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The present application relates to highly concentrated anti-
body and protein formulations with rcclucccl viscosity that
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administration. The apphcauon further descnbes articles oi:
manufacture containing such formulations ancl methocl for
usin them to treat disorders trcatablc by thc formulated
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Anti-IgE Antibodies: Light Chain (VL and CL Domains)

E25

E26

Hu-901

10 20 40 50 60 70 80

DIQLTQSPSS LSASVGDRVT ITC(RASKPIVD SEGDSYIAN]WY QQKPGKAPKL LIY[AASYLES] GVPSRFSGSG SGTDFTLTIS

"N"'"RN'SEEN'SK~ "S'tt'SESS'. S"""'*'"""'"

E25

E26

Hu-901

90 100 110 Cz starts
SLQPEDPAI'Y YC IQQSHSDPY TI PGQGI'KVEI KR- VAI PSVPIPPPSDEQLKSGTASWCLLNNPYPREI KVQHKVDNALQSGNSQESVTEQD

SLQPEDPATY YCIQQSHEDPY I']PGQGTKVEI KRT VAIIPSVPIPPPSDEQLKSGI'ASWCLLNNPYPREAKVQEKVDNALQSGNSQESVTEQD

gLgPEDFABY YC QQ~S ~T FGQGTKVEI KRT VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD

E25

E26

Hu-901

SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

FIG. IOA
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E25

E26

HLI-901

Anti-IgE Antibodies: Heavy Chain (VH and CH Domains)
10 20 30 40 50 a 60 70 80 90

EVQLVESGGG LVQPGGSLRL SCARES~TRIT S GYSWNWSIRQ APGKGLENVA SSITYDGSTNY NPSVKGSRITI SRDDSKNTPY LQAWSLRAED

EVQLVESGGG LVQPGGSLRL SCANS~GREET S GYSWNWSIRQ APGKGLEWVA SSITYDGSTNY NPSLKGSRITI SRDDSKNTPY LQNNSLRAED

"O'Wl ' '. ' ll'W""'~RIIG RPUPDN"W"

E25

E26

Hu-901

100 110ab 120 Cs starts
TAVYYCAR[GS HYFGHWHFAVI WGQGTLVTVSS ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSS

TAVYYCAR[GS HYFGHWHFAV] WGQGTLVTVSS ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSS

TAVYYCAR IPIS H~NY~DYFDY WGQGTLVTVSS ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSS

E25

E26

HLI-901

VVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNli&VDGVE

VVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVE

VVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVE

E25

E26

Hu-901

VHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWE

VHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWE

VHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE

E25

E26

Hu-901

SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

FIG. 10B
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HIGH CONCENTRATION ANTIBODY AND
PROTL'IN irLIRMULATIONS

[0001] This apphcauon is a non-provuuonal application
claiming pnonty to provisional application Serial No.
fifi'4/i0,659, bled Apr 4, 2003, the contents of which are
incorporated herein by rcfi:rcnce.

BACKGROUND OF THE INVENTION

[0002] 1. Field of thc Invention

[0003] This invenuon pertains io highly concentrated for-
mulations of anubodies, which are parucularly suitable for
subcutaneous administration The invention further provides
stable, highly concentrated (e.g, BI 00 mgiml protein) liq-
uid formulations

[0004] 2. Description of the Related Art

[0005] There is a signiiicant demand Jor highly concen-
trated liquid anubody formulauons. However, hi hly con-
centrated protein formulations pose several problems. One
problem is instability clue to the formation of particulates.
With reconstituted lyophilized preparations to generate hq-
uid formulations, this problem has been addrcsscrl throu h
the usc of surfactants (c.g., a polysorliatc), but surfactants
are unsuitable Jor hquid Jormulations, because they rentier
further processing dillicult. Moreover, surfactants further do
not reduce the increased viscosity caused as a result of
numerous intermolecular interactions from the macromo-
lecular nature of antibodies.

[0006] Although surfactants have liccn shown to signifi-
cantly rcrlucc thc rlc rcc of particulate formation of proteins,
they do nol address the problem of increased viscosity that
mal es dilficult the manipulauon anti administrauon of con-
centrated antibody formulations. Antibodies tenrl to fnrm
viscous solutions at high concentration because of their
macromolecular nature anil pomntial for intermolecular
interactions. Morcovcr, pharmaceulically acceptable sugars
arc often uscrl in large amounts as stabilizers. Such sugars
can enhance lhe intermolecular inieracuons, thereby increas-
ing the viscosity ol: the formulation. Highly viscous formu-
lations are difficult to manufacture, draw into a syringe and
inject subcutaneously I'he use of force in manipulating the
viscous formulations leads to cxccssivc frothing, which can
lead to dcnaturation and inactivation of active biologics.
Satisfactory solution of this problem is lacking.

[0007] W'bile the prior art inihcates numerous example of
excipienls that can be suitably employed to create pharma-
ceutical formulations, very few proteins have been success-
fully formulated above 100 mg ml, or have techniques for
doing so been dcscribcrl.

[0008] Applicants have rliscovercrl that Arginine, specifi-
cally Argimne-HCI is particularly suited I'or hi hly concen-
trated hquid protein or antibody formulanons.

[0009] Stable isotonic lyophilized protein formulations are
disclosed in P«T publication WO 97 04801, published on
Feb. 13, 1997, thc cntirc disclosure of which is hcrcby
cxprcssly incorporated by rcfcrencc. Thc disclosed lyo-
philized formulations can be reconstituted to generate high
protein-concentrauon liquiii formulanons without apparent
loss of stability. However, the poienual issues associated
with the high viscosity of the reconstituterl formulations are
not addressed. Protein aggregation has been reduced previ-

ously through thc addition of sugars, but rloing so can
ilramaucally increase lhe viscosity and osmolarity, thereby
remlering processing aml use impractical.

[0010] Applicants co-pending application U.S. Ser. No.
09/971,511, tiled Oct. 4, 2001 rliscloscs hi h protein con-
centration, bul low viscosity Jormulations achieved. I)
through low pH (about 4.0 to 5.3); 2) hi h pH (about 6.5 to
12 0), or 3) increasing the total rome strength of the formu-
lation liy the addition of salts or buffers However, while
incrcascd ionic strcn th does dccrcasc the viscosity of thc
formulation (such as with NaCI), it may also result in
incrcascd turbidity of thc solution, ivhich is often associated
with the formahon of. protein parncles (e g., aggregation).
Thus an optimal high concentrauon protein Jormulation
must overcome challenges of stability, viscosity, osmolarity
and turbidity.

SUMMARY Ol'III'NVENTION
[Ufill] The present invention concerns highly concen-
trated protein or antibody formulations that are stable, and of
low viscosity and turiiidity

[0012] In particular, lhe present invenuon concerns highly
concentrated antibody formulations of low turbidity com-
pnstng protein or antibody (100-260 mgiml), hislidine (10-
100 mM), arginine-H('I (50-Z(NI mM) and polysorbate
(0 01%-0 ISA), having a pl i of 5 5-7 0, a viscosity of SO cs
or less and osmolarity front 200 mOsm kg-450 mOsmii
Alternatively, thc protein or antibody in thc formulations can
range from 120-260 m ml, alternatively 150-260 mg,'ml,
alternatively 180-260 mg/ml, allernauvely 200-260 mg'mi
protein or anubody. Alternanvely the osmolaniy ranges
from 2SO mOsm I g-350 mOsmil g Alternatively, the con-
centration of arginine-II('I ranges from 1(NI-200 mM, alter-
natively 150-200 niM, altcrnativcly 180-200 mM

[0013] Alternanvely, the present invenuon concerns a

highly concentrated antibody formulations of low turbidity
comprising antibody (40-ISO mg/ml), histirline (JO-J(NJ
mM), sugar (c.g., trchalosc or sucrose, 20-350 mM) and
polysorbate (O.OIc/c-0.156).

[0014] In a parucu Jar embodiment, lhe invention provides
a formulation containmg high concentrauons of large
molecular weight proteins, such as antibodies or immuno-
globulins. The antibodies may, for example, be antibodies
rhrcctcrl against a particular prcdetcrmincd antigen. In a
spccific aspect, the anti cn is I E(c.g., rhuMAbE-ZS, rhuM-
AbE-26 descnbeif in U.S. Pal. No. 6,329,509 and WO
99/01556). Alternauvely, lhe anti-I E anubody can be CGP-
5101 (Hu-901) descnbed m Come et al., I. CAn. Inir il.
99(S)'79-887 (1997), WO92(17207, and A'I I'«J)eposit
Nos. 13RI.-107(ffi and ll I30, 11131, 11132, 11133 Alterna-
tively, thc antigen may include: thc CD proteins CD3, CD4,
CD8, CD19, «DZO, CD34 and CD40; members of thc HER
receptor family such as EGF receptor, HER2, HER3 or
HER4 receptor, 2C4, 4D5, PSCA, LDP-2, cell adhesion
molecu les such as LFA-1, Macl, p1 SO, 95, VLA4, ICAM-J,
VCAM and nv J33 integrin includmg the n- anil 33-subunits
thereof (e g, anti-«Olla, anti-CD18 or anti-(.'JIJ Jb anti-
bodies), growth factors such as VEGF; blood group anti-
gcns; fik2iflt3 receptor; obesity (OB) rcccptor; mpl rcccptor,
CTLA-4, and protein C.

