; a
number of chemotherapeutic drugs, such as vindesine,'
methotrexate, adriamycin, and cisplatinum; and cytotoxic
20 proteins such as ribosomal inhibiting proteins like pokeweed
antiviral protein, Pseudomonas exotoxin A, ricin, diphtheria
toxin, ricin A chain, etc., or an agent active at the cell
surface, such as the phospholipase enzymes (e.g;, phospholipase
C). (See, generally, "Chimeric Toxins," Olsnes and Pihl,
25 Pharmac. Ther., 15:355-381 (1981), and "Monoclonal Antibodies
for Cancer Detection and Therapy," eds. Baldwin and Byers, pp.
159-179, 224-266, Academic Press (1985), both of which are
incorporated herein by reference).
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10 Collection, 12301 Par}y. Lawn Drive, Rockville, Maryland 20231
(ATCC no. HB10938), prior to the filing date of this
application.

The anti-PDGF receptor immunoglobulin polypeptides of

the present invention may be prepared by immunizing an animal
15 with a purified or partially purified extracellular domain of

human .beta-type PDGF receptor. The animals immunized can be

any one- of a variety of species which are capable of

immunologically recognizing epitopes characteristic of the

human type beta PDGF receptor extracellular dchain, such as
20 murine, lagomorph, equine, etc.

Monoclonal antibodies of the invention may be prepared
by immortalizing nucleic acid segquences which encode
immunoglobulin polypeptides or portions thereof that bind
specifically to antigenic determinants characteristic of the

25 extracellular domain of the human type beta PDGF receptor. The
immortalization process can be carried out by hybridoma fusion
techniques, by viral transformation of antibody-producing
lymphocytes, recombinant DNA techniques, or by technigques that
combine cell fusion, viral transformation and/or recombinant

30 DNA methodologies. ' '
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be prepared by a variety of other ways, e.g., using a
. combination of EBV or other viral transformation and hybridoma
fusion techniques. For instance, the hybridomas can be created
15 by fusing stimulated B cells, obtained from a individual
immunized with the PDGF receptor or a portion thereof, with a
mouse/human heterohybrid fusion partner, a variety of which
have been described. See, e.g., U.S. Pat. No. 4,624,921 and
James and Bell, J., Immunol., Meths. 100:5-40 (1987), which are
20 incorporated herein by reference. A mouse/human fusion partner
can be constructed by fusing human lymphocytes stimulated or
transformed by EBV with readily available mouse myeloma lines
such as NS-1 or P3N5-1, in the presence of, e.g., polyethylene
glycol; The hybrid should be suitably drug-marked, which can
25 be accomplished by cultivating the hybrid in increasing
concentrations of the desired drug, such as 6-~thioguanine,
ouabain, or neomycin.
The hybridomas or lymphoblastoid cells which secrete
antibody of interest can be identified by screening culture
30 supernatants for antibody that binds to the type beta PDGF
receptor. More preferably, a screening assay may be employed
to detect those antibodies which inhibit, for example,
PDGF-mediated mitogenesis. Cells which possess the desired
activity are cloned and subcloned in accordance with
35 conventional techniques and monitored until stable,
immortalized lines producing the anti-PDGF receptor monoclonal
antibody of interest are identified. By monoclonal antibody is
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regi éifs of encedeurofiuriam ianti-PRGR qrReeptor ikmunoglobulin polypeptide or
portions thereof that specifically bind to the extracellular
domain of the PDGF receptor by screening a DNA library from
human B cells according to a general protocol as outlined by
Huse et al., Science 246:1275-1281 (1989), incorporated herein

i5 by refergnce, and then cloning and amplifying the sequences

which encode the anti~-PDGF receptor antibodies (or binding
fragment) of the desirad specificity.

The immunoglobulins may then be produced by introducing
an expression vector containing the appropriate immunoglobulin

20 gene, or portion thereof, into an appropriate host cell. The
host cell line is then maintained under conditions suitable for
high level expression of the immunoglobulin nucleotide -
sequences, and, as desired, the collection and purification of
the light chains, heavy chains, light/heavy chain dimers or

25 intact antibodies, binding fragments or other immunoglobulin
forms may follow.

Suitable host cells include microorganisms, but
mammalian or insect tissue cell culture may be preferable for
producing the monoclonal antibody of the present invention

30 (see, E. Winnacker, "From Genes to Clones," VCH Publishers,
N.Y., N.Y. (1987), which is incorporated herein by reference).
A number of suitable host cell lines capable of secreting
intact immunoglobulins have been developed in the art, and
include the Chinese hamster ovary (CHO) cell line, but

35 preferably transformed B-~cells or hybridomas will be used.

Once expressed, the whole antibodies, their dimers,
individual light and heavy chains, or other immunoglobulin
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Monospeci f i 8% Mo gﬁiﬂ %ss af%{f"o"'é' FoTuceficpgenic Press, New fork,
techmanmm Nanrdﬂ&ﬂWoann(ﬂ98&%¢uwhicm aret inebrporated herein by
" Chi nmeric" FF are encoded by i nmunogl obul in genes that have
been genetically qulneered so that the |ight
he immunoglobulin polypeptides produced according to

the present invention may be of the IgG, IgM, IgA or IgD
isotype, and may further be any of the appropriate subclasses

20 thereof, such as, e.g., IgG,, IgG,, IgG,, or IgG,. Using
recombinant DNA techniques, "class-switching" of the isolated
immunoglobulin polypeptides may be readily accomplished. 1In
this.method genes encecding the constant regions which determine
the isetype of the immunoglobulin molecule of interest are

25 replaced by genes encoding a desired isotype or subclass, as
generally described in European patent publication EP 314,161,
incorporated herein by reference. Class-switched
immunoglobulins may also be isolated by selecting cells which
have undergone spontaneous switching using selection methods

30 known in the art.

The administration to humans of immunoglobulin
polypeptides which are substantially non-human may elicit
anti-antibody responses. Thus, it may be desirable to prepare
anti-PDGF receptor immunoglobulin polypeptides of the present

35 invention which are substantially human. By "substantially
human" is meant an antibody or binding fragment thereof
comprised of amino acid sequences which are at least about 50%
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among differe I nuno s 1 n a single specres,
technxques the antigen blndlng reglons of the non-human

antibodies, e.g., the Fab, complementarity determining regions
(CDRs) or hypervariable regions, to human constant regions (Fc)
15 or framework regions as appropriate to produce substantially
. human molecules. Such methods are generally known in the art
and are described in, for example, U.S. 4,816,397, PCT
publication WO 90/07861, and EP publications 173494 and 239400,
wherein each is incorporated herein by reference.

20 The resulting chimeric antibodies or chimeric
immunoglobulin polypeptides that specifically bind to the human
type beta PDGF receptor and thus inhibit binding of PDGF to the
receptor are also within the scope of the preseht invention. A
typical- therapeutic chimeric antibody would be a hybrid protein

25 consisting of the variable (V) or antigen-binding domain from a
mouse immunoglobulin spécific for a human PDGF type beta
receptor antigenic determinant, and the constant (C) or
effector domain from a human immunoglobulin, although domains
from other mammalian species may be used for both variable and

30 constant domains. As used herein, the term "chimeric antibody"
also refers to antibodies coded for by immunoglobulin genes in
which only the complementarity determining regions (CDR's) are
transferred from the immunoglobulin that specifically
recognizes the antigenic determinants, the remainder of the

35 immuncglobulin gene being derived from a human (or other
mammalian, as desired) immunoglobulin gene. This type of
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recognition of the PDGF receptor can then be cloned into a
vector for expression in a host as part of another

15 immunoglobulin molecule or as a fusion protein, e.g., a carrier
molecule which functions to enhance immunogenicity of the
cloned idiotope.

The anti-PDGF receptor immunoglobulin polypeptides of
the invention will generally be used intact, or as immunogenic

20 fragments, such as F , Fab, or F(ab'), fragments. The fragments
may be obtained from antibodies by conventional techniques,
such as by proteolytic digestion of the antibody using, e.qg.,
pepsin or papain, or by recombinant DNA techniques in which a
gene or portion thereof encoding the desired fragment is cloned

25 or synthesized, and expressed in a variety of hosts.

Those skilled in the art will realize that "anti-
idiotypic" antibodies can be produced by using a specific
immunoglobulin as an immunogen in accordance with standard
techniques. For example, infection or immunization with a PDGF

30 receptor polypeptide, or fragment thereof, induces a
neutralizing immunoglobulin, which has on its Fab variable
region combining site an image of the PDGF teceptbr polypeptide
that is unique to that particular immunoglobulin, i.e., an
idiotype. Immunization with such an anti-PDGF-R immunoglobulin

35 induces an anti-idiotype antibody, which has a conformation at
its combining site that mimics the structure of the original
PDGF-R antigen. These anti-idiotype antibodies may therefore
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for exanpl ezofEé PPYShsJ8%e administered to a patient in an amount

sufficient to effectively block cell receptors, and thereby
cure or at least partially arrest the cellular proliferation
and its symptoms and/or complications. An amount adequate to

20 . accomplish this is defined as "therapeutically effective dose."
Amounts effective for this use will depend on, e.g., the nature
of the anti-PDGF receptor immunoglobulin polypeptidé
composition, the manner of administration, the stage and
severity of the disease being~treated, the weight and general

25 state of health of the patien:, and the judgment of the
prescribing physician, but will generally range from about 0.01
ng/kg to about 100.0 mg/kg of antibody per day, with dosages of
from about 0.1 mg/kg to about 10.0 mg/kg of antibody per day
being more commonly used. It nmust be kept in mind that the

30 anti-PDGF receptor immuncglobulin polypeptide and peptide
compositions derived therefrom may be emplo?ed ih serious
disease states, that is, life-threatening or potentially life
threatening situations. In such cases, it is possible and may
be felt desirable by the treating physician to administer

35 substantial excesses of these compositions. Thus, human
anti-PDGF receptor monoclonal antibodies or substantially human
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established cases of disease, loading doses followed by
maintenance doses will be required.

The pharmaceutical compositions for therapeutic
15 treatment are intended for parenteral, topical, oral or local
administration. Preferably, the pharmaceutical compositions
are administered parenterally, e.g., intravenously,
subcutaneously, intradermally, or intramuscularly. Thus, the
invention provides compositions for parenteral administration
20 which comprise a solution of the anti~-PDGF receptor
immunoglobulin polypeptide dissolved or suspended in an
acceptable carrier, preferably an aqueous carrier. A variety
of aqueous carriers may be used, e.g., water, buffered water,
0.4% saline, 0.3% glycine, hyaluronic acid and the like. These
25 compositions may be sterilized by conventional, well known
sterilization techniques, or may be sterile filtered. The
resulting aqueous solutions may be packaged for use as is, or
lyophilized, the lyophilized preparation being combined with a
sterile solution prior to administration. The compositions may
30 contain pharmaceutically acceptable auxiliary substances as
required to approximate physioclogical conditions, such as pH
adjusting and buffering agents, tonicity adjusting agents,
wetting agents and the like, for example, sodium acetate,
sodium lactate, sodium chloride, potassium chloride, calcium
35 chloride, sorbitan monolaurate, triethanolamine oleate, etc.
The concentration of anti-PDGF receptor immunoglobulin
polypeptides of the invention in the pharmaceutical



toxin, ricin A chain, etc., or an agent active at the cell surface,
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15: 355-381 (1981), and "Mbnocl onal Anti bodigs for Cancer Detection
and Therapy," eds. Baldwi n and Byers, pp. 159- 179, 224-266, Academ c
Press (1985), both of which are incorporated herein by reference).
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I mrunoaf fi ni nmunoas
of an i rmunaj:lemdle Ringgptpt sokubionheand 1°0pm659|ft antieRDGH recehtor
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t()trThtypeparenterally administrable compounds will be known or apparent

to those skilled in the art and are described in more detail in
for example, Remington's Pharmaceutical Science, 17th ed., Mack
Publishing Company, Easton, PA (1985), which is incorporated
herein by reference.

1s - The anti-PDGF receptor immunoglobulin polypeptides and

. fragments thereof can also be administered via liposomes. The

anti-PDGF receptor imwmunoglobulin polypeptides can serve to
target the liposomes to particular tissues or cells displaying
the human type beta PDGF receptor. Liposomes include

20 emulsions, foams, micelles, insoluble monolayers, liquid
crystals, phospholipid dispersions, lamellar layers and the
like. 1In these preparations the immunoglobulin polypeptide or
fragment to be delivered is incorporated as part of the
liposome, alone or in conjunction with a molecule which is, for

25 example, toxic to the target cells. A liposome suspension
containing an immunoglocbulin polypeptide can be administered
intravenously, locally, topically, etc. in 'a dose which varies
according to, inter glig, the manner of administration, the
peptide being delivered, and the stage of disease being

30 treated.

For solid compositions of the anti-PDGF receptor
immunoglobulin polypeptides of the invention, conventional
nontoxic solid carriers may be used which include, for example,
pharmaceutical grades of mannitol, lactose, starch, magnesium

35 stearate, sodium saccharin, talcum, cellulocse, glucose,
sucrose, magnesium carbonate, and the like. For oral
administration, a pharmaceutically acceptable nontoxic
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i mort al | zath dabksloda A cawbatanger thatopromidesa #iskestabls signal by any
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| ynmphocyt es, reconbi nant DNA, techni"ques,, or by techn)

combi K@~ cel IThe imppnqglebul innprdyReptides, 9t the.d FE&E"SﬁhemsE$MFS may
met hodol ogi ¢se directly 1¥b&3ed080A1ternatively, unlabeled antibodies

PCT/USQZ/lO&SQluded in the invention may be useg'zn combination with other
antibodies (second antibodies) that are labelled and that
recognize the anti-PDGF receptor immunoglobulin polypeptides of

15 the present invention. For example, labelled antibodies
specific for the constant regions of the anti-PDGF receptor
immunoglobulin polypeptides may be used toc detect the
immunogiobulin polypeptide bound to a sampie.

’ A wide variety of labels may be employed, such as

20 radionuclides, fluors, enzymes, enzyne substrates, enzyme
cofactors, enzyme inhibitors, ligands (particularly haptens),
etc. Numerous types of immunoassays are available and are well
known to those skilled in the art.