[0015] The formulations of the present invenuon mav be
pharmaceutical formulations In a specific aspect, the for-
mulation is delivered suticsttaneously. Regeneron Ex. 2019 
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[0016] In yct another cmbodimcnt, thc invention provides
a methoxl for the treatment, prophylacuc or therapeutic, of a
disorder treatable by the protein or anubody formulated,
comprisin administering the formulations disclosed herem
comprisin a therapeutically effective amount of the protem
or antiborly. Such formulations arc particularly useful for
subcutaneous administration In a specific aspect, thc disor-
der is an I E-mediated disorder. In yct a further specific
aspect, the IgE-mexhated disorxier is aller nc rhinitis, asthma
(e, allergic asthma and non-allergic asthma), atopic der-
matitis, allergic gastroenteropathy, hypersensitity (e.g, anal-
phylaxis, urticaria, food allergies etc ), allergic bronchopul-
monary aspergillosis, parasitic discascs, interstitial cystitis,
hyper-IgE synrlromc, ataxia-tclangicctasia, Wiskott-Aldrich
syndrome, thymic alymphoplasix, IgE myeloma and graft-
versus-host reaction.

[0017] In yet another embodiment, the invenuon provides
an article of manufacture comprising a container enclosing
a fomiulation disclosed herein In one aspect, the article of
manufacture is pre-Iillcd syringe. In yet another spccihc
aspect, thc prc-filled syringe is further containing v ithin an
in)ection device. In yet another spec&lie aspect, the injection
device is an auto-in)actor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. I J lydrophobic interaction chmmatography
of a pepsin digested anti-IgL'onoclonal antibody Samples
were formulate(i at rliffcrcnt pH and buft'ers: (0) 20 mM
Acetate, (6) Z(t mM Succinatc, (4) 20 mM NaxHPO4(V) 20
mM K PO4 aml (4) 20 mM Trw buifer. The samples were
stored at 3(t' I:or 6 months.

[0019] FIG. 2 Size exclusion chromatography of an anti-
IgE nionoclonal antibody stored at 4(t'. for 6 months.
Samples were formulated at dilferent pH and buffers. (0) 20
mM Gluuimate, (0) 20 mM Acetate, (6) 20 mM Succinate,
( ) 20 mM Hisudine, (k) 2(l mM NacHPO4, (V) 20 mM
K PO4 and ( ) 20 mM Tris buffer

[0020] FIG. 3. Activity of an anti-IgE monoclonal anti-
body stored at 30'. for 6 months. Samples were formu-
lated at different pH aml buffers. (~ ) 2(l mM Acetate, (6) 20
mM Succinate, ( ) 2(l mM Histidine, (4) 2(J mM
Na IIPO4, (V) 2(l mM K PO4 anti (') 20 mM Tris l&uifer

[UUZI] IrIC. 4. El(acts oi: Polysorbate 20 on turbidity oi:
the stressed anu-IgE monoclonal antibody. Samples contain
100 mg/ml antibody, 20 mM Succinate, 192 mM Trehalose
and various amounts of polysorbate 20 at pll 6.0 The
polysorbate concentrations are (5) 0, (4) 0 01'/os (~ ) 0.02474

and (6) 0.05o/o.

[0022] IrIG. 5. Turbidity oi: an anti-IgE monoclonal anu-
body at -15(l mg/ml with different excipients (4) (.'aCI„
(xy) MgCJ and (6) Arginine-I I('I

[0023] IrIC. 6. Turbixlity of anti-IgE monoclonal antibody
at 150 mg/ml with various excipients. The samples were
stored at (4)-7(l', (5) 2-8'.'., (6) 1 5', ( ) 30'1 and
(57) 40'

[0024] IrIG. 7 Hydrophobic interaction chromatography
analyses of. papain digested anh-IgE monoclonal antibody.
Samples were Jormulated at — ISO mg/ml with various of
excipients and stored at (V)-7(J''., (8) 2-8''., (4) 15''.,
(6) 3(l'. anti ( ) 40'.

[0025] FIG. 8. Size exclusion chromatography of anti-IgE
monoclonal antiboxlv at 150 mg/ml &n (8) 200 mM arginine-
HCJ, 23 mM histidine, pH 6.0 (4) 182 mM erg&nine-HCI, 20
mM histidine, pl i 6.0 (~ ) 182 mM arginine-HCJ, 2(l mM
histidine, 91 mM sucrose, pH &i(J ( ) 5(l mM Mg('I, 27
m iml trehaiose, 0.01~&o acctatc, (6) 5(l mM MgC1„30 mM
MgAc, (J.01% acctatc, and (()) 5(l mM MgClc, 45 mM
MgAc, 0.01% acctatc. Samples werc stored at 30'. for 6
months.

[0026] Irl(% 9. Hydrophobic interachon chromatography
analyses of papain digested anti-IgL'onoclonal antibody
The samples shots were formulated in (8) 200 mM arginine-
H('I, 23 mM histidinc, (4) 182 mM argimnc-HCI, Z(J mM
histidine, (~) 182 mM ar ininc-HCI, 20 mM histidinc, 91
mM sucrose, ( ) 50 mM MgCL,27 mgiml trehalose,0 Olo/4,

acetate, (6) 50 mM MgClc, 30 mM MgAc„0.01o&o acetate
anil (O) 50 mM MgClx, 45 mM MgAcc, 0.01o/x. acetate.
Samples &vere stored at 3(l'. for 6 months

[0027] FIG. 10 She&vs a comparison of the full-length
scqucnccs both variable anil constant chains) of thc anti-IgE
antibodies E25, E26 anti Hu-901. Thc CDR regions of
Hu-901 is shown by umlerline. For E25 and E26, the CDR
regions as delined by Chothia are shown in boldi ace, while
the ('.DR region as defined by Kabat are delmeated with
brackets FI&'L JOA shows the light chain sequences of L25,
L'26 and I lu-9(ll (SLQ ID NOS 1-3), while FIG. IUB shows
thc hcavy chain scqucnces of E25, E26 and Hu-901 (SEQ ID
NOS:4-6).

DETAILED DESCRIPTION OF THE
P8 El'L'RRL'D L'M I JO DIM EN T

[0028] I. Deliniuons

[0029] By "protein'* is meant a sequence of amino acids
for which the chain length is sutyicient to produce the higher
lcvcls of tertiary and or quaternary structure. Thus, proteins
arc distin uished from "pcptirlcs" which arc also amino
acid based moleculcs that do not have such structure.
Typically, a protein for use herein w&11 have a molecular
weight oi: at least about 15-2(t kD, preierably at least about
2(l kD

[0030] L'xamples of proteins encompassed withm the defi-
nition herein include mammalian proteins, such as, e
growth hormone, including human rowth hormone and
bovtne growth hormone, growth hormone releasing factor,
parathyroid hormone, thyroid stimulann ~ hormone, lipopro-
teins, xx-l-anutrypsin, insulm A-chain, insulin B-chain, pro-
insulin; follicle stimulatin hormone; calcitonin; luteinizing
hormone; glucagon; clotting factors such as factor VJJJC,
factor IX, tissue factor, and von Willcbrands factor; anti-
clotting factors such as Protein C; atrial natriurctic factor;
lung surfactant; a plasminogen achvator, such as urolonase
or tissue-type plasminogen activator (t-PA, e.g, Activase&8&,

TNKase , Retevaseg&), bombazine; thrombin; tumor necro-
sis factor-rx and -Jl; enkephalinase; RANI'L'S (regulated on
activation normally T-cell expressed and secreted); human
macrophagc inflammatory protein (MIP-I-rx); serum all&u-

min such as bun&an serum albumin; mullcrian-inhibitin
substance; reiixin A-chron, relaxin B-chain; prorelaxin,
mouse gonadotropin-assocuited peptide, DNase, &nb&bin,

activin, vascular endo&belial growth lector (VEGF); recep-
tors for hormones or groxvth factors; an integrin; protein A
or D; rhemnatoid factors; a neurotrophic factor such as Regeneron Ex. 2019 
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bone-derived neurotrophic factor (BDNF), ncurotrophin-3,
-4, -5, or -6 (NT-3, NT4, NT-5, or NT-6), or a nerve growth
factor such as NGF-fi, platelet-de»ved growth factor
(VI?HI'); hbroblast growth factor such as al'Gl'nd bl'Glq
epidermal growth factor (L'Gl'); transforming growth factor
(TGF) such as TGF-rx and TGF-0, including TGF411, TGF-
()2, TGF413, TGF-04, or TGF-05; insulin-like growth fac-
tor-I and -H (IGF-I anti IGF-H); dcs(1-3)-IGF-I (brain IGF-
I), insulin-like growth factor bindin ~ proteins, CD proteins
such as CD'3, CD4, CD8, CD19 and CD20, erythropoietin
(LPO); thrombopoietin (FVO); osteoinductive factors,
immunotoxins; a hone morphogenetic protein (13MP); an
interferon such as intcrfcron-rx, 43, aml -7, colony stimulat-
in factors (CSFs), c.g., M-CSF, GM-CSF, and G-CSF,
intcrlcukins (ILs), c.g., IL-I to IL-10; superoxidc dismutasc,
T-cell recap)or&, surlace membrane proteins, decay acceler-
aung factor (DAF), a viral antigen such as, for example, a
portion of the AIDS envelope; transport proteins; homing
receptors; addressins; regulatory proteins; immunoadhesins,
antibodies; and biologically active fragments or variants of
any of thc above-listcxl polypcptidcs.

[003(] The protein which is lormulated is preferably
essentially pure and desirably essentially homogeneous (i.e.
free from contaminating proteins). "Essentially pure'ro-
tein means a composition comprising at least about 90% by
weight of the protem, based on total weight of the compo-
sition, prcfi:rably at kast about 95~&r by weight. "Essentially
homogcncous" protein means a composition comprising at
least about 99c/o by weight of protein, based on total wei ht
of the composiuon.