The anti-PDGF receptor immuncglobulin polypeptides, and

25 fragments thereof, of the present invention may be used in
various immunoassays for detecting PDGF receptor in
physiological specimens. Such immunoassay methods may include
liquid phase immunoassays and Western blot analysis,
competitive and noncompetitive protein binding assays,

30 enzyme~linked immunosorbant assays'(ELISA), an others commonly
used and widely described in scientific and patent literature,
and many employed commercially. |

Such immunoglobulins and peptides may likewise be
employed in immunohistochemical staining techniques by methods

35 well known in the art. ' _

The following example is offered by way of illustration
and not limitation. |




According to one aspect of the invention, cells produci ng human

anti - PDGF recept or nonocl onal anti bodies are I mortalize
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| ynph .nodes, tonsils, etc. of patients, preferably those I muni zed
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EBV according to met hods such as those described in U S. Patent No.

4, 464, 465, and Chan et al., J. | mkiZX3MPLEZ6: 106 (1986), which are 10
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. 20, 2,2! Azino—bis(3-ethy1benzth1azollne)-6-su1phonic acid
(ABTS), and hydrogen yeroxide were from Sigma. Goat anti-mouse
peroxidase and hypoxanthine-thiamine (HT) were from Boehringer
Mannheim. Gelatin, unstained protein molecular weight markers
20 and nitrocellulose were from BioRad. Prestained high molecular
weight protein markers were from BRL. Protein A sepharose
CL4B, Protein G sepharose CL4B, Immunopure™ binding buffer,
F(ab')z
PD10 co;umns were from Pharmacia.

and Fab preparation kits.were from Pierce. Prepacked

1257_protein A and

25 Mc-molecular weight markers were from Amersham.
1251-diiodo-Bolton-Hunter reagent was from New England Nuclear.
Methanol was from Burdick-Jackson. Tissue culture supplies
were from Costar. AGO01523B cells were obtained from ATCC. HRS5
cells were kindly provided by J.A. Escobedo (UCSF). Primary

30 baboon brachial artery smooth muscle cells were generously

provided by J. Anderson and S. Hanson (Emory Univ.).

Methods
. Cell culture. NIH 3T3 cells were routinely maintained
35 in DMEM containing 10% fetal calf serum, 1X penicillin-

streptomycin, 2 mM glutamine, and sodium pyruvate (0.11 mg/ml).
' CHO cells expressing the extracellular domain (pAl-5) or the
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beta receptor cDNA was performed by oligonucleotide-directed
deletion mutagenesis. Oligonucleotide~directed in vitro
mutagenesis was performed according to a modified method of
15 Kunkel et al. (1987) Meth. Enzymol. 154: 367-382, which is
incorporated herein by reference). Initially a 3.9 kb
' ECORI-HindIII cDNA fragment of the entire coding region of the
human PDGF beta receptor (residues =32 to 499) was subcloned
into the EcoRI and HindIII sites of ml3mpl8 generating vector
20 mpl8PR (Maniatis, T. et al. (1982) Molecular Cloning: A
' Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY, which is incorporated herein by reference).
Oligonucleotides were designed to delete the portions
of the:human PDGF beta receptor cDNA that code for amino acids
25 499-1074 (PRAl; GTG TGA GGA ACG GGA AAT TCA TCG AAG GAC ATC CCC
CGAC), or amino acids 384~1074 (PRA2:; GGA AGG TCG ATG TCT AGT
TAA TCG AAG GAC ATC CCC CGAC) (Fig 1.). A stop codon was
introduced after residue 499 (PRAl) or residue 384 (PRA2).
Verification of subcloning was performed by restriction enzyme
30 digestion analysis and dideoxy chain termination sequencing
(Sanger, ‘F. et al. (1977) Proc. Natl. Acad. Sci. USA, 74:
5463-5467, which is incorporated herein by reference).
The modified PDGF beta receptor polypeptides were
. subcloned into the EcoRI and HindIII sites of the expression
35 vector PBJ1 (Lin, A. et al. (1990) Science 249: 677-679, which
is incorporated herein by reference) and cotransfected with
vector pSV2Neo (Southern, P.J. and Berg, P. (1982) J. Mol.
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i mmunogl obul polyclonal serifd 9XH (B¢H-5, see Fig 1) raised against a
PCT/USQZ/lOBégnthetic peptide based on human PDGFZQeceptor residues 51-68
(SVLTLTNLTGLDTGEYFC SEQ ID NO:3). Recombinant clones pAl-5
(expressing full-length extracellular PDGF receptor) and pA2-7
i5 (expressing domains 1~4 of the extracellular PDGF receptor)
were used for subsequent protein production.
Preparation of MAbs against human PDGF beta receptor.
Antibodies were developed as described by Harlow and Lane
(1988, In Antibodies: A Laboratory Manual, Cold Spring Harbor
20 Laboratory, Cold Spring Harbor, NY, which is incorporated
' herein by reference). Mice were immunised with partially
purified extracellular domain of PDGF beta receptor (pAl-S)
using 50-100 ug/immunisation). The titre of antibody in the
immunised mice was determined using an enzyme-linked
25 immunosorbent assay (ELISA),-as'follows. 96-well Immunolon II
microtitre plates were coated overnight at 4°C with partially
purified (10-15%) extracellular domain of PDGF beta receptor
(200-300 ng/well). The remaining manipulations were conducted
at room temperature. The wells were blocked with 0.05 M Tris,
30 pH 7 containing 100 mM NaCl and 0.5% gelatin for 1 hour.
Plates were incubated for 2 hours with various dilutions of
mouse sera, washed 5X with wash buffer (0.05 M Tris, pH7, 100
mM NaCl and 0.3% gelatin) and incubated with goat anti-mouse
peroxidase (1:1000 in wash buffer) for 1 hour. Plates were
35 washed as previously described and developed with
2,2'—Azinb-bis(3ethylbehzthiazoline)6-sulphonic acid (ABTS, 1
mg/ml) in 0.1 M citric acid, 0.1 M dibasic sodium phosphate, pH
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art. on Protein A sepharose CL4B as follows. Ascites fluid was
diluted 1:5 in Immunopure™ binding buffer (Pierce) and
chromatographed over a Protein A sepharose CL4B column
equilibrated in the same buffer. The flow through was

20 collected and the column was washed with Immunopure binding

' buffer (10 column volumes). The bound IgGs were eluted with
0.1 M glycine, pH 2.8, and collected in tubes containing 2 M
Tris, .pH 11 (40 ul/ml) as neutralising agent. The peak protein
fractions were detected by measuring the absorbence at 280 nm,

25 pooled and dialysed in PBS (2 changes of 4 L each).

' Preparation of MAb 2A1E2 F(ab'), and Fab Proteolytic
Fragments. F(ab')2 fragments of MAb 2A1E2 were prepared from
intact MAb using the Immunopure F(ab'), preparation kit
(Pierce) according to the manufacturer's instructions.

30 Monoclonal antibody 2A1E2 was incubated with immobilised pepsin
for 4 hours at 37°C at PH 4.2, and the uncleaved IgG and Fc
fragments were separated from the F(ab'), fragments using
Protein A sepharose CL4B. Fab fragments were similarly
prepared using the Pierce Immunopure Fab preparation kit. The

35 IgG was iricubated with immobilised papain for 5 hours at 37°C
at pH 7, and undigested IgG and Fc fragments were removed using
Protein A. The samples were analysed by SDS-PAGE after
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ot oco™, LA LhrdBkThT BpIORheH Bt recedSEYeRL DIRGLITLAN 00 12
appr opri at eouffer odoptainingait gl spdium orthovanadate and 1 mM PMSF, and
incubated with the MAb for 8-12 hours at 4°C. Then the samples
were incubated with a 50% slurry of a 1:1 mixture of Protein
15 A-Sepharose CL4B and Protein G-sepharose CL4B (50-100
pl/sample). After 1-2 hours at 4°C, the resin was washed by 3
cycles of centrifugation and resuspension in IP buffer, and
finally the resin was boiled in Laemmli sample éolubilising
buffer (50-100 ugl/sample) (1970, Nature 227: 680-685, which is
20 incorporated herein by reference). The samples were subjected
to SDS-PAGE on a 7% or 10% Laemmli gel, and then transferred to
nitrocellulose. The western blot was blocked in blocking
buffer (0.05 M Tris, pH 8 containing 0.5% NaCl and 4% BSA), and
incubated with the primary antibody for 12 hours at 4°C. The
25 nitrocellulose was washed with blocking buffer and incubated
with %°I-Protein A (0.4 mCi/ml) for 1-2 hours at room temp and
exposed to X-ray film.
Radioiodination of PDGF BB. PDGF BB was iodinated by a
modification of the Bolton-Hunter procedure described by Duan
30 et al. (1991, J. Biol. Chem. 266: 413-418, which is
incorporated herein by reference). Briefly, 1257.diiodo
Bolton-Hunter reagent (1 mCi) was dried under nitrogen. Then,
PDGF BB (2.5 ug) was added to the '*I-diiodo Bolton=-Hunter
reagent in 10 pl of 0.1 M sodium borate (pH 8.5), for 15 min at
35 4°C. The reaction mixture was quenched with 500 pl of 0.1 M
sodium borate, 0.2 M glycine, pH 8.5, for 10 min at 4°C. This
material was subjected to gel filtration chromatography on a
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'S reterred (ROETRATHEAE PARAIn)  of 200 201d Soggs up EORETRL® rilE S
i munogl obul 3nd geaerbernprotedn {plasedet poor plasma, 50 pl) for 45 min at
) room temp. The final volume of the incubation was 500 gl. The
- 15 incubation mixture (400 ul) was layered on Ficoll-paque (700
pl) and centrifuged. The supernatant was removed and the
radiocactivity in the cell pellet was determined.
Phosphorylation Assay. HRS5 cells were grown to
' confluence in 6-well dishes and primary cells were cultured in
20 100 mm dishes. Cells were washed twice with cold serum-free
DMEM, and incubated on ice for 10 min. Cells were preincubated
in duplicate with MAb 2A1E2 for 30-45 min on ice on a rotary
shaker, and then ligand PDGF BB was added to the wells and the
incubation was continued for 1.5-2 hours. Cells were washed
25 twice with cold PBS and solubilised in either Lysis Buffer (100
_ mM Tris, pH8, 30 mM sodium pyrophosphate, 50 mM sodium
fluoride, S mM EDTA, 5 mM EGTA, 1% SDS, 100 mM DTT), or in IP
buffer, both containing 1 mM PMSF and 1 gM sodium
orthovanadate. Samples were then processed further prior to
30 electrophoresis. ' _
Mitogenesis in human foreskin fibroblast AG01523B cells
and baboon smooth muscle cells. Human foreskin fibroblast
AGO01523B cells and baboon smooth muscle cells were gown to
confluence in 96-well dishes. Baboon smooth muscle cells were
35 quiesced by incubating overnight with DMEM containing 0.5% calf
: serum. Cells were then incubated in triplicate with various
concentrations of MAb 2Al1E2 in the presence of PDGF BB for 18
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was terminated by dilucion in quench buffer (0.025 M Tris, pH
7.4, containing 150 mM NaCl; 10 ml/plate). Cells were
extracted for 20 min at 4°C in IP buffer containing 1lmM PMSF

20 and 100 ugM sodium orthovanadate (0.5 ml/plate). Cell lysates
were immunoprecipitated overnight at 4°C using polyclonal anti-
human beta receptor Ab (AB88, 1:500 dilution). Then, Protein A
CL4B (60 ul of a 50% slurry) was -added to each sample. After 1
hour at 4°C, beads were washed serially with PBS containing

25 0.5% NP40, 0.5 M lithium chloride containing 0.5% NP40, 0.5 M
lithium chloride, and finally with water. Samples were
solubilised with Laemmli sample solubilising buffer, and
subjected to SDS-polyacrylamide gel electrophoresis on a 3%-8%
gradient gel, followed by Western transfer to nitrocellulose.

30 Western blots were either incubated with antiphosphotyrosine
MAb (1:1000), or with Ab88 (1:500 dilution) overnight at 4°C,
followed by 1257_protein A (0.15 uCi/ml) for 2 hours at room
temp. Western blots were then exposed to X-ray filn.

35 Results _ :
Properties of MAb 2A1E2. MAb 2AlE2 is an IgG,
monoclonal antibody. Western analysis shows that MAb 2A1E2
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PDGF- nedi at ed ful-ar prol ‘iferation disorder.” In t her apeuti
applléatlonspnGF beta KBEePEOSns are adninistered to a patient in an amount

sufficient to effectpogd-a eﬁaeﬁelinnessaiahSofaﬁﬁFﬁJmmbma binding et8' HRS
at | east partlfilybgrﬁggt h %z?e" Iaréﬁgﬂ (Eﬂc-x cells which express
the full length human PDGF beta receptor) are incubated first
with MAb 2A1E2 followed by ‘?*I-PDGF BB, significant (48.1%)
15 inhibition is observed at a concentration as low as 0.1 nM MAb,
compared to cells not treated with MAb 2A1E2. When 1 nM or
~ greater concentrations of MAb 2A1E2 are used, there is 100%
inhibition of ligand binding to the full-length PDGF beta
receptor on the cells (Fig 3, Panel A). When 200 nM of a
20 different, nonQinhibitary MAb (4C5C8) to PDGF beta receptor is
used in the preincubation, the amount of inhibition is only
36.1%. This is comparable to the effect of 200 nM of a
non-relevant MAb (anti-IIb/IIIa) (19.18% inhibition). The
amount. of !?°I-pPDGF BB binding in the presence of 1 nM MAb 2A1E2
25 is equivalent to the amount of ligand binding seen in the
presence of 1500-fold excess of unlabelled PDGF BB (Fig. 3,
Panel A), or the amount of binding of iigand to non-transfected
CHO cells that do not express a human PDGF receptor (data not
shown). | .
30 To determine if the inhibition seen with MAb 2A1E2 was
due to steric hindrance, we prepared F(ab'), and Fab fragments
of the MAb. These proteolytic fragments of the antibody still
recognised the PDGF beta receptor in ELISA (data not shown),
though their activity was diminished slightly. When these were
35 used in the radiolabelled ligand binding assay, we found that
the antibody fragments still inhibited binding of ?I-PDGF BB
" to the full-length PDGF beta receptor on HR5 cells in a
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acconpl i shwidosy1gsesdef i ned as "therapeutically effective dose. PCT/US92/10359