[0032] In certain cmbodimcnts, thc protein is an antibody.
Thc antiborly may hind to any of thc above-mcntioncd
molcculcs, for cxamplc Exemplary molecular targets for
antibodies encompassed by the present invention include
IgE, the CD proteins CD'3, CD4, CD8, CD19, CD20, CD34
and ('l)40; members of the HL'R receptor family such as
L'Gl'eceptor, IIL'R2, IIL'Rfi or IIL&R4 receptor; 2c4, 4135,
PSCA, I.l)V-2, cell adhesion molecules such as I.l'A-l,
Macl, p150, 95, VLA-4, ICAM-I, VCAM and»v& 03 intc-
grin including thc os and (3-sul&units thereof (e.g., anti-
CDlla, anti-CD18 or anu-C:Dllb antibodies); growth fac-
tors such as VEGF, blood group an»gens, fikZ fit3 receptor,
obesity (013) receptor; mpl receptor, (1)1.A-4, and protein
C

[0033] Adiliuonal anubodies thai can be made with the
formulation described herein include those that specilically
biml to the anugenic targets disclosed in ihe lollowing patent
applications: U S Ser No 10 177,488, filed 19 Jun 2002,
U.S. Ser. No. 09/888,257, filed 22.lun. 2(N)l; U.li. Ser. No.
09,&929,769, filed 14 Aug. 2001; U.S. Ser. No. 09&938,418,
file 23 Aug. 2001; U.S. Scr. No, 10 241,220, filed 11 Sept.
2002; U.S. Ser. No. 106331,496, lilexi 30 Dec. 2002, U.S.
Ser. No. 10&125,166, liled 17 Apr. 200&, U.S. Ser. No.
10 127,966, liled 23 Apr. 2002, U.S. Ser. No. 10 272,051,
filed 16 Oct. 2(K)2; U S S No. 60/299,500, tiled 20 .Iun.
2001; U S S No C&0/3(K),880, filed 25.lun. 200); U S S No.
60&301,880, fikd 29 Jun. 2001; U.S. S No. 60/304,813, filed
11 Jul. 2001; U.S. S No. 60 312,312, file 13 Aug. 2001,
U.S. S No. 60 314,&80, iiled 22 Aug. 2001, U.S. S No.
60/323,&68, liled 18 Sept. 2001, U.S. S No. 60&339,»7,
liled 19 Oct 2(K)1; U.S. S No 60&336,827, tiled 7 Nov. 2001,
U.S. S No. 60/331,90(&, filed 20 Nov. 2001; U.S. S No.
C&0&354,444, tiled 2 Jan 2002; U S S No 60&351,885, filed

25 Jan 2002; U.S. S No. 60 360,066, filed 25 Fcb. Z002;
U.S. S No. 60/362,004, liled 5 Mar. 2002, US. S No.
60,'366,869, liled 20 Mar. 2002, U.S. S No 60,'366,284, liled
Zl Mar 2002; U SS No. (iO&368,C&79, filed &28 Mar. Z(K)2;
U.S. S No Cifi/3Ci9,724, filed 3 Apr. 2002; U 8&. S No
60/373,160, filed 16 Apr. 2002; U.S. S No. 60,'378,885, filed
8 May 2002; U.S. S No. 60&404,809, tikd 19 Aug. 2002;
U.S. S No. 60405,645, filed 21 Aug. 2002; U.S. S No.
60/407,087, liled 29 Aug. 2002, U.S. S No. 60&413,192, liled
23 Sept. 2002, U.S. S No. 60&419,008, iiled 15 Oct. 2002,
U S S No. &&04Z(i,847, filed 15 Nov Z(K)2, U S S No
60/431,250, filed Ci Dec. 2002; U S S No ()0/437,344, filed
31 Dcc. 2002, U.S. S No. 60&414,9? I, tikd 2 Oct. 2002, U.S.
S No. 60&418,988, filcxl 18 Oct. 2002 and Docket No.
PRS035, filed 5 Fcb. 2003,

[0034] The term "anubody'* as used wherein includes
monoclonal antiboxlies (mcluihng lull length antibodies
which have an immunoglobulin I c region), antibody com-
positions with polyepitopic specificity, multispecific anti-
bodies (c, bispccific antibodies, diabodics, and singlc-
chain molccules, as well as antibody fragments (c.g., Fab,
F(ab'), and Fv). The term 'mmunoglobultif* (Ig) m used
interchangeably with "antibody'erein.

[0035] Thc basic 4-chain antibody unit is a hctcrotet-
ramcric glycoprotcin composed of two identical light (L)
chains and two identical heavy (H) chains An IgM antibody
consists of5 of. Ihe, basic heterotetramer unit along with an
axlxhtional polypephde calleil a J chain, anil contains 10
antigen binding sites, &vhile IgA antibodies comprise from
Z-S of the basic 4-chain units &vhich can polymerize to form
polyvalent assemblages in combination with thc J chain. In
thc case of IgGs, the 4-chain unit is gcncrally about 150,000
daltons. Each L chain is linkcrl to an H chain by onc covalent
ihsuliide boml, whde the two H chains are linked to each
other by one or more disullide bomls depending on the H
chain is»type. Each I I and 1. chain also has regularly spacerl
intrachain disulfide bridges. Lech II chain has at the N-ter-
minus, a variable domain (V») followed by three constant
xlomains (C») for each of thc o anil 7 chains and four Cii
xlomains for /i and e. isotypcs. Each L chain has at thc
N-terminus, a va»able domain (Vg followed by a constant
domain at its other end. The V, is ahgnexl with the V» anti
the C, is aligned with the hrst constant domain of the heavy
chain (C»l) Particular amino acid residues are believed to
form an interface bet&veen the light chain anti heavy chain
variable domains. The pairing of a V» anti Vt togcthcr forms
a sin lc antigen-bindin site. For thc structure anil properties
of the diiferent classes of. antibodies, see e.g., Basic arid
C/i»ical Immarto)ogs 8th Edition, Daniel P. Sues, Abbe I.
Terr and I'ristram G Parsolw (eds), Appleton dx I.ange,
No&walk, Conn, 1994, page 71 and Chapter Ci

[0036] The L chain from any vertebrate species can be
assigned to one of two clearly disunct types, callexi kappa
anti lambda, based on the amino acid sequences of their
constant domains Depending on the amino acid sequence of
the constant domain of their heavy chains (('ll), immuno-
globulins can l&c assi ncxl to xlilkrent classes or isotypcs.
Thcrc arc fiv classes of immunoglobulins I A, IgD, IgE,
IgG and IgM, having heavy chains desi nated xx, b, e,, and
,a, respectively. The i aml B classes are further divixiexi into
subclasses on the basis of relauvely minor dillerences in the
CI I sequence and function, e.g, humans express the follow-
ing subclasses IgG I, lgGZ, IgG3, Ig(i4, IgAI and IgA2. Regeneron Ex. 2019 
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[0037] Thc term "vanable'cfcrs to thc fact that certain
segments of the venable domains difier extensively in
sequence among anubodies. The V domain mediates antigen
bindin and defines the specificity nf a particular antibody
for its particular antigen. However, the variability is not
evenly distributed across the cntirc span of thc variable
domains. Instead, thc V rc ions consist of rclativcly invan-
ant strctchcs calle(1 framework regions (FRs) of about 15-30
amino aciil residues separated by shorter regions of extreme
vanability called "hypervanable regions" or sometimes
"complementarity determining regions'* (CDRs) that are
each approximately 9-12 aminn acid residues in length The
variaiile domains of native hcavy and light chains each
comprise four FRs, largely adopting a (3-sheet configuration,
connected by three hypcrvariable regions, which form loops
connecting, and in some cases forming part ol, the (I-sheet
structure. The hypervanable regions in each chain are held
together in close proximity by the Irks anti, ivith the hyper-
varialile regions from the other chain, contribute to the
formation of the antigen binrling site of antibodies (see
Kabat ct al.,Sequences ofProreins ofluwiwioiogicuilurer-
etr, 5th Ed. Public Health Service, National Institutes of
Health, Bethesihh Md. (1991). The constant domains are not
involveil directly in bintiing an annbody to an anugen, but
exhibit various effector functions, such as participation of
the antibody dependent cellular cytotoxicity (AD('C)

[0038] The term "hypervanable region'* (also knoivn as
"complementarity determining regions*'r CDRs) when
used hcrcin refers to thc amino acid residues of an antibody
which arc (usually three or four short rc iona of cxtrcmc
sequence variability) within the V-region domain of an
immunoglobulin which form the anu en-bmdmg site and
are the main determinants nf antigen specificity 17tere are at
least two methods for identifymg the CDR residues (I) An
approach based on cross-species sequence variability (i e.,
Kabat ct al.,Sequences ofProreins ofluwiwioiogicuilurer-
etr (National Institute of Health, Bethesda, MS 1991); and
(2) An approach based on crystallographic stuihes of anti-
gen-anubody complexes (Chothia, C. et al., l. iMvl. Bi«i.
19(i 901-917 (1ih57)) However, to the extent that two
residue identihcation techniques define regions nf overlap-
ping, but not identical regions, they can be combined to
tlctine a hvbrid CDR.

[0039] Thc term "monoclonal antibody" as used hcrcin
refers to an antibody obtained from a popuHstion of substan-
tially homogeneous anubodies, i.e., the inrhviilual antiboti-
ies compnsing the populauon are identical except for pos-
sible naturally occurnng mutations anti/or post-translation
modihcations (e g., isomerizations, amirlatinns) that may be
present in minor amounts. Mnnoclonal antibndies are highly
specific, bein thrcctctl a ainst a sin lc anti enic site Fur-
thermore, in contrast to conventional (polyclonal) antibody
preparanons which typically include different antibodies
directed against diilerent determinants (epitopes), each
monoclonal antibody is directed against a single determinant
on the antigen In addition tn their specificity, the mono-
clonal antibodies are arlvantageous in that they are synthe-
sized iiy thc hybrirloma culture, uncontaminated by other
immuno lobulins. Thc morlificr "monoclonal'* indicates thc
character of the antibody as being obtained from a substan-
tially homogeneous populauon of antibodies, and is not to be
construeil as requiring production of. the annboily by any
particular method I'or example, the monoclonal antibodies
to be used in accordance with the present invention may be

made by the hybridoma nicthotl first dcscnbcd by Kohler ct
al., Nurnre, 256. 49S (1975), or may be made by recombi-
nant DNA methods (aee, e.g., U.S. Pat. No. 4,816,567). The
"monoclonal antibodies** may also be isolated from phage
antibody libraries using the techniques descnbed in Clack-
son ct al., Nunrre, 352:624-628 (1991) and Marks ct al., J.
Mol. Biol., 222:581-597 (1991), for cxampk

[0040] The monoclonal annbodies herein specilically
include "chimeric'ntibodies (immunoglobulins) in which
a portion of the heavy and,ror light chain is idenhcal with or
hum«i«gnus to corresponding sequences in antibodies
derived frnm a particular species or belonging to a particular
antibody class or subclass, while thc rcmaindcr of thc
chain(s) is(are) identical with or homologous to correspond-
ing sequences in annbodies denved I rom another species or
belonging to another annbody clam or subclass, as weil as
fragments of such antibodies, so ion ~ as they exhibn the
desirerl biniogical activity (U.S Pat No 4,816,567; Morri-
son et al., I'roc. Veri. Aced fiici. UBA, 81:6851-(iRSS (1984))
Chimcnc antibodies of intcrcst herein inclutlc "primitizcd'ntibothcs

coniprisin variable domain antigen-bindin
sequences tienved Irom a non-human pnmate (e.g., Old
World Monl ey, Ape etc.) anti human content region
sequences.

[0041] An *'intact** antibody is one which comprises an
antigen-binding site as ivell as a ('I. and at least the heavy
chain domains, C«1, C«2 and Cii3. Tile constant domains
may be native scqucnce constant domains (c g., human
native sebquence constant domains) or amino ac«I sequence
variants thereof.. Preferably, the intact antibody has one or
more effector functions.

[0042] An *'antibody fragment*'omprises a portinn nf an
intact antibody, preferably thc antigen hinting aml or thc
variable region of thc intact antibody. Examples of antibody
Iragments include Fab, Fab', F(ab') and Fv fragmenhu
ihabodies, linear antibodies (see U.S. Pat. No. 5,641,870,
Example 2, Zapata et al., Protein Eng. 8(10): 10S7-1062
[1995]); single-chain antibody molecules and multisltecific
antibodies formed from antibody fragments

[U043] Papain ihgestion of anubodies produced two iden-
tical antigen-binding fragments, called "Feb*'ragments, anti
a residual "I'c** fragment, a desi nation refiecting the ability
to crystallize readily 'lite I ab fragment consists of an entire
I. chain along ivith the variable region domain nf the I I chain
(Vrgh and thc first constant domain of onc hcavy chain
(( irl). Each Fab fragment is monovalent with rcspcct to
antigen bimhng, i.e., it has a sin le anngen-binding s«e.
Pepsin treatment of. an antibody yields a single large F(ab')a
fragment which roughly corresponds to two disulfide linkerl
I'ali fragments having different antigen-binrling activity anil
is still capable of cross linking antigen I'ab'ragments difi'er
from Fab fragnients by having a fcw additional rcsiducs at
thc carboxy terminus of the (ml domain including onc or
more cysteines from the annbody hinge region. Fab«SH is
the designation herein for Fab'n which the cysteine res&-

due(s) of the cnnstant domains bear a free thiol grnup
I'(ab') antibody fragments ori inally ivere produced as pairs
of I'alq frag(«eats ivhich have hin e cysteines between them
Other chemical couplings of antibotly fra ments are also
known.

[0044] 'I'he I'c fraginent comprises the carboxy-terminal
portions of linth H chains held together by disulfides. The Regeneron Ex. 2019 
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cffector functions of antibochcs arc determined by scqucnces
in the Fc region, the reg&on which &s also recognizecl by Fc
recep&ors (FcR) louml on cer&ain types of cells.

[0045] "Fv's the m&nimum anubody fragment whmh
contains a complete anugen-reco miuon and -binding site.
'I'his fragment consists of a dimer of one heavy- and one
light-chain variable region clomain in tight, non-covalent
association I'rom the folcling of these two domains emanate
six hypervariblc loops (3 loops each from thc H and L chain)
that contril&utc thc amino acid residues for antigen binding
and confer anugen hinting speciiicity &o the ant&hotly. How-
ever, even a single venable domain (or half of an Fv
comprising only three CIJRs specific for an antigen) has the
ability to recognize encl bind antigen, although at a in&ver

aftinity than the entire binding site

[0046] '*Single-chain I'v*'lso abbreviated as "sl'v** or
"scl'v*'re antibody fragments that comprise the VI I and VI.
antibocly domains conncctcd into a sin lc polypeptide chain.
Preferably, thc sFv polypeptide further comprises a polypcp-
t&de hnker between the Vii and Vc domains which enables
the sFv to form the desired structure for an&igen binding. For
a review of. the sFv, see Pluckthun in The Plirir&itucology v/'&&nocir&neiAcid&odkes, vol 113, Rosenburg and Moore
eds, Sprin er-Verlag, New York, pp 2(i9-31S (1994).

[0047] The term "diabodies" refers to small antibody
fragments prepared by constructing sltv fragments (see
prccccling paragraph) with short linkcrs (about 5-10) rcsi-
clucs) bc&wc& fl tile V&& and Vc domains such that inter-chain
but not intra-chain pairing of the V domains is achicvcd,
&hereby resulung in a b&valent fragment, i.e., a fragment
having two anugen-binding sites. BLspec&fic cliaboches are
heterodimers of two "crossover*'l&v fragments in which the
Vu and Vc domains of the two antiboclies are present on
cliffcrent polypcpticlc chains. Diabodics are clcscribcd in

rester detail in, for cxamplc, EP 404,097; WO 93/11161,
Hollingcr ct al., Proc. Nur( Aced. 5ci. (JSA 90: 6444-6448
(1993).

[0048] An antibocly that "specificall binds to" or is "spc-
ciiic for" a part&cular polypeptide or an epitope on a par-
t&euler polypeptide is one that binds to that particular
polypeptide or epitope on a particular polypeptide without
sulistantially binding to any other polypeptide or polypep-
tide epitope

[0049] Th term "solid phase*'escribes a non-aqueous
matrix to which the antibocly of the present invention can
adhere. Examples of solid phases cncompasscd hcrcin
incluclc those formed partially or entirely of lass (c
con&rolled pore glass), polysacchandes (e.g., agarose), poly-
acrylamides, polystyrene, polyvinyl alcohol and silicones. In
certain embodiments, clepending on the context, the sohd
phase can comprise the well of an assay plate; in others it is
a purification column (e.g, an afiinity chromotography
column). This term also includes a discontinuous solid phase
of discrctc particles, such as those described in U.S. Pat No.
4,275,149.

[0050] "Humanized" forms of non-human (e.g., murinc)
antibodies are chimenc &mmunoglobulins, immunoglobul&n
chams or fragments thereof (such as Fv, Fab, Fab', F(ab')a or
other antigen-bind&ng subsequences of annbodkes) of mostly
human sequences, which contain minimal sequence derived
from non-human immunoglobulin I'or the most part,

humanized antibodies arc human immunoglobulins (recipi-
ent antibody) in which residues from a hypervariable region
(also CDR) of the rccipicnt arc rcplaccd by rcsiclucs from a

hype&var&able region of. a non-human spec&es (donor anu-
body) such as mouse, rat or rabbit having thc dcsircd
speciiicity, alhnny, and capacity. In some instances, Fv
framework region (I'R) residues of the human immunoglo-
bulin are replaced by corresponcling non-human residues.
I'urthermore, "hmnanized antibodies*'s used herein may
aLso comp&&se residues which are found neither &n the
rec&pient antibody nor the donor antibody I'hese modifica-
t&ons are made to further retine and optimize antibocly
performance. Thc humanized antibody optimally also will
comprise at least a portion of an immuno lobulin constant
region (Fc), typicallv that of a human immunoglobulin. For
further deka&ls, see Jones et al., Nurure, 321:522-525 (1986),
Remhmann et al., Nurme, 332.323-329 (1988), and Pres&a,
Cnrr. &7p Srrucr Rioi, 2 593-596 (1992)

[0051] A "species-dependent antibody", c g. a mammalian
ant&-human IgE anubody, &s an ant&body which has a stron-
ger b&ming allin&&y for an antigen Irom a iirst mammalian
species than it has fiir a homologue of that anugen Irom a
second mammalian species. Normally, the species-depen-
dent antibody "hind specifically" to a human antigen (i e,
has a binding aifinity (Kd) value of no morc than about
lx10 M, altcrnativcly no morc than about lxlO ',
alternanvely no more than about lx10 M) bu& has a
binding affinity for a homologue of the anugen from a

secoml non-human mammalian spec&es wh&ch &s at least
about SO fold, at least about 500 fold, or at least about 10(kl
fold, vvaker than it binding affinity for the non-human
ant&gcn. The species-dcpcndcnt antibody can bc of any of
thc various types of antiboclics as dcfincd above, but pref-
erably &s a humamzed or human antibody.