Amounts effective for this use will depend &% e.g., the nature of
the anti-PDGF receptor inmmunogl obulin polypeptide conposition, the
manner of adm nistration, the stage and severity of the disease being
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situations. such_c Jt 1S ssifhle sir bIe
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conposi ti onsin Figis4, MARN2A1E2 spebifﬁaﬂlyeammlmmandmd:ebodl es

IgEJT/S Bg;;?%ggébmfation in HRg\chﬁ.éOg(ASa conceﬁ:ration—dea%?xlu}%
recept®r nomagineml eikthbagproxdhatedyi AP&ntinddibdtdon occummingrateared
under these SifBLAEL68 of 1.3 nt (Lanl B9) &rdl BHY | plPiAcel Oh sbEshiRERg
of the conpositions can be carried ouf wth dose |evels and paftern
bei ng sel ect3dd 13.3 nM MAb 2A1E2 (Lane 5). Control nonrelevant
(anti-IIb/IIIa) had no effect (Lane 3) and MAb 4C5C8, which was
also developed against the human PDGF beta receptor but
15 recognises a different epitope, had no effect on ligand-induced
phosphorylation (Lane 8).
Effect of MAb 2A1E2 on PDGF BB Induced Dimerisation of
the Human PDGF beta Receptor. Treatment of HRS cells with PDGF
BB results in ligand-mediated phosphorylation (Fig 5, 180 KDa
. 20 protein in lanes 1-6) and dimerisation (Fig 5, 390 KDa protein
in lanes 2 and 6) of the PDGF beta receptor. When-HRs cells
are first preincubated with MAb 2A1E2 and then with PDGF BB,
dimerisation was inhibited at all the tested concentrations
(Fig 5, Lanes 3, 4 and 5). This data indicates that binding of
25 ~MAb 2A1E2 on the receptor excludes ligand binding and receptor
dimerisation. |
Inhibition of Mitogenesis by MAb 2A1E2. As shown in Fig
6, MAb 2A1E2 inhibits PDGF BB-induced mitogenesis in human
foreskin fibroblast AGO1523B cells in a concentration-dependent
30 manner, with maximum inhibition (69.55%) occurring at a
concentration of 1.3 uM. When a non-inhibitory MAb, 4C5C8, was
used, we did not detect significant inhibition of mitogenesis.
Increasing the concentration of MAb 2A1E2 did not improve the
degree of inhibition, primarily because these cells also
35 express PDGF alpha receptor (data not shown) which is not bound
or inhibited by 2AlE2.
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type beta PDGF receptor at nanomolar concentrations, and thus
inhibits receptor activation as indicated by inhibition of
ligand-mediated phosphorylation and dimerisation. The antibody

20 inhibits mitogenesis in vitro at micromolar concentrations.
' The proteolytic fragments of the MAb retain inhibitory
function, as measured by the inhibition of '**I-PDGF BB blnding
(Fig .3A). MAb 2A1E2 appears to recocgnise an ep;tope in the
fifth Ig-like domain of the PDGF beta receptor (Fig 2), and
25 binding to this domain appears to prevent dimerisation of the
receptor (Fig S). There is a specific and significant
inhibition of ligand-induced autophosphorylation of the PDGF
beta receptor (Fig 4), at concentrations as low as 1.3 nM MAb
2A1E2. COnSequently, we have found complete inhibition of PDGF
30 induced mitogenesis in HR5 cells (data not shown) at 0.1 gM MAb
2A1E2, and in human foreskin fibroblast cells (AGO1523B) 70%
inhibition is achieved at 1 ugM MAb 2A1E2 concentration.
MAb 2AlE2 was also tested for cross-reactivity with
smooth muscle cells from baboon brachial artery. PDGF
35 BB-induced phosphorylation (Fig 7) and mitogenesis (Fig 8) was
inhibited up to 80% by 20-25 nM MAb 2A1E2. Monoclonal antibody
2A1E2 does not cross-react with PDGF receptors from dog, rat,
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t hese prep3ayglgspipses he | nmunogl obul i n pol ggepti de or fra%ﬂtué?/ﬁ%sg
delivered is incorporated as part of the | i posonme, alone or in
conjunction with a nol ecule which is, for 25 exanple, toxic to the
target cells. A |liposone suspension Wl | nogl obul i n

pol ypepti de can be adm ni stered I nt r&%&@g%n‘g;%gﬁ*‘ggu topically,
etc. in a dose which varies according to, inter alia, the manner of

adm ni strati,on, i ei ng delivered, and the stage of disease
(??egF§§3AL INFSHAFON:

bei ng 30 For solid conpositions of the anti-PDGF

recept or i n li't]l!ilﬁl"p J ﬁﬁ,& f . iyvention, conventional
nontoxi c solid car igrgsbi'may € %ﬁ%ﬁﬁ& ﬂgﬂiﬁlﬁﬁ%r exanpl e, _
retttd

phar maceuti cal grades of mannit q‘s%, FI ch, magnesi um 35

stearate, sodium saccharin, talcum cellul'ose, glucose, sucrose,
magnesi um car bon3a4e, ap | b¥e. TRVERTEON: InREBIebs{r at] ;
phar maceut i pah_yge%&iagrsgg%ge nont oxi ¢ 2 WO 93/ 1080 tfifun8globulin
PCT/ US92/ 10359 to Human PDGF Beta Receptd¥ conposition is
formed by incorporating any of the normally enpl oyed exci pi ents, such
as those carri ¢idiipr NOMBEH \OF ISEQGUENCES: 3 and general |y 10-95% of active
ingredient, that is, one or nore anti - PDGF receptor imunogl obulin

pol ypepti des, afdv)yoCORRESPONDENCEHDDRESS: concentration of 25% 75%
For diagnostic purposqd) ADDRESSEE D@owrexend cand Townsend
(B) STREET: One Market Plaza, Steuart Tower, Suite 2000
(C) CITY: San Francisco
(D) STATE: California
(E) COUNTRY: USA
(F) 2IP: 94105

(v) COMPUTER READABLE FORM: |
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25
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(B) FILING DATE: 02-DEC-1991
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(B) TELEFAX: 415-326-~2422



i mrunogl obul i n pol ypeptides may either be |abeled or unlabel ed. -A

| abel is a @bo3Aaeees that provides a detectable signal by any

variety of tecznl ques well known and repo?éed inthe art. 10 Pﬁl]'éU§§2/%359
i mmunogl obul i n pol ypepti des of the invention thensel ves may be
directly Iabeled Al ternatively, unlabeled anti bodi es included in the

i nvention lﬂﬁﬁgﬂ. a Ny i t.her anti bodi es (second
antlbodles) t are g%?ﬁggbgnﬁh@h & recogni ze the anti - PDGF
receptor |nnunoglppyl E§ .the present invention. For

exanpl e, | abelled antlgﬁgﬁk p s the constant regions of the
anti - PDG- recept or ﬁﬁNGTH' 4% %%gg eptldes may be used to detect
t he i mrunogl obul e) % BEb séo n%qea sanmple. . A wide
variety of |abels may eHOPOLOBY : SUGhedsr radi onucl i des, fluors,
enzynes, enzyne substrates, enzyne cofactors, enzyne inhibitors,

| i gands (particut{ii) YMOBRCUDE) TYPE: DNl gedomiicius types of inmmunoassays
are avail able and are wel | known to those skilled in the art.

The anti-PDGF receptor i mrunogl obulin polypeptides, and 25 fragnents

t hereof, of the present invention may be used in vari ous i mrunoassays
for detecting PDCELY cSEQUENCENDESCRIPIIVMN:0/SBR & NQxeli nens. Such

i mmunoassay net hods nmay i ncl ude | i qui d phase i mmunoassays and Western
bl ot anal ysi@IGTGAGGAR 0ARGCARATE Ca AT CCAACGAS- tATCCRCEEAT ei n bi ndi ng assays,
30 enzyne- | i nked4® mmunosor bant assays (ELI SA), an others comonly

used and widely described in scientific and patent literature, and
many enpl oyed commrerci al l'y. Such i mmunogl obul i ns and pepti des
may |ikew se be enpl oyed in i mmunchi st ochem cal staining techniques
by met hods 35 wel |l known in the art. The foll ow ng exanpl e
is offered by way of illustration and not |limtation.



WD 93/ 10805 . PCT/ US92/ | G359

28 WO 93/10805 FXAVPLE ~ Mat eri al BCT/US92/10359
PDG- BB was purchased from Angen. Anti-phosphotyrosine 5 nonocl onal

anti body (MAb) PY20 was purchased fromICl. DVEM RPM 1640, F12,
calf serum penicillin- st reptonycin sol ution, (418- Neonyci n, 200 mN

gl ut am ne, H o EOH . ng/ M), and phosphate

buf fered sal %1 Eﬁgé Were romlggdeééjﬂo 2: Fetal calf serum (FCS). and the
nmonocl onal anti beg cHARACTER c§tom Hyclone. Tris, sodium
phosphat e, sodi u?n gor @y 1. CE) ENGTH 2CHé |Ea§§?f ip8di um pyr ophosphat e, sodium

fl dori de, di thi qtmrqlgtpg (ddleictdyi@nedi am ne tetraacetic acid

( EDTA)., EGTA, sqai)usdedeyedNEsSS PheinglieDS)., sodi um ort hovanadat e,
sodi um chl ori de (Nad )(p)cmopox_.omm lieay! net hyl sul phonyl .15 fluoride
(PMSF), bovine serum al bumn (BSA), Triton X100, Tween 20, 2,2

Azi no- bi s( 3- et hYlid9 nMOLECULE "EYPE: DNphOgenomic) (ABTS), and

hydr ogen peroxi de were from Sigma. Goat anti-nouse per oxi dase and
hypoxant hi ne-t hi am ne (HT) were from Boehri nger Mannhei m Cel ati n,
unst ai ned protein nol ecul ar wei ght markers 20 and nitrocel |l ul ose were

from Bi oRad.  P&d{)aiSEQUENGE DESCRIFPEION: SEQWEPgNO:gkotein markers were

fromBRL. Protein A sepharose
GGAAGGTCGA TGTCTAGTTA A’I’CGAAGGAC ATCCCC

36



CL4B, Protein G sepharose CL4B, | munopure" binding buffer,
F(ab')[err]._and Fab_preparation kits.were from Pi erce. Prepacked

_ PD10
col ums wer¥Or36HIsBRar nuci a. [err]l-Pr ogfi n A and 25 [ er rﬁ@’ﬁ%ﬁ%@&lﬁ?

wei ght markers were from Aner sham err]l-diiodo-Bolton-Hunter

reagent was from New Engl and Nucl ear. Met hanol was from
Bur di ck- Jackson. Tissue culture supgl i es were from Costar. AQD1523B
cell's were Obt ofNEQRMATEOMTEOR BR@ ID NO:3é||s were kindly provided by J. A

Escobedo (UCSF). Prinar aboon brachial artery smooth nuscle cells

30 b
were generously (1) S?ﬁ%?ﬁe&%??%ﬁ???% and 'S. Hanson (Enory Univ.).

Met hods ' IFEgﬁWElré.a ARLNSTACLES s were routinely maintai ned
35  in DMEM cont ai nf e ngié"erhl.m 1X penicillin-

streptomycin, 2 nM gl F‘g NESGF ufitPPiBvate (0.11 no/n). CHO
cell's expressing the r S0BP ¢ &O6REPR (p[err]1-5) or the - ' WO
93/ 10805 s s . . . PCT/ US92/ 10359

29 full ('.f’le%g]{i%LBB&EbgggEr' eggBF%‘rie( HR5) were cultured in RPM

contai ning 10% FCS, 1X penicillin-streptonycin, 2 mM gl utam ne,
sodi um pyruvate (0. 11 ng/m ) and (418 (200 [err]g/m ). Hunman

foreskin fibrobag) ghbentACHRERRBLTYENE SHh! ¥DPEia:R :DVEM

Ser Val Leu Thr Leu Thr Asn Leu Thr Gly Leu Asp Thr Gly Glu
TYr . -
1 5 10 15

Phe Cys



5 contai ning 10% FCS, 1x penicillin-streptonycin, 2 nmM gl utam ne,

and sodi umypy @gyﬂ§85(0 11 ng/m ). . Monoclonal hybridoma cells per/uso8if3se
mai nt ai ned 1 n DVE: RPM  cont ai ni ng 20%4$CS, 1X

penicillin-streptonycin, 2 nMglutamne, sodiumpyruvate (0.1  ng/m),
1X HT, and 10% macrophage-condi tioned nedium 10
Truncat ed Human PDGF b%Ea recept or- expressing cell |I “Wmmm "’

of the human teptor cDNA was perforned by *
ol i gonucl eoti de-directed del eti on nut agenesi s.

A igonucl eotide-diregted {n_vitr StS ' ged accordlng
to~-a nodified met hod df 1 subﬁ&%ﬂéia&%%% %ﬂgﬂﬁgﬁn 154:

367 382, whi pbl’ypeptide ithat pspecifitallynbbndseter dhec)fifith (Ig+like doflain

huma I§DGIE beta receptor (rem%gg‘sagi%gé%ée gg?i'véﬁ %b{&n;%g%%eégﬁt?ﬁ

EcoRl and H f@PPGFsiR)es wiiereinppindingrafi fhey polyPert-ide hasgmone or more

(Mani atis, Tgogekpal fo(lhw,)né/bégfgéeg. Coning: A Laboratory Manual .
Col d Spring Harbor Laboratory, ' NY, .which is

Col.d .Spring Har bor
i ncorporated herein by re érenéﬂ?i%i€i°“ of PDGF (BB B8R ABebinddng, & the
desi gned to @g®perFe-R:he portions of t he human PDGF beta receptor cDNA
that code for ami no acids, . P AAT TCA
TCG GAC ATC CCC %ZAC) '&"31% %ghngﬁﬁ% GGA AGG
TCG ATG TCT pbbsphorylbtidtc AAG GAC ATC CCC CGAC) (FFig1.). A st op codon
was I ntroduced after Si ) 3 ]
Verification of subcloning W§S igg‘ or mﬁ@rpe P c |§#Sgn§inn‘é%§%%€1°@ of
di gesti on an&#PP&FsRend di deoxy chain ternmination sequencing ( Sanger,
F. et al. (1977) Proc. qzi.g, -ind 633 S
I ncor por ated herein by re?'erenc ibitioYr Ficr hn ucga g@g&_ﬁ%é%f
recept®? pol Ffd}S AdSRIA¥ing humep,PBREIRINESY he EcoRl and Hindl Il sites
of the expression 35 vegt or iFhibitidh Jf PHGALinGhERH) chemtekiz%nd

677-679, whi %q.gration of cells displaying ﬁPDGF"R-

. 2. An immunoglobulin polypeptide of claim 1, wherein
20 the polypeptide is a monoclonal antibody.

3. An imunoglohulln polypeptide of claim 2, wherein
the monoclonal antibody is antibody 2Al1E2.

25 4. A substantially purified polypeptide having an
amino acid sequence substantially identical to a sequence of a
complementarity determining region of an immunoglobulin
polypeptide of claim 1.

30 5. An imunoglobﬁlin polypeptide of claim 1, wherein
the polypeptide is linked to a detectable label.

6. An immunoglobulin polypeptide of claim 1, wherein

the polypeptide is chimeric. . -
35 ' .
’ 7. A substantially purified immunoglobulin

polypeptide that specifically recognizes an epitope which lies
o e

i



I s 1 ncorporated her?ﬁTTTiV_FEFEFeEEe;—;ed cotransfected with vector
pSV2Neo ( Sout hern (1982) J Mol .
PCT/ US92/ M@93/10805 ‘i m‘“ m “I\l \ﬂ“\ 30 %’%ﬁ’%’

1: 327-341, which is uncgrperdted hérein reference) at a ratio of
1:10 into CHO K1 cells by the method of | i pofectin reagent upt ake
(Felgner, P.L. et al. (1987) Proc. Nat|. Acad. Sci, USA 8

7413- 7417, \etwees mtnppécaﬂea’e§lduel$er3§5d'4®9 ref e?’%‘ﬁc%)manTFm &qtady POGF
cell's were sglegGhedyf or (418- neonyci n resistance, and individua

cl ones were 1s0 ted and screened at equal cell density for high

| evel expression of . extracel lul ar PDGF beta receptor in serumfree

mgdi um Expr egasi on ;ch% Miéhedog?tﬁ.sd.ﬁlgl & aorida¥orel aantibpler or
1 roteln s et erm ne rn bl.of_ana [

pol ycl 8nal Apfraguentg ‘i #%s ﬁgﬂﬁ er f%%tg%cr
peptide baseﬂe huﬁanwﬁh')eﬁ amy raaslfmg;nsntasnhmits in me bmdmg
(SVLTLTNLTGL QLD qﬁig%mpt clones p[err]l-

(expressing ?gqﬁagg 85 °EXPSO€§ Eﬂ ar r'eceptor) and p[err]2 7 15
(expressing domains 1-4 of the extracel | ul ar PDGF receptor) wer e used

for subsequent prote n produ idPERARY | @Nsefulhbs
agai nst hunman PDGF beTa rﬁ&q f%bfgted nuck21cbg§ies mereﬂ%eveloggd as

descrlBed bysuhstantiadlyaddentical togs nYGleif| a6 SOUNG, R %EAR y
Manual , Col dj. &gﬁhagle%lmr h PolypdrRi&ioF Ya S2hdiRgr ERGgHRorthdbeoc# )i ch

'S |ncorporat herein binding of the polypeptide or fragment to the fifth Ig-.
like domain-ofi{a human type beta platelet-derived growth factor
receptor (SPDGF-R) has one or more of the following effects:

15 i) inhibition of PDGF BB or AB binding to the

' receptor; o '

ii) inhibition of PDGF-induced BPDGF-R
phosphorylation;

iii) inhibition. of PDGF-induced dimerization of.

20 BPDGF-R; '

iv) inhibition of PDGF-induced mitogenesis of
cells displaying the human SPDGF-R; and
v) inhibition of PDGF-induced chemotaxis and

migration.
25
10. A nucleic acid of claim 9, wherein the nucleic
acid is operably linked to a promoter.
11. A nucleic acid of claim 10, wherein the promoter
30 and the nucleic acid are contained in an expression vector.
12. A cell line transfected, transformed, or infected
with a nucleic acid of claim 9.
35 13. A method of producing a substantially purified

immunoglobulin polypéptide, or binding fragment thereof, which_
specifically binds to che -fifth Ig-like domain of a human type
_ fifth Ig-like domair

T



her ei n by'reference) | sed with partially purified
ext racel | ulWo 93610805 CHL H“mut)tor ‘ [err] 1-5) uRCEYUS92/10059

[err]g/imunisation). ectlmreﬂofsaﬁtlbody n the I mmuni sed m ce was
determ ned using an enzyne-|inked 25 i mmunosor bent assay (ELISA), as
follows. 96-well |nmunolon I mcrotitre plates were coated

over ni ght at pékar POGFWiridtepticy 3(|HBDGF-R) , bitiefetd the b&%dimq rPEthall ar

i pul at | onTRBAESISRAIIL POLYPERtIER 18, e ABhEk-R' Bhd SR (k' hore

bl ocked wi t heffects Helectii frqﬁ4ﬁhexfnkﬂamnggl@&onu.Na@nhmhhﬁhéﬂbof PDGF
e Bl 0 Ohy BB ap pAnaslsi s L Cd DL £ RS L AU B SOl GiSa
pH7, 16D ﬁrm-mauhmmmm i iphibitiooupst PPCH-tindpced aﬁleGmSe
peroxi dase ( &394 Wﬁﬁgeve Opagﬂif dn NOF" PDEFAL RRVMRE mitoged@s{E do

P
previ ously descrlb an

2, 2' - Azi no- heedds: displaning human )ARRGF TRonrBdadnbibigion of PDGFripduged

in 0.1 M cntmmaaada s -alndViili ¥ Lorf Wif UsePI8sais g h - :
93/ 10805 * PC%i ugﬁ 2/%09%'9“ A-PHF; the

31 4 method, SAMRFi8iRYyen peroxide (0.003% final concentration).
The almwrbence at 650 nm ps dgrewdnged, cald tline aomprising a nucleiRafrid

condi 11 oned BEMESIPED FH4 il db it pebveReRigen i e vecior

al one. ii) ' harvesting the immunoglobulin polypeptide.

14. A method of claim 13, wherein the cell line is a
15 hybridoma.

15. A method of claig 14, wherein the hybridoma is
ATCC no. HBl10938.

20 ' 16. A method of claim 13, wherein the immunoglobulin
polypeptide is a monoclonal antibody.

17. A method of treating a human having a
PDGF-mediated disease involving proliferation, migration or
25 chemotaxis of smooth muscle cells, comprising administering to
the patient a therapeutically effective dose of at least one
immunoglohulin polypeptide selected from any one of claims 1,
7, and 8, or fragments of the immunoglobulin polypeptides, and
a pharnaceutically acceptable carrier.
30 _
18. An isolated cell designated as ATCC no. HB10938.

/
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M ce showi ng high reactivity were sacrificed and the spl eens were
i sol ated. Spl enocytes were renoved and fused with nmyel oma cells P3X
as described (Harlow and Lane, op. cit.).’ Hybri domas were screened
using the same ELISA, and positive 10 hybri domas were cl oned and
rescreened. Positive nonocl onal cells were cul t pragiUso2/193s9 t es was
prepared in Balb/c mce as descri bed (Harlow and Lane, op. cit.).

Ti ssue culture nedia was used to sub-type the MAbs, using the
- subtyping kit from HyCl one as ABSTRXC®d by the nmanufacturer. 15
Purification of Antibodies. Antibodies were purified on Protein A
sephar ose CL4BNIHBITORYWEMMUNOGIOBULINI POIYPEPTIDES TOIHUMAN BDGF
| mmunopur e" bi ndi ng buffer (Pier ceBERARRECEPTORhr omat ogr aphed over a
Protein A sepharose CL4B col um equilibrated in the same buffer. The

fl ow t hrough was 20 col | ected and the colum was shed with | nmmunopure
bi ndi ng buf fEie present MvgRion, is|direatsd towards Hamaos\qg@t] h £d with

0.1 Mglycine, pH 2.8, and | ected..in tube. taining 2. Tris, pH
21 (40 ] ot v ] Riak Bpecifically hiat o e Ftrars Uniar adman 93he Bidatlfipe eta PDEF, (1 | o

detected b [ J t bsor: t - .
G o yeod i n Frebos T hindthe ¢ty RRGUBGOGu! péiberhils ©'ipe rodkPlly HhiBRE ||
2A1E2 F(ab' . i . ‘.
fr agn‘en'gg1 012 %ﬁ'ﬁgﬁf gog r%@@%@?/%%f%ﬁroa%l vatFJn%{}ﬁ{%%ted m&#lﬁgr*he
| mmunopur e F&&Q?H?ﬁb%phB@ﬂ%ﬂﬂd%m@ﬁ&aﬁon, and by iriibifion of PDGI-Hiediated he

s Tnstructiodns. 30

manuf act urer’ ( Monocl onal ‘anti body 2A1E2 was i ncubat ed
Wi th i mmobi | ififfgeRAQRS ichemotaxis an@ migrafiot'of calls digpleying thecunn PDGF gypel t he

uncl eaved 1gG and Fc fragnents were separated fromthe F(ab")[err]
fragment s usibe@ receptor dif the eeld sérfacep Nucleieacilsiéhcodiap the mmumiglobudine
simlarly prepared using the Pierce | munopure Fab preparation kit.

The 35 | g Polypeptides abmalsal inoluded iimthebinvéntion. Fhe anmunoglobulimpelypeptides|[ err] C
-at pH 7, and undigested 1gG and Fc fragnments were renoved using
have diagnostic therapeutic uses. .
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Protein A The sanples were anal ysed by SDS- PACE after

93/ 10805 WO 93/10805 - 7 4/6  PCT/US92/ 10350PCT/US2/10389
32 enzymatic digestion, and the PDG- beta receptor ELISA was used
to determine loss, if any, of antigen r%-'g ieliAr@an. _
| mmunopr eci pi tati = i weT e gore Dy d '

nodi fi cation o Ximlmmaﬁk—-& Meth. Enzynol.
73: 442-471, vl i Sy bl or at edl-A88)i n by reference). Wen
purified pA -5 wer e used, t'he protein was incubated wth

MAb for either 2 hglUrs\at r0 '
I mrunopr eci pi t gjet 6'
EDTA, 1 nM E

| munopr eci pi hen cells expréssi ng the PDGF beta receptor were
sol ubi l'i sed m buffer containing 1 [err]M sodi um orthovanadate and
1 mM PVSF, TH i ncubated with the MAb for 8-12 hours at 4C. Then the

15 A- Sephdf ose. 07100

al /sanple). After 2 € resin was washed by 3

cycles of cenirifug “' nd resuspension in |IP buffer, and finally
the resin was Yoiled in Laemili sanple sol ubilising buf f er

(50-100[err]l/Qanple) (1970, Nature 227: 680-685, which is 20
i ncor por at ed heNei mr ef e(/%gof). (‘E%sa |D%S. wer e subj ected

Pa2 (I-384) | FI1G ' /
200

100+

p6 1251-PDGF BB BOUND

T B N

01 oM 2ME2 RN\
200 o ac5H NN
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to SDS-PAGE on a 7% or 10% Laenm i gel, and then transferred to
nitrocel I u 1 western bl ot was bl @ked i n bl ocki ng PO USOR/ 103595
MTris, contarning 0.5% NaCl and 4% BSA), and i ncubated with the

WZ hours at 4C. The 25 nitrocel lul ose was washed
wi th bl ocking %nczated3 4 errfR- Pr o EII‘I&(O4 nCi/nl)
f orThis-SRechBas/BRertH, m te expbsed Yo X-rdy fi

Radl DGF BB. PDG- BB was iodinated by a nodi fication
of t Wim ﬁ er procedure described by Duan 30 et al. (1991, J.

Bi ol . 13-418, which is i ncorporated herein by reference).
Briefly, [err] I -d| I odo _ Bol ;t on-Hunter reagent (1 nCi) was dried under
ni trogen. Then, PDG- BE&E 2.5 [err]g) was added to the [err]l,-diiodo

bor at e (pH 8.5),
nched with 500

Bol t on- Hunt er r eagent
for 15 mn at 35 4 err] C ¥ |
[err]l of 0.1 M - sodi um borate, 0.2 M {

10 [err]l of Q.1
“The reacti on

_ , for 10 mn at
4[erre]C. This mat eri al was subjected” tration
chromat ography on a _ V\D 93/ 10805 . '
PCT/ US92/ 10359 - .33 PD10 col um
previously equilibrated with 0 3 M acetl c acid containing 1 ng/ m
BSA. Peak radiol abel l ed prote€in fractions wer e detected using a ganma
counter. Typically the specific activity of iodinated PDGF BB was

50000 counts/ng. 5 " Bindi ng of [err]|-PDGF BB to intact HR5
cells. HR5 cells -

FIG. 2A.