[0052] Antibody "effector functions*'efer to those bio-
logical activities attributable to the I c region (a native
scqucncc Fc region or aniino acid scqucncc variant Fc
rc ion) of an antibody, and vary with the antibody isotypc.
Examples of ant&boclv effector funcuons include: Clq bincl-
ing encl complement dependent cytotoxicity; Fc receptor
binding; an»body—dependent cell-mediated cytotoxicity
(AIJCC); phagocytosis; down regulation of cell surface
receptors (e g, 13 ceil receptors); and II cell activation

[0053] "Antibody-clepemlent cell-med&ated cyto&oxicity'*
or ADCC refers to a form of cytotoxicity in wh&ch secreted
Ig bouml onto Fc receptors (FcRs) present on certain cv&o-

toxic cells (e.g, natural killer (NK) cells, neutrophils ancl

macrophages) enable these cytotoxic effector cells to bincl
specificall to an anti en-l&eanng target cell and subsc-
qucntly kill the target cell with cytotoxins. Thc antibodies
"arm'he cytotoxic cells and are requ&red for k&lling of &he

target cell by this mechanism. The primary cells for mad&-

sung ADCC, NK cells, express FcyRIH only, whereas
monocytes express Fc(RI, l&c,RII and I c, RIII I'c expres-
sion on hematopoietic cells is summanzed m Table 3 on
pa c 464 of Ravctch encl Kinet, Anm& Rei: J»nnnnol. 9:
457-92 (1991). To assess ADCC activity of a molcculc of
interest, an in vitro ACDD assay, such as that descnbed in
U.S. Pat. No. 5,500,362 or 5,821,337 may be perlormecl.
Useful effector cells for such essays include penpheral blood
mononuclear cells (PI3MC) and natural killer (NK) cells
Alternatively, or additionally, AIJ('C activ&ty of the mol- Regeneron Ex. 2019 
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ccxtie of interest may bc assessed in vivo, c.g., in an animal
model such ak that disclosed in Clynes et al., Pa/AS USA
95.652-656 (1996).

[0054] '*I c receptor'* or "I cR*'lescribes a receptor that
iiinds to the I c region of an antibody. 'I'he preferred I cR is
a native sequence human FcR. Morcovcr, a prefcrrcd FcR is
one kvhich binds an IgG antiliody (a gamma receptor) anil
includes reccptors of thc Fc/RI, Fc/RII, and Fc/RIII sub-
classes, including allehc vanantk and el/amatively spliced
forms of. these receptork, Fc7RII recap/ore include Fc7RIIA
(an "activating receptor**) anil I'c;RIIB (an '*inhibiting
receptor**), which have similar amino acid sequences that
differ primarily in the cytoplasmic domains thereof Acti-
vating rcccptor Fc) RIIA contains an immunorcccptor
tyrosinc-based activation motif (ITAM) in its cytoplasmic
domain. Inhibiung receptor FcyRIIB contains an immunore-
ceptor tyrosine-based inhibihon motii (ITIM) m itk cyto-
plasmic domain (see M. Dacron, iiriuu Iiev. Inumuio/
15 21I3-234 (1997) I cks are reviewed in Ravetch and
Kinet, Auuu I/cv. Irnimmo/ 9 4S7-92 (I')')I); ('apel et al.,
Iuunmiouie(hodr 4: 25-34 (1994); and de Haas ct al.,J Lub.
C/iu. it/ed. 126: 330-41 (1995). Other FcRs, including those
to be identilie&l in the iuture, are encompasseil by the term
"FcR'erein. The term also includes the neonatal receptor,
licRn, ivhich is responsible for the transfer of maternal IgGs
ni the fetus Guyer et al,./ Unimmo/ 117 587 (t976) and
Kim et al, ./ Immurio/ 24 249 (1994)

[0055] "Human cft'cctor cells" arc leukocytcs which
cxprcss onc or morc FcRs and perform cifcctor functions.
Prelerably, the cells express ai least Fi7RHI and perform
ADCC effector funcuon. Examples oi human leukocytek
which mediate ADCC include peripheral blood mono-
nuclear cells (PIIMC), natural killer (NK) cells, monocytes,
cytotoxic 'I'ells and neutrophils, with PBMCs and MNK
cells being prcferrcd. Thc cffcctor cells may bc isolatcrl from
a native source, c, blood.

[0056] "Complement depeniient cyiotoxicity'f "CDC"
refers to the lysis of a target ceil in the presence of
complement Achvauon of the classical complement path-
way is initiated hy the binding of the first component of the
complement system (Clq) to antibodies (of the appropriate
subclass) which arc bounrl to their co nak anti en To
assess complement activation, a CDC assay, e.g., as
descnbed in Gazzano-Santoro ei al., J. Innniino/. Mc/hoCh
202. 163 (1996), may be performed.

[0057] "Isolate&I'* when ukeii to descmbe the various
polypeptides and antibodies disclosed herein, means a

polypeptide or antdiody that has been identified, separated
andior recovered from a component of its prorluction cnvi-
ronmcnt. Prcfcrably, thc isolated polypcptirlc is frcc of
association with all other components from itk production
environmenh Contaminant components of its production
environment, such as that resulung irom recombinant trans-
fected cells, are materials that woukl typically interfere with
diagnostic or therapeutic uses for the polypeptide, and may
include enzymes, hormones, and other prokinaccous or
non-proteinaccous solutcs. In prcfi:rrcd cmbodimcnts, thc
polypeptide will be punlied (I) to a degree suihcient to
obtain at least 15 residues of N-terminal or internal amino
acid sequence by use of a spinning cup sequenator, or (2) to
homogeneity by SDS-PAGL unrler non-reducing or reduc-
ing conditions using Coomassie blue or, preferalily, sdver

stain Ordinarily, howcvcr, an isolated polypcptidc or anti-
body will be prepared by at least one punlicanon step.

[0050] An "isolated" nucleic acid molecule encodin ~ the
polypeptides and antibodies herein is a nucleic acid mol-
ecule that is identitied and separated from at least one
contaminant nucleic acid molecule with which it is ordi-
narily associated in the cnvironmcnt in which it was pro-
iluce&l Preferably, the isola/eel nucleic acid ik free of asso-
ciation with all components associated with the production
environment. The isolated nucleic acid molecules encoding
the polypeptides and antibodies herein is m a form other than
in the form or setting in ivhich it is found in nature. Lsolaterl
nucleic acid molcculcs therefore are rlistinguishcd from
nucleic acid encoding thc polypcptides anil antibodies herein
exikttng naturally in cells.

[0059] The term "control sequences" refers to DNA
sequences necessary for the expression of an operably linkerl
coding sequence in a particular host orgamsm. The control
sequences that are suitable for prokaryotes, for example,
include a proniotcr, optionally an operator scqucncc, aml a
ribosome binding site. Eukaryotic cells arc known to utilize
promoters, polyarlenylahon signals, and enhancers.

[0060] Nucleic ac«l is "operably linked" when it is placed
into a functional relationship with another nucleic acirl
sequence For example, DNA for a presequence or secretory
lcadcr is operably linkerl to DNA for a polypcptidc if it is
cxprcssed as a prcprotcin that participates in thc sccrction of
the polypeptide, a promoter or enhancer ik operably linked
to a coiling sequence if it el(acts the transcnpuon oi the
sequence, or a nbosome binding kite is operably linked to a

coding sequence if it is positioned so as to facilitate trans-
lation. Generally, "operably linked'* means that the DNA
scqucnccs bein linked arc contiguous, and, in the case of a
sccrctory leader, contiguous and in rearing phase However,
enhancers do not have to be conhguouk. Linking is accom-
plished by hgahon at convenient restnchon sites. If such
sites ilo not exist, the synthetic oligonucleoude adaptors or
hnkers are used in accordance ivith conventional practice

[0061] Thc term "epitopc taggcrl'hen uscrl hcrcin rcfcrs
to a chimenc polypephde compmsin ~ a polypephde or
antiboily ilekcnbed harem i used to a "tag polypeptide'. The
tag polypeptide has enough residues to provide an epitope
against which an antibody can be made, yet is short enough
such that it does not interfere with activity of the polypeptide
to which it is fused. Thc tag polypcptidc prcfcrably also is
fairly unique so that the antibody docs not substantially
cross-react with other epitopes. Suitable tag polypeptides
generally have at least six amino acid residues and usually
between aliout S and 50 amino acid residues (preferably,
between about 10 and 211 amino acid residues)

[0062] Ak used harem, the term 'mmunoadhestn" desig-
nates antiboriy-like moleculek which combine the binding
speciiicity of a heterologous protein (an "adhesin") with the
effector functions ot imlnunoglobulin constant rlomains
Structurally, the immunoadhesins comprise a fusion of an
amino acid sequence ivith thc dcsircrl binding specificit
which is other than thc antigen recognition anil binding site
of an antibody (i.e., is "heterologouk"), and an immunoglo-
bulin constant domam sequence. The adhekin part oi an
immunoadhesin molecule typically ik a connguous amino
acid sequelice comprisin at least the hmdmg site ot a
receptor or a ligand 'I'he immunoglobulin constant domain Regeneron Ex. 2019 
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sequence in the immunoarlhcsin may bc obtaincrl from any
immunoglobulin, such as IgG-I, IgG-Z, IgG-3, or IgG-4
subtypea, IgA (including IgA-I and IgA-2), IgE, IgD or
IgM 'I'he Ig fusions preferably include the substitution of a
domain of a polypeptide or antibody rlescribed herein in the
place of at least onc vanablc region within an Ig molecule.
In a particularly prcfcrrcrl embodiment, the immunoJvobultn
fusion inclurlcs thc hin c, CHZ and CH3, or thc hin c, CHI,
CH2 and CH3 regions of an IgGI molecule. For the pro-
duction of immunoglobulin fusions see also U.S. Pat. No.
5,426,13(I issued Jun 27, 1996