-—~90 kDa
FIG. 2B

200 —

64 —

45 — |
FIG. 2C.
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wer e. harvested with PBS containing 2 nM EDTA for 20 mn at . 37[err]C
Washed HR5 ce Jgi‘!é? x10[err] cells/100 [err]l) were incubated 'PCI'IUS92/10359

triplicate W,

Bnsion with various concentrations of MAb (o

F(ab')[err] or Fab fragnents) in PBS co :17:] gi ning 0.5% BSA for 30 mn 10

at roomtenp. HRS cells were incubated mnth [err]|-PDGF BB (appr ox.
1 ng/tube) in the absence (total binding) or presence (non-specific
bi ndi ng) of 100-fol d excess unl abel |l ed PDGF BB nd—ea%%%e%—p%e%ekﬂ———

(platel et poor plasma, 50 [err]l) for 45 mn at

. : mSthgetaseene

vol une of the incubation was 500 [err]l. The 15 |ncub

[err]l) was |ayered on Ficoll-paque (700 [err]l) and Iﬂ” he
supernat ant was renoved and the

det er m ned. 80

confluence in 6-well di'shes and primary cells were cultured in 20
dtwice with cold serumfree DVEM and
Cell s were preincubated in duplicate
on ice on a rotary shaker, and then
the wells and the i ncubati on was :
el | s were washed 25 twce with cold PBS and
uf fer (100 mM Tris, pH8, 30 nmM sodi um

di shes. Cell s were washdg

i ncubated on ice for 10
with NAb 2A1E2 for 30-45
| i gand PDGF BB was added
continued for 1.5-2 hour
solubilised in either
pyr ophosphat e, 50 sodi
100 mM DTT), or in

fi nI

radi oactivity in the

Phosphoryl ati on Assay. HRS5 cells were gromn to

100 mm

fluoride, 5 nmM EDTA, 5 nM EGTA, 1% SDS
, both containing 1 MM PVSF and 1 [err] M

NN

sodi um ort hov&adat ’V S were then processed further prior to 30
el ectrophoresi s. o \ Bﬂ ogenesi s in human foreskin fibrobl ast
AGD1523B cel l's &aand | '5 pot h nmuscle cells. Human foreskin

fibrobl ast AGEE 52, 4hd baboon snooth nuscle cells were gown to

R

confl uence in 96-we
gui esced by i ncubatilg ov
serum Cells were t&n in

apoon. snmoot h nuscle cells were 35
i th DVEM cont ai ni 0.5%cal f
ntriplicate with rious
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concentrations of MAb 2A1E2 in the presence of PDGF BB for 18

WD 93/-10805 PCT/ US92/ 10359

34 Q 37[err]C, followed by 5 hours at 37 C with,

[err] C /vve\vb%{{?m% [err]Hthym di ne. Control baboon pri rrarr}&mqg%“ossg
muscle cells were i ncubated in parddiflel with a non-specific MAb and
contr ol AR)1523B cell s were incubated wi_th a non-inhibitory anti-PDG-
5 beta receptor Mah (425C8B el 1§ vebe then Sash& with ice-

cold 5% TCA (2 x 250 [err]l), and solubilized with 0.25 N NaOH (2 X

100 [err]l). The sol ubil jgged sa les were transferred to

scintillation vials ang '
D nerisation Assay.
above in 100 nm di shes
i ncubated with various cg
BSA (1.5 ny and 25
added to thgﬁyglls aj
4[err]C. Cells were :
mn at 4[err]C wth cros 75 ng/ plate) in PBS
contai ning 25 mM Hepes. mnated by dilution in
quench buffer (0.025 M Tri ;i 150 nM Nad ; 10

m /pl ate). s were .. ® ®Alerr]Cin | P buffer
contai ni ng 1nff PNBF - e

0= as descri bed
in cold PBS, and
in PBS contai ni ng

oz T8 KO

ncubated for

1 2345 6

-——~~390 kDa

-—180 kDa
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20 and 108@%?wa sodi um ort hovanadat e .5 mM/plate). Cell lysates
ver e i mmund¥ %t ed overni ght at 4[er|5]/ usi ng pol ycl onal /US92/10359
human beta receptor Ab (AB88, 1:500 dilution). Then, Protein A CL4B
(60 [err]l of a 50% slurry) was added to each sanple. After 1 hour at

4" C, beads were V\mﬁ serially with PBS containing 25  0.5% NP40, 0.5 M

| ithiumchloride Cpi ng 0.5% NP40, 0.5 M Iithiume%f(%ﬁﬂ&, and

finally with water. co-Tere Sobubilised with lg sanpl-e

sol ubilising buffer, a subj ected to SDS- pol yacryl ami de gel

el ectrophoresi s 0120 8% gradient gel, followed by Wstern

transfer to nigrocelluljose. 30 Western blots were either incubated with

ant i phosphotyr@m ne MAb (1:1000), or with Ab88 (1:500 dilution)
followed by [err]l-Protein A (0.15 [err]C/m)

over ni ght at i -
g 0000 tenp. Western blots were then exposed to X-ray

for 2 hours a oom
film 35 Sesul ts 1 Properties of MAb 2A1E2. MAb 2AlE2 is

an |1 gG Em)%ﬁbe_nal anti body. Western anal ysis shows that MAb 2A1E2
WD 93/ 10805 PCT/ US92/ 10359
35 re@&@gni ses Hon- ced human PDGF beta receptor (Fig 2, Panel

A, Lane 4) bugdoes not{ recogni s uced protein (Fig 2 Panel A

Lane 1). MAb #B1EB0088gnopreci pit ates
= q _
)

2AIE2
40000- ”~

-

20000-

02 04 06 08 10 L2 14
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FIG. 6.
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. FROM:POTTS KERR CO. TO: 65 2257511 2251838 1996- 2-21 13:@3 HA3Z3 P.E3
extracellular receptor (p[err]1-5: residues 1-499) fromsolution 5 (Fig -
2, Panel C, Lane 3). However, when purified p[err]2-7 (w t hout
dormain 5; residues 1-384) is the antigen, there is no reactivity (Fig
2, Panel B, This data indicates that the epitop '
by MAb 2AlE ‘Slgg’sla hin the fifth Ig- 6/6 1i ke donmin, thathg,. etv?gg'
resi dues 385-499 of the human 10 PDGF beta receptor.

Dose- dependent inhibition of [err]l-PDG BB binding to HR5 cells by -
MAb 2A1E2. When HR5 cells (CHO K cells which express the full length
human PDGF beta receptor) are incubated first - with MAb 2A1E2 fol | owed
by [err]l-PDG BB, significant (48.1% 15 inhibition is observed at a
coneentration as low as 0.1 nM MADb, conpared to cells not treated
with MAb 2A1E2. When 1 nM or greater concentrations of MAb 2AlE2 are
used, there is 100% inhibition of ligand binding to the full-length
PDGF bet a receptor on the cells (Fig 3, Panel A). Wwen 200 nM of a 20
different, non-inhibitory MAb (4C5C8) to PDG-'beta receptor is used -
in the preincubation, the amount bf idhiBtidn & only 36.1% This is
conparable to the effect of 200 nMof a non-rel evant MAb
(anti-lIb/1l1la) (19.18%inhibition).” The anmount of [err]|-PDG- BB
binding in the presence of 1 nM MAbERALE2 25 . is equivalent to the anount
of ligand binding seen in the itk ci@nce of 1500-fol d excess of

unl abel | ed PDGF BB (Fig. 3, P e e anount of binding of-
ligand to non-transfegkﬂf not express a human PDGF
receptor (data not Sshown) . etermne if the

i nhibition seen with MAb 2A1E2 eri g hi , we
_.Q7ﬁggg)ggggéolytic‘
fragments of the antibody still - WO he PDG- beta receptor in
ELI SA (data not shown), t hough*t hef; itivity was di mini shed
slightly. Wen these (- 7 SN wieT :

64— ¢
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35 ‘'used in the radiol abell ed |igand binding assay, we found that

the anti body fragnents still inhibited binding of [err]l-PDG- BB to
the full-length PDGF beta receptor on HR5 cells in a WO 93/ 10805
PCT/ US92/ 10359 36 -

concentrati on-dependent manner (Fig 3 Pﬁge : However conplete
I nhibition was seen with 10 nM MAb 2A1E2

[err] This Sheet Has Been Re'i

2 Fab fragnments, whereas 1 nM i ntact antl body co
i nhi bited binding. Binding of ligand in the presence o
F(ab')[err] fragnments was inhibited by 64.5% and bindi

presence of 1 nM Fab fragnents was i nHCRAIMS by 50%

I nhi bition of Phosphorylation by MAb 2A1E2. As shown in F'i g 4, MAb
2A1E2 specifically inhibited PDG- i nduced phosphorylation in HR5-

cells in a copcent ﬁﬁgﬂg] tﬁﬁﬂl % '
I nhi bition ocgur rlAl %%tsig.?ﬁalﬂ? c%?\rg:lgn?"r at O#ﬁfl}(pe?ngp E/P’?Eﬂer% 4 ﬁg%gﬁ%% at

i nhi bi t i @Bred¢ it dpaifically binds toldn Sxtrddeliiar démhbid dfltBe Bufbhn atelet—denved
nonr el evant MAb (anti-11b/11la) had no effect (Lane: and MAb 4C5

whi ch wagrowth factex @gemew@iP@ﬁﬂPég andhihibirscbinding of PB@habec@mpmptP&GE lllgamB
recogni s

A AL R A R T —

Induced WATRIHSEhARE Rt specifically bind to the human oPDGF-R and wherein specific binding of
the polypeptide or fragment to the human BPDGF-R has one or more of the foliowing effecrs:

i) inhibition of PDGF-induced BPDGF-R phosphorylation;

if) inhibition of PDGF-induced dimerization of BPDGF-R;

fi) inhibition of PDGF-induced mitogenesis of cells displaying the human BPDGF-R;

and '

iv)  inhibition of PDGF-induced chemotaxis and migration of cells di.s_playing S8PDGF-

2. A substantially purified immunoglobulin polypeptide or éntigen binding fragment
thereof, which binds specifically to the human PPDGF-R, wherein binding cf the polypeptide has |
one or more of the following effects on cells displaying the BPDGF;R: |

S - Tasem ~ bm thaa DTV TS JUUUR, Y, N L
1) .uh;bmcu cfPDGFER umdxns freRivie] [P IO 1 int Vitro wita the hmnuuugxuuuxm

polypeptide or antigen binding fragment present at a concentration of 0.1 nanomolar followed by
2.0 nanograms per milliliter of PDGF BB; |

ii) inhibition of PDGF-induced BPDGF-R phosphorylation in vitro 'with the -
immunoglobulin polypeptide or antigen binding fragment present at a concentration of 0.13
nanomolar followed by 100 nanograms per r;ﬁlliliter of PDGF BB;

ii1) inhibition of PDGF-induced dimerization of B8PDGF-R in vitro with the

'REPLACED SHEETS SG
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— . . “'ﬂ'ﬂ
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the Himan PDGF beta Receptor. Treatnent of HR5 cells with PDGF BB
results in |igand-nedi ated phosphorylation (Fig 5, 180 KDa 20 protein in
| anes 1-6) and dinmerisation (Fig 5, 390 KDa protein in lanes 2 and 6)
of the PDGF beta receptor. Wen HR5 célls are first preincubated-
with MAb 2A1E2 and then with PDGF BB, di merisation was inhibited at
all the tested concentrations (Fig4%, Lanes 3, 4 and 5). This data

i ndi cates that binding of 25 MAb 2A1E2 on the receptor excludes |igand
bi ndi ng and receptor di meri sati on. I nhi bition of

M t ogeneifinsudogdvdlin2pdlizgeptidie ohautigén bEld@lg fragmefit piéSeni At B2contehRhdcn BPGH
BB-i nduced m togenesis 1 n_human foreskin fibroblast AGOL523B cells in
a concermangmoia- glé@‘éﬁhbmm@@lanocrmmér miljjliger of BPGEBB;randbi ti on (69. 55%

Vb aceCe vy SRR B pdised JBiheets yim M I e p REPbAcRboulin
ni t ogen gpepnde or egree%%%cﬁﬂ% f}’%ﬁ‘e@o LU QQPR&B%HOE%% 22 Shidrdifiblar i the

| nprove primari ecause these cells a

35 expressse BP0 nahqsgrams@eennnﬂnémbﬁla)GFtBBhom) whi ch is not bound -
r .inhibited by 2A1E2. WO 93/ 10805
PCT/ US92/ 10359 '

37 e
al so determnd e eff : nratl . f E2 .on
o mary. oot midEERr e Rl gRRFale At 4ohizen binding ﬁagm'“e’ 8 ot ehim 6

2, wherein said immunoglobulin polypeptide or anugen binding fragment is labeled.

4. The purified immunoglobulin polypeptide or antigen binding fragment of claim 3,

wherein said label is cytotoxic.

5.  The purified immunoglobulin polypeptide or aritigen binding fragment of claim 1 or

2, wherein said immunoglobulin polypeptide or antigen binding fragnient is bispecific.

6. The purified immunoglobulin polypeptide or antigen binding fragment of claim 1 or

2, wherein said immunoglobuliﬁ polypeptide or aritigén binding fragment is an immunotoxin.

7.  The purified immunoglobulin polypeptide or antigen binding fragment of claim 1 or
2, wherein the immunoglobulin polypeptide or antigen binding fragment is an isotype selected
from the group consisting of IgG, IgM, IgA or IgD.

8. - The purified immunoglobulin polypeptide or antigen binding fragment of claim 7,
wherein the isotype is IgG. ' R

boa

9. The purified immunoglobulin polypeptide' or antigen binding fragment of claim 1 or

_ This is the replacement sheet
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PDG- BB- nedi at ed PDG- receptor phosporylation in baboon artery snoot h
nmuscle cells was inhibited by 200 nM and 20 nM MAb 2A1E2 5 (Fig. 7,
Lanes 4 and 5, respectively). As seen in Fig 8, 1 nM MAb 2A1E2
inhibits [err]Hthym dine incorporation in the presence of 1-2 ng/m
of PDGF BB by 90% and 25 nM MAb inhibits mtogenesis by 80% at

| i gand concentrations ranging frorﬁ51 10 ng/ M. Concentrations of MAb
10 - 2A1E2 greater than 250 nMinhibit mtogenesis by 90% at all

tested concentrations of |igand. Wen non-rel evant MAbs are used

t here i , wheseigsaifli imamtnogidbatin polypeptideenattigenibinding dragment is husmandzeld. nuscl e
cells. In sunmary, we have di scl osed a nonocl onal - anti body,
15 MAb 2A1E2, that is highly specific for the human PDGF beta

receptor. Al i_nhichlst.s

bet & PDGF eckipt on PSR BrEOe Rl uteniet o il hbtti tragmepy gf {1
recept OroraC kihepdih QBidamnniogfobufid p@}?’ pepliddbrt a:mgeafbmdmg fragixﬁﬁmrmeﬂ t&hflses a
phosphoryl ation and di nerisation he anti body I nhrbits m togenesis

i n vit r cnoathumanr comuplementarityedaterminingsregion and aTllm;rnq;r frameivptk cegiomgnent s of

the MAb retain inhibitory function, as neasur.€d by the inhibition of
[err]]1-PDG- BB binding (Fig 3A). MAb 2Al1E2 appears to recogni se an

). 'ana 25 T ndegeiell “ébééb‘ﬁ‘ﬂ%%“ﬂ% widt 0 obiikin Hid g SPASERPLE SRERIQ,

r ecept orfufthédcdmp rxsﬁ%th@ repladertidit OF résiduel dn §4i@ fﬂ'zfmdiwik region thdt/aiffebr the 8ftuétire
| i gand-i nduced autophosphorylation of the PDG- . beta receptor (Fig 4),

at conc exftsaist Gompdernentanity @@rmlmng mmwherem saﬁmmmwnb@hmpmwudmrhaugen
f ound coqgé]ﬁ I nhi bition.of i nduced mtogenesis in HRS cells
(data not S\%ﬁ)g“ﬁtﬁosfefsﬁ tm%cognmon ‘2A1E2, and in human foreskin

fi broblast cells (AGOL523B) 70% inhibition is achieved at 1 [err]M
MAb 2A1E2 concentration. . MAb 2A1E2 was al so tested for

cross-reactivily VWhépurified mmunoglobulm or antigen bmdmg fragment of claim 2(i), wherein
said inhibition of binding by PDGF BB to the BPDGF-R occurs in vu‘ro in CHO.cells that express
the extracellular domain of the BPDGF-R or the full-length BPDGF-R with the immunoglobulin

polypeptide or antigen binding fragment present at a concentration of 0.1 nanomolar followed by

2.0 nanograms per microliter of PDGF BB.

13. The purified immunoglbbulin or antigen binding fragment of claim 2(ii), wherein
said inhibition of PDGF-induced PPDGF-R phosphorylation occurs ir vitro in CHO cells that
express the extracellular domain of the BPDGF-R or the full-length | BPDGF-R with_ the
immunoglobul'in polypeptide or antigen binding fragment present at a concentration of 0.13

nanomolar followed by 100 nanograms per milliliter of PDGF BB.

14. . The purified im:hunoglobulin or antigen binding fragment of claim 2(iii), wherein
said inhibition of PDGE-induced dimerization of BPDGF-R occurs in vitro in CHO cells that

Thiis is the rep!aicement sheet
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snDotH'rrus'cI e cells from baboon brachial artery. PDGF 35 BB-i nduced

phosphorylation (Fig-7) and mtogenesis (Fig 8) was I nhibited up to
80% by 20-25 nM MAb 2A1E2. Monocl onal anti body 2A1E2 does not
cross-react with PDGF receptors from dog; rat, WO 93/ 10805

PCT/ US92/ 10359 ' 38 nmouse, or
pig, and al so does not cross-react wth h#fran type al pha PDGF
receptor (data not shown). It is of particular interest that,
whil e we have denonstrated that MAb 2A1E2 binds to the fifth Ig-1ike
domai n 5 expresd théd exbiatHvlamdotain ofetheppPDGRR bhuRe i fallilbhdgth FPOGRRdWahethe
activity, PDGF binds to the third I g-like domain. It is to be

under st odumunaglobhbn gindypeptide cori patigen binding fraginene poksent at Becarcenrsatioat pf/d3
and not restrictive. enbodi nent.s. w |l arent to those of
skill i nDapemglaf f@gﬁ’ﬁ%mo PERABEHH §°% H‘gﬁ‘;‘%\fﬁ P&i@@ﬁﬁgt ion. The scope of
the i nvention shoul d, therefore, be determ ned not with reference to
t he above description, but should instead be determ ned with

referenceiso the apPgngadfiel MimBnogidtulia ov iuﬁgéxhbinﬁlﬂg fragnde oftlaim 2(iv), wherein
equi valents to which such clains are entitled.
said inhibition of PDGF-induced mitogenesis occurs in vizro in human foreskin fibroblast cells
with the immunoglobulin polypeptide or antigen binding fragment present at a concentration of

0.2 micromolar in the presence of 50 nanograms per milliliter of PDGF BB.

16. An immunoglobulin polypeptide of claim 1 or 2, wherein the polypeptide is a

monoclonal antibody.

17. An immunoglobulin polypeptide of claim 16, wherein the monoclonal antibody is -
antibody 2A1E2. ‘ |
18. A substantially purified polypeptide having an amino acid sequence substantially

identical to a sequence of a complementarity determining region of an immunoglobulin

polypeptide of claim 1 or 2.

19. An immunoglobulin polypeptide of claim 1 or 2, wherein the polypeptide is

chimeric.

20.  An isolated nucleic acid sequence coding for the immunoglobulin polypeptide or

antigen binding fragment thereof of claim 1.

This is the replacement sheat
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WO 93/:10805 39 PCT/ US92/ 10359

SEQUENCE LI STING (1) GENERAL | NFORMATI ON: (i) APPLI CANT:

Ramakri shnan, Vanitha Escobedo, Maria A

Fretto, Larry J. (i) TITLE OF I-NVENTION: Inhibitory

| mmunogl obul i n Pol ypepti des _ to Human PDG- Beta Receptor

(iii) NUMBER OF SEQUENCES: 3 (i v) ®ORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Townsend and Townsend (B) STREET: One Market

Pl aza, Steuart Tower, Suite 2000 ' (© CdTY: San Francisco

(D) STATE: Ca2i.forAnadsolated nucleic acidEyeqiehiéTédding ok the immunoglobiin pdlypep@del b
(v) COVPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy di sk

antigen binding fragment thereof of claim 2.

22.  The nucleic acid of claim 20 or 21, wherein the nucleic acid is operably linked to

a promoter.

23. The nucleic acid of claim 22, wherein the promoter and the nucleic acid are

contained in an expression vector.

24. The nucleic acid of claim 22, wherein the polypeptide is a monoclonal antibody.

25. A cell line transfected, transformed, or infected with a vector containing a nucleic

acid of any of claims 20 or 21.

- 26. A method of producing a subsranually purified immunoglobulin polypeptxde oran
antigen binding fragment thereof, comprising the steps of:
i) growing a cell line transformed with the nucleic acid of any of claims 20 or 21 |
"under conditions™ in which the immunoglobulin polypeptide or antigen binding fragment is
expressed; and |

ii)  harvesting the expressed immunoglobulin polypeptide or fragment.
27.  The method of claim 26, Wheifein the cell line is a hybridoma.

28.  The method of claim 27, wherein the hybridoma is ATCC no. HB10938.

(DIATHIIDIN o s e remecamens oo
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(B) COVPUTER | BM PC conpat i bl e (C) OPERATI NG SYSTEM

PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln Rel ease #1.0, Version #1.25
(vi) CURRENT APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER: PCT

(B) FILING DATE: (C CLASSI FI-CATI ON: (vii) PRIOR

APPLI CATI ON DATA: . (A) APPLI CATI ON NUMBER: US 07/801, 795

(B) FILING DATE: 02-DEC- 1991 (viii) AFTORNEY/ AGENT | NFORMATI ON:

(A NAME: Smith, WIliam M - - (B) REG STRATI ON NUMBER: 30, 223

(C REFERENCE/ DOCKET NUMBER: 12418-18 - (i x) TELECOMMUNI CATI ON

| NFORVATI ON: 29.  The meth¢ddf dlbinrP6ONBeredl the 3dfuadFlobulin polypeptide(iBh middotiofX:
415- 326- 2422 WD 93/ 10805 40 :

PCT/ US9 antibedyg

30. A pharmaceutical composition comprising a therapeutically effective dose of the
purified immunoglobulin or antigen binding fragment of any of claims 1,2,12,13,14 or 15,

together with a pharmaceutically acceptable carrier.

31." A pharmaceutical composition comprising a therapeutically effective dose of a
monoclonal antibody or an antigen binding fragment thereof that specifically binds to an
extracellular domain of a human type beta platelet-derived growth factor receptor (SPDGE-R),
which antibody or fragment does not specifically cross react with human type alpha platelet-
derived growth factor receptor and inhibits PDGF BB binding to the BPDGF-R in vitro with the
antibody or antigen binding fragment_ present at a concentration of 1 nanomolar followed by 2.0

nanograms per milliliter of PDGF BB, together with a pharmaceutically accéptable carrier.

32. A pharmaceutical composition comprising a therapeutically effective dose of a
monoclonal antibody or an anﬁgen binding fragment thereof that specifically binds to an
extracellular domain of 2 human type -béta platelét—derived growth factor receptor (BPDGF-R),
which antibody or fragment does not speciﬁcaﬂy cross react with human type alpha platelet-
derived growth factor receptor and inhibits PDGF-induced BPDGF-R phosphorylation in vitro with
the antibody or antigen binding fragment preseht at a concentration of 1.3 nanomolar followed by

100 nanogram.s per milliliter of PDGF BB, together with a pharmaceutically acceptable carrier.

33, A pharmac'eutiéal composition comprising a therapeutically effective dose of a
monoclonal antibody or an antigen binding fragment thereof that specifically binds to an

extracellular domain of 2 human type beta platelet-derived growth'_ factor receptor (BPDGF-R),

This is the replacement shee
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(2) | NFORVATI ON FOR SEQ ID NO | : (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 40 base pairs (B). TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (i) MOLECULE
TYPE: DNA (genom c) (xi) SEQUENCE DESCRI PTION: SEQ ID NO I :
GIGTGAGGAA CGGGAAATTC ATCGAAGGAC ATCCCCCGAC 40 WD 93/ 10805

PCT/ US92/ 10359 4%2) | NFORMATI ON FOR SEQ I D NG 2:

(i) SEQUENCE CHARACTERI STICS: - (A) LENGTH 36 base pairs
(B) TYPE: nucleic acid

which antibody or fragment does not specifically cross react with human type alpha platelet-
derived growth factor receptor and inhibits PDGF-induced dimerization of BPDGF-R in vitro with
the antibody or antigen binding fragment present at a concentration of 0.13 micromolar followed

by 100 nanograms per milliliter of PDGF BB, together with a pharmaceutically acceptable carrier.

34, A pharmaceutical composition compri'sing a therapeutically effective dose of a |
monoclonal antibody or an antigen binding fragment thereof that specifically binds to an
extracellular domain of a human type beta platelet-derived growth factor receptor (3PDGF-R),
which antibody or fragment does not specifically cross react with buman type alpha platelet-
derived growth factor receptor and inhibits PDGF-induced mitogenesis of cells displaying the
human BPDGF-R in vitro with the antibody or antigen binding fragment present at a concentration

of 1.3 micromolar in the presence of 50 nanograms per milliliter of PDGF BB, together with a
pharmaceutically acceptable carrier. - - | |

. 35. A purified immunoglobulin polypeptide or an antigen binding fragment thereof that
specifically binds to an extracellular domain of the human type beta platelet-derived growth factor
receptor (BPDGF-R), does not specifically bind to the human «PDGF-R and inhibits restenosis.

36. The purified immunoglobulin polypeptide or an antigen binding fragment thereof

of claim 35 wherein the inhibition of restenosis is mediated by the inhibition of neointimal
formation. |

37.  The purified immunoglobulin polypeptide or an antigen binding fragment thereof

of claim 35 wherein the immunoglobulin polypeptide or. fragment has been humanized.

I T e estooermore shee
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(i) SEQUENCE CHARA

SfRANEiEDI\IESS“Si—nm—e\_( D) TOPOLOGY: |inear (i)

MOLECULE TYPE: (xi) SEQUENCE DESCRI PTION: SEQ I D
2 GGAAGGTCGA GGAC ATCCCC 36 WD 93/ 10805
0359 . (2) INFORMATION FOR SEQ ID NO: 3:

(A) LENGTH: 18 am no aci ds

(B) TYPE: amino acid C STRAMDEDNESS: si ngl e (D)
TOPOLOGY: |inear (1) I\/C]_ECULE ‘TYPE: peptide

38.  The purified immunoglobulin pd_lypeptide or antigen binding fragment of claim 35,
wherein said immunoglobulin polypept_idé or fragment further comprises a non-human

complementarity determining region and a human framework region.

39.  The purified immunoglobulin polypeptide or antigen binding fragment of claim 38,
further comprising the replacement of residues in said framework that affect the structure of the

complementanty determining region wherein said immunoglobulin polypeptlde or antigen binding

fragment possesses antigen recognition.

40. A pharmaceutical composition comprising an amount of the immunoglobulin
polypeptide or antigen binding fragment thereof of any claims 35-39 that is therapeutically

effective to inhibit restenosis, together with a pharmaceutically acceptable carrier.

41.  The pharmaceutical composition of claim 40, wherein the immunoglobulin
polypeptide or antigen binding fragment' thereof is prepared for administration via liposomes.

42. The use of an immunoglobulin polypeptide or antigen binding fragment thereof as
claimed in any one of claims 1,2,35,36,37,38 or 39 and a pharmaceutically accepta'ble carrier as
a medicament for treating a PDGF mediated disease involving proliferation, migration or

.chemotaxis of smooth muscle cells.

43. The use of an immunoglobulin polypeptide or antigen binding fragment thereof as

claimed in 42, wherein the PDGF-mediated disease is selected from the group consisting of: .

a)  restenosis;
b) vascular proliferative phenomena and fibrosis;
c) prevention of vascular narrowings in vein grafts;

This is the .rep_Iacement sheot
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(xi) 'SEQUENCE DESCRI PTI ON: SEQ I D NO 3: Ser Val_leu Thr Leu Thr Asn
Leu Thr Ay Leu Asp Thr Ay Qu Tyr 1

10 15 Phe Cys ' This Sheet Has Been Replaced

: o I
substantially purified i munogl obulin polypeptlde or a ng
fragment thereof, chat specifically bindsl to an extracellular domain of the
human type beta pI atel et derived growth factor receptor (BPDG-R), wherein
the receptor does not activate autophosphorylation or rri togeni c activity
through PDGF gpA f QréRechtiogl bf'%scﬂﬁ?hﬂrawfdg? thQl'e%Q lrﬂt&@ﬁtdeﬂ‘?nigfatfaﬂ
anti gen binding fragrrent does not specifically bindto t uman

[ er r] PD@ad Brdxfdrawbanmtmnsplanted organs; and

e) nonvascular fibrotic processes.

44,  The method of claim 43, wherein the PDGF—inediafed disease is restenosis.
45.  An isolated cell line designated as ATCC No. HB10938.

46. A monoclonal antibody__expressed by cell line ATCC No. HB10938.

47, A method for detecting human BPDGF-R-receptor in a physiological sample,
comprising the steps of preparing the sample and exposing the sample to a purified
immunoalobulin-polypeptide or a fragment thereof according to any of claims 1,2,12,13, 14 or 15

_and thereafter detecting the presence of the immunoglobulin polypepude or fragment bound to said
BPDGF-R receptor.

48. A substantially puriﬁed immunoglobulin polypeptide or antigen binding fragment
thereof, which binds specifically to the human the BPDGF-R, wherein binding of the polypeptide
or fragment inhibits the binding of PDGF BB to the BPDGF-R in vitro in CHO cells that express
the extracellular domain of the BPDGF-R or the full-.lex.lgth. BPDGF-R

with . tpe immunoglobulin polypeptide or antigen binding fragment present at a

concentration of 10 nanomolar followed by 1 nanogram of ligand per 500 microliters.