[0063] A "stable" formulation is onc in which the protein
therein esscntiafly retains its physical and chemical stability
and integrity upon storage. Various analytical techniques for
measuring protein stability are available in the art and are
reviewed in Pep/itic and Protein Drng Deiiverv, 247-301,
Vincent I.ee Ed., Marcel I)ekker, Inc, New Yiirk, N Y.,
Pubs (1991) and .Iones, A. zidv Drug De/i i err Rei I(l
29-9(t (1993). Stability can bc mcasurcd at a selected tcm-
pcraturc for a selcctcd time period. For rapid scrccning, thc
forniulation may bc kept at 40'. for 2 weeks to I month,
at which time stability is measured. Where the formulation
is to be stored at 2-6'., generally ihe formulauon should
be stable at 30' or 4II' for at least I month and/or stable
at 2-It'. for at least 2 years Where the formulation is tn be
stored at 30'., generally the formulation should be stable
for at least 2 years at 30'. and or stable at 40'. for at
least 6 months. For cxamplc, thc cxtcnt of aggregation
during storage can be used as an mdicator of protein
stabihty. Thus, a "stable'ormulation may be one wherein
less than about IOr~r, and preferably less than about 6'i~ of the
protein are present as an aggregate in the formulation In
other embodiments, any increase in aggregate formation
rluring storage of the formulation can lic dctcrmincd.

[0064] A "reconstituted*'ormulation ts one whmh has
been prepared by dissolving a lyophihzed protein or anti-
iiody formulation in a rliluent such that the protein through-
out. The reconstituted formulation is suitable for adminis-
tration (eg parenteral administration) to a patient tn lie
trcatcd with the protein of intcrcst and, in certain embodi-
ments of thc invention, may bc onc which is suitable for
subcutaneous administration.

[0065] An "isotonic" formulauon is one which haa essen-
tially the same osmouc pressure as human blood. Isotomc
formulations will generally have an osmotic pressure from
about 260 to 3SO mOsm The term "hypotonic'* describes a
formulation with an osmotic pressure below that of human
blood. Corrcsponrhngly, thc term "hypertonic" is used to
describe a formulation with an osmotic prcssure above that
of human blood. Isotonmity can be measured using a vapor
pressure or ice-Ireezing type osmometer, for example The
formulations of the present invention are hypertonic as a
result of the addition of salt anil/or buffer

[0066] A *'reconstituted** formulation is one which has
iieen prepared by dissolving a lyophilized protein formula-
tion in a diluent such that thc protein is dispcrscd in thc
reconstituted formulation The reconstituted formulation is
suitable for administration (e.g. parenieral tulministration) to
a patient to be treated with the protein of interest and, in
certain embodimenhs of the invenuon, may be one whmh is
suitable for subcutaneous administration

[0067] A "pharmaceutically acceptable acid*'ncludes
inorganic and organic acids which are non toxic at the

concentration and nianncr in which they arc formulated. For
example, suitable inorgamc acids incltule hydrochloric, per-
chloric, hyrirobromic, hydroiodic, nitwc, sulfuric, sulfonic,
sulhnic, sulfanilic, phosphoric, carbonic, etc Suitable
organic acids include straight and branched-chain alkyl,
aromatic, cyclic, cyloaliphatic, arylahphatic, hctcrocyclic,
saturated, unsaturated, mono, di- and tri-carboxylic, includ-
in for cxamplc, formic, acetic, Z-hydroxyacctic, trifluoro-
aceuc, phenylaceuc, trimethylaceuc, t-butyl acetic, anthra-
nihc, propanoic, 2-hydroxypropanoic, 2-oxopropanoic,
propandioic, cyclopentanepropionic, cyclopentane propi-
omc, 3-phenylpropionic, butanmc, butandioic, benzoic,
3-(4-hydroxybcnzoyl)benzoic, Z-acctoxy-benzoic, ascorbic,
cinnamic, lauryl sulfuric, stearic, muconic, mandclic, suc-
cinic, cmbonic, fumaric, maiic, malcic, hydroxymalcic, mal-
omc, lactic, carne, terrene, glycolic, glyconic, gluconic,
pyruvic, glyoxalic, oxalic, mesylic, succinic, salicylic,
phthalic, palmoic, palmeic, thiocyanic, methanesulphonic,
ethanesulphonic, I,Z-ethanedisulfonic, 2-hydroxyethane-
sulfonic, benzenesulphonic, 4-chorobenzenesulfonic,
napthalcnc-2-sulphonic, p-toluencsulphonic, camphorsul-
phonic, 4-mcthylbicyclo[2.2.2]-oct-2-cnc-l-carboxylic, glu-
coheptonic, 4,4umethylenebis-3-(hydroxy-Z-ene-i-car-
boxylic acid), hydroxynapthoic.

[0060] "Pharmaceutically-acceptable bases*'nclude inor-
ganic and organic bases ivere are non-toxic at the concen-
tration and manner in which they are formulated. I'or
cxamplc, suitable bases include those formed from inorganic
base forming metals such as lithium, sodium, potassium,
magnesium, calcium, ammonium, iron, zinc, copper, man-
ganese, aluminum, N-methylglucamine, morpholine, pipen-
dine and organic nontoxic bases inclurhng, primary, second-
ary and tertiary amine, substituted amines, cyclic amines and
basic ion exchange resins, [e.g, N(IO)z (where II's inrle-
pcndcntly H or Ci,i alkyl, e., ammonium, Tris)], for
cxamplc, isopropylamine, trimethylaminc, rhcthylaminc, tri-
ethylamine, tnpropylamine, ethanolamine, 2-diethylamino-
ethanol, titmethamine, dicyclohexylamine, lysine, arginine,
histidine, cafFeine, procaine, hydrabamine, choline, betaine,
ethylenediamine, glucosamine, methylglucamine, theobro-
mine, purines, piperazine, piperidine, N-ethylpiperidine,
polyaminc resins and thc like. Particularly prcfcrred organic
non-toxic bases arc isopropylaminc, dicthylaminc, cthano-
lamine, trimethamine, dicyclohexylamine, choline, and caf-
feine.

[UU69] Ariditional pharmaceuucally acceptable acids and
bases useable with the present invention include those which
are derived from the amino acids, for example, histidine,
glycinc, phenylalaninc, aspartic acid, glutamic acid, lysinc
and asparaginc.

[UU70] "Pharmaceutically aixeptable'uifers and salts
include those derived Irom both acid and base addiuon salts
of the above indicated acacia aiul bases Specilic bulfers and
or salts include histidine, succinate and acetate

[0071] A "lyoprotectant'* is a mnlecule which, when com-
bined with a protein ot'nterest, significantly prevents or
rcduccs cheniical andior physical instabihty of thc protein
upon lyophilizauon and subsequent storage. Exemplary lyo-
protectanta include sugars and their corresponriing sugar
alchohols, an amino acid such as monosothum glutamate or
histidine; a methylamine such as lietaine; a lyotropic salt
such as magnesimn sulfate; a polyol such as trihydric or Regeneron Ex. 2019 
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hi hcr molecular weight sugar alcohols, c.g. glycerin, rlcx-
tran, erythntol, glycerol, arab«ol, xylitol, sorbitol, and man-
nitol; propylene glycol, polyethylene glycol, Plurontcstgt,
and combinations thereof Additional exemplary lyopro-
tectants include glycenn and gelatin, anil the sugars melh-
biosc, mclczitosc, raflinosc, mannotriosc anil stachyosc.
Examples of reducing su ars include glucose, maltose,
lactose, maltulosc, iso-maltulosc and lactulosc. Examples of
non-reducing sugars include non-reducmg glycosides of
polyhydroxy compounds selected irom sugar alcohols aml
other straight chain polyalcohols Preferred sugar alcohols
are monoglycosides, especially those compounds obtained
by reduction of disacchamdcs such as lactose, maltose,
lactulose and maltulosc. Thc lycosidic side roup can bc
either glucosidic or galactosidic. Additional examples of
sugar alcohols are glucitol, maliitol, lacutol anti iso-maltu-
lose. The preierred lyoprotectani are the non-retiucing sug-
ars trehalose or sucrose

[0072] The lyoprotectant is added to thc prc-lyophihzcd
formula«on in a "lyoprotecung amount" which means that,
following lyophilizauon of the protein in the presence of the
lyoprotecting amount of the lyoprotectant, the protein essen-
tially retains its physical anil chemical stability anil integrity
upon lyophihzation and storage.

[0073] In prepanng the reduced viscosity formulations of
the invention, care should be taken using the above enu-
merated exciptents as well as other additives, especially
yvhcn arldcrl at high concentration, so as to not increase the
viscosity of thc formulation.