- 49. A substantially pﬁriﬁed immunoglobulin polypeptide or antigen binding fragment

thereof, which binds specifically to the human the BPDGF-R, wherein binding of the polypeptide
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speC|f|c bi ndi ng of the pol ypeptlde or fragnment to The human BPBG—R-has
one or nore of the follow ng effects: 1) mgsmbttﬁaggeeg

PDG-- i nduced BPDGF- R phosphoryl ati on; i) i
PDGF- i nduced di merizati on of BPDGF-R, . i) i
PDGF- i nduced m togenesis of cells displ >8§/I ng the hu
iv) inhibition of PDG--induced chenota and mgrati on of ceI | s

di spl ayi ng BPDGF- R 2. A substantially purified i nmunogl obulin
pol ypeptide or antigen binding fragnent thereof, which binds specifically

to the bufragmpmrinhiBPDGEF-finced BPDGEIR?A qihoﬁ-il&tmohyﬂﬁ’btm BebdvaSsniyoth Sfuscle
nmore of the followi ng effects on cells displaying the [err] PDG--R

i) i nbellsi witlm&ledmml@lm ipelyipeptidecon ansigkn qumagnem presentoat\ai qoncdritmation

I mmunogl ghul in ant| en blndl r esent at a
concent PgEID&H ‘B ¥‘§F‘£(‘éeﬁ‘g]i%mq ?JR%H W r?gﬁﬁ&ér@ per nmilliliter of
PDGF BB; 1) I nhi bition of PDGFlnduced [ err] PDGF- R
phosphorylation in vitro with the inmunogl obulin pol ypeptide or antigen

bi ndi ng fraggent prsubenhtialy pm&ﬁmtmhﬁﬂéglo‘dmlﬁf pélyéébtmnﬁ'rmhgén biadingfesbrient

100 nanogramsg mlliliter of I nhi bition of

PDGF- i ndieseqf, whirhrbindy spesifisnlly @rﬁhF ﬂzmganrtbq BPDGE-B., whmm bigding of the polypeptide

a4 or fragment inhibits PDGF-induced dimerization of BPDGF-R in vitro in CHO cells that express
the extracellular domain of the BPDGF-R or the full-length BPDGF-R with the immunoglobulin
polypeptide or antigen binding fragment present at a concentration of 13 nanomolar followed by

100 nanograms per milliliter of PDGF BB.

5L A substantially purified immunoglobulin polypeptide or antigen binding fragment
thereof, which binds specifically to the human BPDGF-R, wherein binding of the polypeptide or
fragment inhibits PDGF-induced mitogenesis in vitro in baboon smooth muscle cells with the

immunoglobulin polypeptide or antigen bmdmg fragment present at a concentration of 1oM in
the presence of 5 ng/mi PDGF BB

52. A composition comprising 2 monoclonal antibody or bmdmg fragment thereof as
claimed in claim 16 that binds to human type beta PDGF receptor, which antibody or fragment
inhibits in vivo binding of PDGF BB or AB to the receptor. '
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i mmunogl obul i n pol ypeptide or antigen binding fragnent present at a
concentration of 13 nanonol ar foll owed-by 100 nanograns per mlliliter of
PDG- BB; and iv) inhibition of PDGF-i'nduced mitogenesis in vitro

wi th the inmunogl obulin pol ypeptide or antigen binding fragnent present at
a concentration of 0.2 mcronolar in thespresence of 50 nanograns per _
milliliter of PDG- BB. 3. The purified i munogl obulin pol ypeptide

or antigen binding fragnent of claim1 or 2, mherein sai d i mmunogl obulin '
pol ypeptide or antigen binding fragmnABSTRACAbel ed. : 4. The

purified i mmunogl obul in pol ypeptide or anti en bi ndi ng frarrent of claim 3,
wherei n sai d | BYHIBITOR MMUNOGLOBULIN POLYPEREIDES d A MLADN IARSEo hul | n

pol ypepti de or antigen binding frW&n 1 or 2 wher ei n said

i rmunogl obul i n polypeptlde or antigen binding fragnment is bispecific.

h fied bul i ol d d f f
6 T e . .
;;laim‘i‘ o 2. uher LFP Sqnﬁlﬁmﬂ@ YR 3% oLl R b BerB nai ng
ol ypopt i do_ opataRPaEiL f%@hefexgaﬁfgﬁm GORBBE bt nfhaby W e FRGE
Sl oct od 11 ors i’%fé'?ﬁﬁ‘g e bt B o Bl R B bR ES o W&ﬂtﬁ%ﬁﬁ%

The purified pHoEIAcRIYS ﬁuﬂﬂhﬁé&ﬁ&’&:&ﬂ@r dtivatién gsemdﬁhedlaaqnmbﬂwm

claim?7,

receptor phosphorylation and dimerisation, and by inhibition of PDGF-mediated
mitogenesis, chemotaxis and migration of cells displaying the human PDGF type
beta receptor on the cell surface. Nucleic acids encoding the immunoglobulin
polypeptides are also included in the invéntion. The immunoglobulin polypeptides

have diagnostic and therapeutic uses:
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wherein the isotype is |1gG 9. The purified i nmunogl olggierrs sres
pol ypéptide or antigen binding fragment of claim1 or :
45 .2, wherein said inmunogl obulin pol ypeptide or antigen binding fragnent
I s humani zed. 10. The purified i munogl obulin pol ypeptide or
antigen binding fragment of claim1l ory2, wherein said inmunogl obulin

pol ypeptide or antigen binding fragnent” further conprises a non-human
conplenmentarity determ ning region and a hunman framework region.

11. The purified i munogl obulin pol ypeptide or antigen binding fragnent of
claim 10, further conprising the regggﬁﬁﬁsnt of residues in said framework
region that affect the structure of onpl enentarity determ ning region
wherein sai d i munogl obul i n pol ypepti de or antigen binding fragnent
possesses antigen recognition. 12. The purified i munogl obulin or
anti gen bi ndi ng substgurially purified ammunpglobulishpolypeptide or an antigen binding fragment

thereof, that specifically binds to an extracellular domain of the human type beta platelet-derived
growth factor receptor (BPDGF-R), wherein the receptor does not activate autophosphorylation
or mitogenic activity through PDGF AA form binding, wherein the immunoglobulin polypeptide
or an antigen binding fragment does not specifically bind to the human «PDGF-R and wherein
specific binding of the polypeptide or fragment to the human SPDGF-R has one or more of the
following effects:

i) inhibition of PDGF-induced BPDGEF-R phosphorylation;

if) inhibition of PDGF-induced dimerization of BPDGF-R;

ili)  inhibition of PDGF-induced mitogenesis of cells displaying the human SPDGF-R;
and .
iv)  inhibition of PDGF-induced chemotaxis and migration of cells displaging BPDGF-
R.

2. A substantially purified immunoglobulin polypeptide or antigen binding fragment
thereof, which binds specifically to the humnan SPDGF-R, wherein binding of the polypeptide bas
one or more of the following effects on cells displaying the BPDGF-R:
L i) inhibition of PDGF BB binding to the BPDGF-R in vitro with the immunoglobulin
. polypeptide or antigen binding fragment present at a concentration of 0.1 nanomolar followed by
2.0 nanograms per milliliter of PDGF BB;
ii) - inhibition of PDGF-induced BPDGF-R phosphorylation in vitro with the
immunoglobulin polypeptide or antigen binding fragment present at a concentration of 0.13
nanomolar followed by 100 nanograms per milliliter of PDGF BB; ]

fii) inhibition of PDGF-induced dimerization of B8PDGE-R in vitro with the

apet
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said inhibition of binding by PDG- BB to the [err] PDGF-R occurs.in vitro in
CHO. ~®lls that express the extracellular domain of the [err] PDG--R or the
full-length [err] PDG-R wi th the inmunogl obulin pol ypeptide or antigen

bi ndi ng fragnment present at a concentrE@ion of 0.1 nanonol ar fol |l owed by
2.0 nanograns per mcroliter of PDGF . 13. The purified

i mmunogl obulin or antigen binding fragnment of claim2(ii), wherein said

i nhibition of PDG--induced [err] PDGF- R phosphoryl ation occurs in vitro in
CHO cel | s t38at é‘hpp@aﬁed hmnunoglabldin pnlmpcpdderar antigenttindihg frapPe@refRlam 35 e

fuII-Ie tht | bul i n polypeptide or anti

bl bR me&?e bk S GoRnbE Q| Brtagato Pt s PORBTISS Rotop o8,
100 n BB The urified

i nnungéga]’ l% I r‘lﬁﬁ? antigen glé%lgl ng@?iagrrenf{a%?w kreﬁ]xjoé(l i \R/her ein said

i nhi bition of PDGF-induced dinerization of BPDGF- Roccurs |n vitro in CHO
cells that

express t he3%xt Theurified imgwingglebulin pqﬂapfmdp]ommrgqn mdmaérargmem ofedgp:mBS

[err] PDGE-R with.th byl in.pol. i ndi ng _fragnment

br cser e SRR e TR BB T arie bR Rk Byt S50 e Sotne ohbe

m 1 ednflerBéntiidPde8Rmining region wherein said immunoglobulin polypeptide or antigen binding
fragment possesses antigen recognition.

J 40. A pharmaceutical composition comprising an amount of the immunoglobulin
~
polypeptide or antigen binding fragment thereof of any claims 35-39 that is therapeutically

- effective to inhibit restenosis, together with a pharmaceutically acceptable carrier.

41. The pharmaceutical composition of claim 40, wherein the immunoglobulin
‘polypeptide or antigen binding fragment thereof is prepared for administration via liposomes.

42. The use of an immunoglobulin polypepude or anngen bmdmg fragment thereof as
claimed in any one of claims 1,2,35,36,37,38 or 39 and a pharmaceuucally acceptable ca.rner

in the manufacture of a medicament for treatmg a PDGF mediated disease acr

. involving proliferation, migration or chemotaxis of smooth muscle cells.

43. Theuse ofan immunoglobulin polypeptide or antigen binding fragment thereof as
claimed in 42, wherein the PDGF-mediated disease is selected from the group consisting of: .
a) restenosis; L

b) vascular proliferative phenomena and fibrosis;

c) prevention of vascular narrowings in vein grafts;
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" , oeATr=§ Mos
» 15%¢ The purified i mrunogl obulin or antigen binding fragnent of

claim 2(iv), wherein said inhibition of PDG--induced mtogenesis occurs in
vitro in human foreskin fibroblast cells with the inmmunogl obulin
pol ypeptide or antigen binding fragment present at a concentration of O. 2

m cronmolar in the presence of 50 nanograns per mlliliter of PDG- BB. 16.
An i mmunogl obul i n pol ypeptide of . claim'l or 2, wherein the polypeptide is a
nonocl onal anti body. 17. An i fbunogl obul i n pol ypeptide of claim
16, wherein the nonoclonal antibody is antibody 2A1E2. 18. A

substantially purified polypeptide having an anmino acid sequence

subst anti al | iy | depievestion 6f vasOEsUEARRVIOfs dueQd Tiﬁd:@é'fﬁitﬁ%fndom ﬁlﬁﬁ@é Gé1Ninf¥gation
regi on of an I nmmunogl obulin pol ypeptide of claim1l or 2. An

[ mmnoghmbmqllﬁerpmlypb@mmd efgapshandor 2, wherein the _pol ypept ide is

chinmeri c. IA ﬁhsc% at ed nucl eic acid sequence coding for the
I mmunogl obul £h polnﬁﬁ\?ﬁf‘i‘ to Mroaﬁsﬁesm ndi ng fragnment thereof of claiml.

44. Use according to claim 43, wherein the PDGF-mediated disease is restenosis. 'l

45. - An isolated cell line designated as ATCC No. HB10938.
46. A monoclonal antibody expressed by cell line ATCC No. HB10938.

47. A method for detecting human BPDGF-R-receptor in a physiological sample,
comprising the steps of prép_aring the sample and exposing the sample to a purified
‘immunoglobulin polypeptide or a fragment thereof according to any of claims 1,2,12,13,14 or 15

and thereafter detecting the presence of the immmnogiobulin polypepndc or ﬁ'agment bound to said
BPDGF-R receptor.

48. A substantially purified immunoglobulin polypeptide or antigen binding fragment
thereof, which binds specifically to the human the BPDGF-R, wherein binding of the polypeptide
or fragment inhibits the binding of PDGF BB to the BPDGF-R in vizro in CHO cells that express

- the extracellular domain of the BPDGF-R or the full-iengtb BPDGF-R '
with the imniunoglobulin polypeptide or amtigen binding fragment present at a

concentration of 10 nanomolar followed by 1 nanogram of ligand per 500 microliters.

49. A substantially éuriﬁed immunoglobulin polypeptide or antigen binding fragment
thereof, which binds specifically to the human the BPDGF-R, wherein binding of the polypeptide
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47 A . 21. An isolated nucleic acid sequence coding for the
i.mmunogl ‘obul i n pol ypeptide or antigen binding fragnment thereof of claim 2.
. 22.. " The nucleic acid of claim20 or 21, wherein the nucleic acid is

operabLy | inked to a pronoter. 23. The nucleic acid of claim?22,
wherein-the pronoter and the nucleic acid are contained in an expression
vector. . 24. The nucleic acid of claim?22, wherein the pol ypeptide
Is a nmonocl onal anti body. 25. sp cell line transfected,
transforned, or infected mﬁth a vector containing a nucleic acid of any of
clainms 20 or 21. A met hod of producing a substantially
purified i nmunogl al e Is ;

Pher eof o ERRBRaRp: FBCE %Ec%if $P15GEH pRRORHHSE P U0 I Baf R YRR miscle

transf or ROt tHe thipSudd gfdbﬁhﬁ BE'FE’%ME OR/AMti Hiﬁdihg'ﬁagrﬁexﬁfpr&énmd%ncenn'amn
conditions In I ch thé i mmuno ulin polypeptide or antigen binding

f r agmentof 2 nasemnokas fmtuww 100 nanograms per milliliter of PDGF BB.

50. A substantially purified immundglobulin polypeptide or antigen binding fragment
thereof, which binds specifically to the human the BPDGF-R, wherein binding of the polypeptide
or fragment inhibits PDGF-induced dimerization of BPDGF-R in vizro in CHO cells that express
the extracellular domain of the BPDGF-R or the full-length SPDGF-R with the _iinmunoglobulin

polypeptide or antigen binding fragment present at a concentration of 13 nanomolar followed by
100 nanograms per milliliter of PDGF BB.