[0074] A "pharmaceutically acceptable sugar'* is a mol-
ecule which, yvhen combinerl with a protein of interest,
significantly prevents or rcduccs chemical andior physical
instability of thc protein upon storage. When thc formuLation
is intended to be lyophihzeti anti then reconstitutetl, "phar-
maceuucally acceptable sugan" may also be known as a
"lyoprotectant*i Exemplary sugan anti their corresponding
sugar alcohols includes an amino acid such as monosodium
glutamate or histidine, a methylamine such as betaine, a

lyotropic salt such as magnesium sulfate; a polyol such as
trihydric or higher molecular weight sugar alcohols, c
glycemn, dextran, erythntol, glycerol, arabitol, xylitol, sor-
bitol, and mann«ol, propylene glycol, polyethylene glycol,
Plurontcstg, and combinauons thereof. Additional exem-
plary lyoprotectants include glycerin and gelatin, and the
sugars mellibiose, melezitose, raffinose, mannotriose and
stachyose. Examples of reducing sugars include glucose,
maltose, lactose, maltulosc, iso-maltulosc and lactulosc.
Examples of non-reducing sugars inclurle non-retlucing gly-
cosides of polyhydroxy compounds selectetl from sugar
alcohols and other straight chain polyalcohols. Preferred
sugar alcohols are monoglycosides, especially those com-
pounds obtained by reduction of disaccharides such as
lactose, nialtosc, lactulosc and maltulosc. Thc glycosirlic
side group can bc either glucosidic or alactosidic. Addi-
tional cxamplcs of sugar alcohols arc glucitol, maltitol,
lachiol and iso-maltulose The preierred pharmaceutically-
acceptable sugars are the non-reducing sugars trehalose or
sucrose.

[0075] Pharmaceuucally acceptable su ars are added to
the formulation in a "protecung amount" (e.g. pre-lyo-
philization) which means that the protein essentially retains
its physical and chemical stability and integrity during
storage (e.g, after reconstitution anil storage)

[0076] The "diluent" of intcrcst herein is onc which is
pharmaceutically acceptable (safe and non-toxic for admin-
istration to a human) and is useful ior the preparation oi a

hqutd formulation, such as a formulation reconstttuterl after
lyophihzation. Exemplarv diluents include sterile water,
bactcnostatic water for injection (BWFI), a PH bufl'crcd
solution (c., phosphate-buflcred saline), stcrilc saline solu-
tion, Ringer's solution or dcxtrosc solution. In an alternative
emboriiment, diluents can mclude aqueous soluuons of salts
anrlior buffers.

[0077] A '*preservative*'s a compound which can be
added to the formulations herein to reduce bacterial activity
The addition of a preservative may, for example, facilitate
thc production of a multi-usc (multiple-rlosc) formulation.
Examples of potential preservativcs inclurlc octadccyldim-
ethylbenzyl ammonium chio«de, hexamethonium chio«de,
benzall onium chio«de (a mixture of alkylbenzykhmeihy-
lammoniutn chlorides in tvhich the alkyl groups are Iong-
chain compounds), and benzethonium chlonde. Other types
of preservatives include aromatic alcohols such as phenol,
butyl and benzyl alcohol, alkyl parabcns such as methyl or
propyl parabcn, catcchol, resorcinol, cyclohcxanol, 3-pen-
tanol, and m-cresol. The most preierred preservative herein
is benzvl alcohol.

[0078] '* I'reatment*'efers to both therapeutic treatment
and prophylactic or preventative measures. 'I'hose in need of
treatment include those already with the disorder as well as
those in which thc disorrlcr is to be prcvcntcrl.

[0079] "Mammal'* for purposes of treatment rcfcrs to any
animal clast«lied as a mammal, including humans, domestic
anil farm animals, and zoo, sports, or pet animals, such as
dogs, horses, rabbits, cattle, pi s, hamsters, gerbils, mice,
ferrets, rats, cats, etc Preferably, the mammal is human

[0080] A *'disorder'* is any condition that would benefit
from treatment with thc protein. This includes chronic and
acute disorders or diseases including those pathological
conditions which predispose the mammal to the disorder in
quesuon. Non-hmiting examples of disorders to be treated
herein include carcinomas and allergies.

[0081] A "therapeutically cffcctive amount" is at least thc
minimum concentration required to cifcct a mcasurablc
improvement or prevention of a particular disorder. Thera-
peuucally elfective amounts of I nown proteins are well
known in the art, while the elfecuve amounts of proteins
heremafter discovered may be determined by stanrlarrl tech-
niques which are well tvithin the skill of a skilled artisan,
such as an ordinary physician.

[UU82] "Vtscos«y'* as usetl herein may be "kinematic
viscosity*'r *'absolute viscosity.**'*Kinematic viscosity*'s a
measure of the resistive flow of a fluid under the influence
of gravity. When two fluids of equal volume are placed in
identical capillary viscomcters and allowcrl to flow by
gravity, a viscous fluid takes longer than a kss viscous fluid
to flow through ihe capillary. If one fluid takes 200 seconds
to complete its flow and anoiher fluid takes 4(y(l seconds, the
secoml fluid is twice ws viscous as the lirst on a kinematic
viscosity scale. "Absolute viscosity*', sometimes called
dynamic or simple viscosity, is the product of kinematic
viscosity and fluid density:

Aaavtutc Vtt ottq=iOacatatw Vttcottty Dcattty Regeneron Ex. 2019 
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[0083] Thc dimension of kinematic viscosity is L:T
where L is a length an&I T is a ume. Commonly, lonemauc
viscosity is expressed in cenustokes (cSt). The SI unit of
kinematic viscosity is mm',ts, which is I cSt. Ahsnlute
viscosity is expressed in units of centipoise (cp) 'I'he SI unit
of absolute viscosity is thc milliPascal-second (mPa-s),
ivhcrc I cp=l mPa-s.

[0084] An "anuhistamine*'s used herein is an agent that
antagonizes the physiological el(act oi histamine. The bantl-
ing of. histamine to its receptors, H, and H. results in the
characteristic allergic symptoms anil effects or itching, red-
ness, swellin etc. Many antihistamines act hy blocking the
binding of histamine to its rcccptors, Hl, H2; however
others arc believed to opcratc by inhibiting the rclcasc of
histamine. Examples of anuhistamines are chlorphe-
niramine, diphenhydramine, promethazine, cromolyn
sodium, astemizole, azatadine maleate, bropheniramine
maleate, carhinoxamine maleate, cetirizine hydrnchloride,
clemastine fumarate, cyprnheptadine hydrochloride, dex-
bronipheniraminc malcate, dcxchlorphcniramine maicatc,
rlimcnhydrinate, diphenhyrlraminc hydrochloride, doxy-
lamine sutx:taste, fexoiendadine hydrochloride, terphena-
dine hydrochloride, hydroxyzine hydrochlowde, loraudine,
meclizme hydrochlonde, tnpelannamine citrate, tnpelen-
namine hydrochloride, triprolidine hydrnchloride.

[0085] A "bronchodilator'* asused herein, describes agents
that antagonizes or rcvcrscs bronchoconstriction, a physi-
olo ical cvcnt that occurs typicafly in carly phase asthmatic
reacuons resulung in decreased lung capacity and shortness
of breadth. Example bronchodilators inclurle epinephrine, a
broad acting alpha and beta-adrenergic, and the beta-adren-
ergics alhulerol, pirhuterol, metaproterennl, salmeterol, and
isoetharine Bronchodilatinn can also he achieved thrnugh
adniinistration of xanthincs, including aminophylline and
theophyflinc.

[0086] A "glucocorucoiil" as used herein descnbes steroi-
dal based agents having anu-inflammaiory acitivity. Gluco-
corticoid are commonly used to attenuate late phase asth-
matic reaction L'xample glucncorticoids include,
prcdnisonc, bcclomcthasonc dipropionate, triamcinolone
acctonidc, flunisolirlc, betamcthasonc, budcsonide, dcxam-
ethasone, fludrocortisone acetate, flunisolidc, fluticasone
propionale, hydrocortisone, methylprednisolone, predntso-
lone, prednisone and tnamcinolone.

[0087] A *'non-steroidal anti-inflammatory drug** or
"NSAID*', as used herem describes agents having anti-
inflammatory activity that arc not stcroidal based. Example
NSAID's include acetaminophen, aspirin, bromfcnac
sodium, diclotenac sodium, ddlunisal, etodolac, fenoproien
calcium, flurbiproien, ibuproien, iiulomeihacin, ketoprofen,
meclofenamate sodium, mefenamic acid, nabumetone,
naproxen, naproxen sodium, oxyphenhutazone, phenylbut-
zone, piroxicam, sulindac, tolmetin sodium

[0088] H. Modes for Carrying out thc Invention

[0089] A Polypeptide and Antibody Preparation

[0090] Thc following description rclatcs primarily to pro-
duction of. Ihe polyepudes or anubodies described herein by
cullunng cells transformed or transiecled with a vector
containing nucleic acid encoding the same and punlication
of the resulting protein or antibody It is, of course, contem-
plated that alternative methorls, which are well known in the

art, may bc employed to prepare such polypcptidcs or
antibodies. For instance, such sequences, or poruons thereof,
may be produced by direct pepude synthesis using sohd-
phase techniques [see, e, Stewart et al, Sinhd-Phase
Peptide 51)vdhesis, W I I lrreeman ('o, San I'ranciscn, ('alif
(1969); Mcrrificld, J. Atn. Ciicm. Soc., SS 2149-2154
(1963)]. In vitro protein synthesis may bc pcrformcd using
manual tcchniqucs or by automation. Automated synthesis
may be accomplished, for instance, using an Applied Bto-
systems Peptide Synthesizer (Foster City, Calif.) using
manufacturer's instructions. Various portions nf the prnteins
or antibodies described herein may be chemically synthe-
sized separately and combine(1 usin chemical or enzymatic
mcthorls.

[0091] 1. Isolation of DNA Encodin thc Proteins
Dcscribcd Herein

[0092] DNA encoding the proteins described herein may
be obtained Irom a cDNA library prepared from tissue
beheveii to possess the correspomhng mRNA and io express
it at a detectable level Accordingly, such human protein-
encoding DNA can be conveniently obtained frnm a cDNA
hhrary prepared from human tissue, such as described in the
Examples. The protein-encoding gcnc may also bc obtained
from a genomic library or Iiy knoivn synthetic proccdurcs
(e g., automated nucleic acitl synthesis).