51. A substantially purified hnmuﬁoglobtﬂin polypeptide or antigen binding fragment
thereof, which binds specifically to the human BPDGF-R, wherein binding of the polypeptide or
fragment inhibits PDGF-induced mitogenesis ir vitro in bfabbon smooth muscle cells wifh the
_immundglobulin polypeptide or antigen binding fragment present at a concentration of 1 nM in
the presence of 5 ng/ml PDGF BB

52. A composition comprising a monoclonal antibody or binding fragment thereof as
claimed in claim 16 that binds to human type beta PDGF receptor, which annbody or fragment
inhibits in vivo binding of PDGF BB or AB to the receptor.

53.  Use of an anti-PDGF receptor antibody, or antigen binding fragment thereof, which
inhibits binding of PDGF to the PDGF receptor for the preparation of a medicament for use in
inhibiting 2 PDGF-mediated disease selected from the group consisting of:

O A Thia is the replecefont sheet
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i 'r)' . harvesting the expressed i munogl obul i n pol ypeptide or fragnent.

27.~ The nethod of claim 26, wherein the cell line is a hybridona.

28. The nmethod of claim27, wherein the hybridoma is ATCC no. HB10938.
48 29. The nethod of claim 26, wherein the inmunogl obulin

pol ypeptide is a nonocl onal anti body. 30. A pharmaceuti cal

conposition conprising a‘therapeutically effective dose of the purified .

i mmunogl obul i n or anti gen bindi ng fragﬂsnt of any of clains 1,2,12,13, 14 or
15, together with a pharnmaceutical ly dcceptable carrier. 31. A

pharmaceutical conposition conprising a therapeutically effective dose of a
nmonocl onal anti body or an antigen binding fragnent thereof that
speci fical |y bi#ds t &#SERO8RE r acel | ul ar domain of a human type bet a

pl atel et -deriveg, gr o\ iyf 3 trQfrefaBt€ Bhéllontels R HRYosis;

c) vascular narrowings in vein grafts;
d) vascular parrowings due to accelarated smooth muscle cell migration and
proliferation in transplanted organs; and

e) nonvascular fibrotic processes.

54.  Use according to claim 53, wherein said antibody is an anti-PDGF-beta receptor
antibody. |

55.  Use of anti-PDGF receptor antibody, or antigen binding fragment thereof, whlch
mh1b1ts binding of PDGF to the PDGF receptor for the preparation of a medicament for
administration to 2 mammal prior to an acute vascular injury, vein graft or organ transplantation.

56.  Use according to claim 55, wherein the vascular injury is due to plaque removal.

57.  Use according to claim 56, wherein said plaque removal comprises angioplasty or
atherectomy.

58. ° Use of an anti-PDGF receptor antibody, or antigen bmdmg fragment thereof, which
inhibits binding of PDGF to the PDGF receptor for the preparation of a medicament for
administration to a mammal subsequent to an acute vascular injury, vein graft or organ
transplantation.

59.  Use according to claim 58, wherein the vascular injury is due to plaque removal.
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whi ¢h anti.body or fragnent does not specifically cross react with human
. type al pha platelet- derived growth factor receptor and inhibits PDGF BB
-binding to the BPDGF-R in vitro with the antibody or antigen binding B
fragnent present at a concentration of 1 nanonolar followed by 2.0 :
nanogranms per milliliter of PDGF BB, together with a pharnmaceutically
acceptable carrier. 32. A pharmaceutical conposition conprising

a therapeutically effective dose of aggonoclonal antibody or an.antigen

bi ndi ng fragnment thereof that specifically binds to an extracellular donain
of a human type beta platelet-derived growh factor receptor (BPDG--R),

whi ch anti bgdy fra nt, does t .specif.i.cally cross reac i1 n
ype ai pha G at s ACCERIEIE o P s RN S Erelat FPEVEL GO AR HpOpldsty ot
PDGz'iiﬁﬂ#G&Qm PDGF- R phosphorylation in vitro with the antibody or antigen
bi ndi ng Tragnent present at a concentration of 1.3 nanonolar followed by
100 nanograns per milliliter of PDGF BB, together with a pharmaceutically
acceptable carrier. ) 33. . ph ceuti.cal, cogpasi.tion ¢ i Sing
a t her apeut®kal | {s&aqcerding to wgeafcéugﬁgﬁrgﬁ IR0 spid AREhRAY ds a%ﬁ“%‘%ﬁ%%n

bi ndi eof that specifically binds to an extracellular

domai nr&(ﬁE%%ﬁ%%ﬁl{b?Bé beta platelet-derived growh factor receptor

(BPDGF- R) , 49  which

anti body or fragnment does not specifi Qallg cross react with human type
al pha pl at et - Use according to any one of claims 53-61, wherein said antibody is a monoc onal

antibody.
63. Use according to claim 62, wherein said monoclonal is a chimeric antibody.

64. Use according to claims 63, wherein said chimeric antibody is a humanized
antibody. |

65.  Use according to any one of claims 53-60, wherein said antibody is a single chain
-antibody.
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' derii‘ved grow h factor receptor and inhibits PDG--induced dinerization of
BPDG--R in vitro wth the anti body or antigen binding fragnment present at a

concentration of 0.13 micronolar followed by 100 nanograms per milliliter
of PDGF BB, together with a pharnmaceutically acceptable carrier.
34. A pharmaceutical conposition conprisingsa therapeutically effective

dose of a .nobnoclonal antibody or an antigen binding fragnent thereof that
specifically binds to an extracellular domain of a human type beta

pl atel et-derived growm h factor receptor (ABSIRARI which antibody or
fragment does not specifically cross react with human type al pha pl at el et- .
deri ved growth f acINHIBITORY IMMUNOGGLOBULINCPOEYPERTHES 170 HIIMAN PDEG
cell's displaying the hunan BPDGF- R i n :BELAREGEPEOR anti body or antigen

bi ndi ng fragnent present at a concentration of 1.3 micronolar in the

har maceut i cal |y accept b s nyation i dffected Syar imihoaltBuit polyplprides
e oarty b 5@%@%@@%&%%& R A O
EI ﬁdetg thgrlh\ljﬁan a@l%;%@%m%hfgﬁis restg% )spol 8% @%‘Eéﬂfﬁfﬂﬁﬁﬁ&s

puri fied i munogl phgFLiddRRUYBE Rirhalated) rae t%%btﬂﬁﬁobh@ﬂidi&tefdr@gﬁﬁmlnéﬁ‘Sf eof

of claim 35 wherein the inhibition of res?enoas i s nedi ated "by. the

i nhibition of neojedéptoEphosplivryhativnand dimerisation, dhd.by ilhibitjo off PDGF-mediated
i mmunogl obul i n pol ypeptide or an antigen binding fragnent thereof of claim

35 wherei n the i nmitogeylesibthiemopais/ aahmighation of celly displayingsthe daman FRGF 2ype
beta receptor on the cell surface. Nucleic acids encoding the immunoglobulin

polypeptides are also included in the invention. The immunoglobulin polypeptides

have diagnostic and therapeutic uses.
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50 - 38. The purified i munogl obul i n pol ypeptide or antigen binding
fragment of claim 35, wherein said innungflobulin pol ypepti de or fragnent
further conprises a non-hunan conplenenﬂ ity determ ning region and a
human framewor k region.. 39. The purified inmunogl obulin

pol ypepti de or antigen binding fragnme f i m38, further conprising the
-repl.acenent ..of =resrdoes— TSt W t he -
conplenentar]t . =TT Eﬁﬂg o gl obul i n pol ypept.i de

or antigen 5%%.”ﬂﬂnﬁn gt posé 8 ,antigen recognition. 40.

A phar maceut conprising.a pount t he i munogl obul i n

ol ypeptide or a t#p n bi ﬂg fr/a t %?ﬁ;%ff clains 35-39 that is
t her apeuti calf/y~gf Tegtiv nhi\bi est\eNos/ s, tgge r ot a

phar maceut i lﬁé acceptabl e carrier. 41.

conpositio BWhm 40, wherein the I mmunogl obul i n pol ypeptide or antigen
bi ndi ng fk hereof is prepared for admnistration via |iposones.

42. TheTH f ap-ipmuno bulin ypeptide or aptjgen binding fragnent
t her eof asp§ clvai NN a DZ of Bka' s {12, 85, 38 or 39 and a
phr maceut i dal | y'~§ctept ablie ri 1Ot uf P rg of a medi canent for

treati ng a PDGF nﬁ&“@@gy)disease I nvolving proliferation, mgration or
chenotaxi s §f snooth mnuscle cells. . .
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43. "The use of an I mmunogl obul i n pol ypeptide or antigen binding fragnment
thereof as clainmed in 42, wherein the PDG-- nedi at ed di sease is sel ected

fromthe group consisting of: a) rest enosi s; b)
vascul ar proliferative phenonmena aRf8fi brosis; - C) prevention of
vascul ar narrowi ngs in vein grafts; .
51 d) prevention of vascul ar narrowi ngs due to accel erated

- snmooth nmuscle cell mgration and proliferation in transplanted organs; and
e) nonvascul ar fibrotic processes. 44. Use according to claim
43, wherein the PDGF-nedi ated di sease i s restenosis. 45. An
I sol ated cell line designated as ATCC No. HB10938.

“FIG.2A
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46. A nonocl onal anti body expressed by cell line ATCC No. HB10938.

47. A nethod for detecting human BPDG--R-receptor in a physiol ogical
sanple, conprising the steps of preparing the sanple and exposing the
sanple to a purified inmunoglobulin pMypeptide or a fragnent thereof
according to'any of claims 1,2,12,13,14 or 15 and thereafter detecting the
presence of the i munogl obulin pol ypeptie or fragnent bound to said

[err] PDG-- R receptor. 48. A substantially purified

i mmunogl obul i n pol ypeptide or antigen binding fragment thereof, which

bi nds specifically to the human the [err] PDGF- R, wherein binding of the

pol ypepti de or fragnent inhibits the binding of PDG-F BB.to the PPDGF-R in
vitro in CHO cells that express the extracellular domain of the

[err] PDG--R or the full-length [err] PDGF-R wi th the i munogl obul in
pol ypeptide or antigen binding fragment present at a concentration of 10
nanonol ar foll owed py 1 nanegram of - i gand per, 500 mcroliters.

49. A substantig Our i.f i e | InsYl obul i n ﬁ%lypeptide or antigen binding
f ragnment t her €} the human the [err] PPDG-- R
wher ei n bi nding §

97 —

<—~80 kDa
- FIG 2B

200 —

97 —

45 —
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52 or fragment inhibits PDG--induced [err]PDG-- R phosphorylation in vitro
i n baboon snmooth nuscle cells with the i munogl obulin pol ypeptide or
antigen binding fragnent present at a concentration of 2 nanonolar foll owed
by 100 nanograns per mlliliter of PDG- BB. 4/8 50. A substantlally
purified i munogl obulin pol ypeptide or antigen binding fragnent thereof,

whi ch binds specifically to the human the pPDGF-R, wherein bindi ng of the
pol ypeptide or fragnment inhibits PDG--induced dimerization of BPDG--R in
vitro in CHO cells that express the extracellular domain of the [err] PDGF-R
or the full-length [err]PDGF-R with the i mmunogl obulin polypeptide or

ant.i gen-bi ndi.ng fragnment present at a concentration of 13 nanonol ar

foll owed by 100 nanogranms per milliliter of PDG- BB. 51. A
substantially purified i munggd obulin pol ypeptide or antigen binding
fragnent thereof, which binds $pecifically to the human [err] PDG-- R,
wherei n binding of the pol ypeptide or fragnment inhibits PDGF-induced
mtogenesis in vitro in baboon snDoth nmuscle cells with the i munogl obul in
pol ypeptide or antigen bindi ng{ffilagnent present at a concentration of 1 nM
in the presence of 5 ng/m PDGH 52. A conp05|t|on conpri sing

a nonocl onal anti body or blﬂdl{e fragnent thereof as clainmed in claim16
that binds to human type bet 80T receptor, which antibody or fragment
inhibits in vivo binding of PD{§/BB or AB to the receptor. 53.
Use of an anti-PDG- recep®r anf/podyrjor antigen binding fragnment thereof,
which inhibits binding o PDGH{ ¥b t & JPDG- receptor for the preparation of
a nmedi canment for use in g rjj :
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i nhi birti ng a PDGF-nedi ated di sease selected fromthe group consisting of:

53 a) rest enosi s; b) vascul ar
proliferative phenonena and fi brosis; c) vascul ar

narrowi ngs in vein grafts; d) vascul ar narrow ngs due to
accel arated snooth nuscle cell m grat iR and

proliferation in transplanted organs; and . e) nonvascul ar
fibrotic processes. 54. Use -according to claimb53, wherein said
anti body is an anti-PDGF- beta receptor anti body. 55. Use of

anti - PDGF receptor antibody, or antigen binding fragnent thereof, which
i nhibits binding of PDGF to the PDGF receptor for the preparation of a
medi canment for administration to a nmanmmal prior to an acute vascul ar
injury, vein graft or organ transplantation.
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56. = Use according to claimb55, wherein the vascular injury is due to

pl aque renoval . 57. Use according to claimb56, wherein said
pl'aque renopval conprises angiopl asty or atherectony. 58. Use of
an anti-PDGF receptor antibody, or antigef®binding fragnent thereof, which
I nhibits binding of PDG- to the PDGF receptor for the preparation of a
medi canent for adm nistration to a mammal subsequent to an acute vascul ar

injury, vein graft or organ transpl antation. 59. Use accordi ng
to claimb58, wherein the vascular injury is due to plaque renoval.
54 60. Use according to claimb59, wherein said plaque renoval

conpri ses angi opl asty or atherectony.
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61. "MUBe according to any one of cl-ai ms 53-60 wherein said anti body is an

an_‘t'i - PDGF- beta receptor anti body. 7 62. Use according to any one
of clainms 53-61, wherein said anti bod§/ i s a nonocl onal anti body.
63. Use according to claim62, wherein said nonoclonal is a chineric
ant i body. © 64. Use according to clains 63, wherein said chinmeric
antibody is a humani zed antibody. . 65. Use according to any one
of clains 5348800apherei n said antibody is a single chain-e48508ody.
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