[0093] Libraries can Iic scrcencd with probes (such as
oligonuclcotidcs of at least about 20-80 bases) rlcsigncd to
identiTy lhe gene of interest. Screening the cDNA or
genomic library with lhe selecte&I probe may be coniiucted
using standard procvdures, such as descrdied in Sambrook et
aL, Moiecniar Cionuig 4 tuhorutory Munnai (New York
Cold Spring I iarixir I.ahoratory Press, 1989) An alternative
means to isolate thc gene encoding the rlcsircrl gcnc is to usc
P('R methodology [Sambrook ct al, supra; Dicflcnbach et
el., PCR Pti meri 4 Lrthor ntvrv Mu nun i (Cold Spring Harbor
Laboratory Press, 1995)].

[0094] The Examples Iiclow describe techniques for
scrccning a cDNA library. Thc oligonuclcotidc scqucnccs
selecteii as probes should be of sutiicient length and sutfi-
cienlly unambiguous that false posiuves are minimizeii. The
oligonucleotide is preferably labeled such that it can he
detected upon hybridization to DNA m the library being
scrccncd. Methods of labeling arc well known in thc art, and
include thc usc of rarliolaiicls like '-labclcrl ATP, biotiny-
lation or enzyme labclin . Hybridization conditions, includ-
ing moderate stringency and high stnngency, are provided in
Sambrook el al., supra.

[0095] Scqucnccs identificrl in such library scrccnin
methods can be compared anil aligned to other known
sequences deposued anil available in publm databases such
as (lenbank or nther private sequence databases Sequence
identity (at either the amino acid or nucleotide level) within
dehned regions of the molecule or across the full-length
scqucncc can be dctermincrl using mcthorls known in thc art
and as described herein.

[0096] Nucleic acid having protein coding sequence may
bc obtained l&y screcnin selcctcd cDNAor genomic librar-
ies using thc deduccrl amino acid sequence discloscrl herein
Ior the first time, aml, if necessary, using conventional
pnmer extension proceilures as descwbed in Sambrook et al.,
supra, to tie(act precursors an&I processing intermediates of
mRNA that may not have been reverse-transcribed into
cDNA Regeneron Ex. 2019 
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[0097] 2. Sclcction and Transformation of Host Cells

[0098] Host cells are transiecied or transformed with
expression or cloning vecton containing the proteins or
antibodies descrfi&ed herein for production and cultured in
conventional nutrient media modified as appmpriate for
inducing promoters, sclccting transformants, or amplifying
thc enes cncoilin the ilcsircd sequences. The culture
comhtions, such as meiha, temperature, pH and the like, can
be selected by the skilleil artisan without undue expenmen-
tation. In general, principles, protocols, anil pracucal tech-
niques for maximizing the productivity of cell cultures can
be found in Ma»miahau Cell Bivrecluivlvgy A I'iacvcal
Apprvacli, M. Butler, cd. (IRL Press, 1991) and Sambrook
et al., supra.

[0099] Methods of eukaryotic cell transfection and
prokaryotic cell transformation are known to the ordinarily
skilled artisan, for cxamplc, CaCI, CaPO„ liposomc-mc-
iliated anil elcctroporation. Dcpcnding on thc host cell used,
transfom&ation is pcrformcd using stanilaril techniques
appropriate to such celLs. The calcium treatment employing
calcium chloride, as describeii in Sambrook et al., supra, or
electroporatinn is generally used for prokaryotes. Infection
with Agr&&barreriuiu iumefameus is used for transformation
of certain plant cells, as described by Shaw ct al., Gene,
23;315 (1983) and WO 89i05859 published 29 Jun. 1989.
For mammalian cells without such cell walls, thc calcium
phosphate precipitauon method of Graham anil van der Eb,
(fiolvifii 52.456-457 (1978) can be employeil. General
aspects of mammalian cell host system transfections have
been described in U S Pat No 4,399,216 Transformations
into yeast arc typically carnC(l out accordin to thc mcthoil
of Van Solingcn et al., J. Baci., 130;946 (1977) and Hsiao ct
al., Proc. Narl. Aced. Sci (USA), 76:3829 (1979). Hov ever,
other methods for introducing DNA mto cells, such as by
nuclear microinjection, electroporation, bacterial protoplast
fusion with intact cells, or polycations, e g., polybrene,
polyornithine, may also be used. I'or various techniques for
transforming mammalian cells, see Keown et al., &M erlmds ui
Ertzyutolvgt, 185:S27-537 (1990) aml Mansour ct al.,
Narure, 336:348-352 (1988)

[0100] Suitable host cells for cloning or expressing the
IJNA in the vectors herein mclude prokaryote, yeast, or
hi hcr cukaryote cells. Suitable prokaryotcs incluilc but arc
not limitcil to cubactcri&, such as Gram-nc ativc or Gram-
poaiuve organisms, for example, Enterobacteriaceae such as
E. rvli. Various E. rvli strains are publicly avmlable, such as
E. coll K12 strain MM294 (ATCC 31,446), L. coll XI776
(ATCC 31,&37); I, cali strain W3110 (A'I'(IC 27,325) and
K5772 (ATC('3,(i3S) Other suitable prokaryotic host cells
incluilc Entcrobactcriaccac such as Escherichia, e g., E. rvh,
Euierobu cree, Erwiuia, Kiebsi ella, Proteus, 5a laionella, c
Suhavuega iyphimurium, Serraiia, e.g., Serraria uuirces-
cans, anil 5liigellii, as well as Bacilli such as B. &&ibrili& ami
B. lichera'jvrml& (e.g, B. licheiii/i&izni& 41P disclosed in DD
2(i6,710 published 12 Apr 1989), Pxendomvuas such as P
aerugiavsa, and .'iiiiproiuycei These examples are illustra-
tive rather than limiting. Strain W3110 is onc particularly
prcfcrrcil host or parent host bccausc it is a common host
strmn for recombinant DNA product fermentations. Prefer-
ably, the host cell secre(as minimal amounts of proteolyhc
enzymes. For example, strain W3110 may be moililied to
effect a genetic mutation in the genes encoding proteins
endogenous to the host, with examples of such hosts includ-

in E. coll W3110 strain IAZ, svhich has thc complctc
genotype tonA; E. cali W3110 strain 9L4, which has the
complete genotype tonA ptr3; E coh W3110 strain 27C7
(ATCC 55,244), which has the complete genotype tonA ptr3
phoA E15 (argF-lac)169 degP ompT kan'; E coll W3110
strain 37D6, which has thc complctc gcnotypc tonA ptr3
phoA E15 (argF-lac)169 degP ompT rbs7 ilvG kan'; E. coll
W3110 strain 40B4, which is strain 37D6 with a non-
kanamycin resistant degP deleuon mutauon, anti an E coll
strain having mutant periplasmic protease disclosed in U S
Pat No 4,946,783 issued 7 Aug 1990. Alternatively, in
vitro methods of cioning, c.g., PCR or other nucleic acid
polymcrasc reactions, arc suitable

[0101] In addition to prokaryotes, eukaryotic microbes
such as filamentous fungi or yeast are suitable cloning or
expression hosts for vectors encoding the proteins or antio-
bodics dcscril&cd herein. Saccliarvmyces cereyisiae is a
commonly used lower cukaryotic host microorganism. Oth-
ers include Srhizvsacrliuromyce& pvmbe (Beach and Nurse,
Nuinre, 290:140 [1981]; EP 139,383 published 2 May
1985); Kluyi ervmyce& hosts (U.S Pat. No. 4,943,529, Fleer
et al, Bioi7eclmvlvgst 9 968-975 (1991)) such as, e.g, K.
lacns (MW98-8C, CI3S683, C13S4574; I.ouvencourt et al,
J. Bacreriol., 154(2): 737-42 [1983]), K. fiagilis (ATCC
12,4Z4), K. bulgaricus (ATCC 16,045), K ickeramii
(ATCC 21,1781,K. iyulrii (ATCC 56,SOO), IC. dro*opliihi rum
(ATCC 36,906; Van den Berg et al., Biv/Techuvlvgy, 8.135
(1990)),K. Ihewnvivlerun&, anil K. marxiimn&, varrowia (EP
402,22(i); lhiclua pasrvrzs (EP 183,070; Sreekrishna et al,J.
Basic Micrvbivi., 2&8:265-278 [1988]); Caudida; I'richv-
dewna reesiu (EP 244,234); Nauru&pore eras&a (Case ct al.,
P&v&c. Nuil. Aced. Sci. USA, 76:3259-S263 [1979]); Scloyaii-
ui vmvce& such as Scln vimui am yea& vcci rleu(v ha (EP 394,538
published 31 Oc( 1990); aml Iilamentous tungi such as, e.g.,
Nearvspora, Peuici ill imi, Tolypvcludima (WO 91,'00357
published IO Jan 1991), and Aspeigillns hosts such as A.
mdulaiis (Iiallance et al, B&vcheat. Biophys Res Coiimiuu,
112:Z84-289 [1983]; Tilburn ct al., Gene, Z6:205-221
[1983]; Yelton ct al., Pro.,Vvur. Aced. Sci. USA, 81;
1470-1474 [1984]and A. niger (Kelly and Hynes, I'MBO J.,
4.475-479 [1985]). Methylotropic yeasts are suitable herein
anil tnclude, but are not 1&miteil to, yeast capable of growth
on methanol selected from the genera consisting of
Ha»sar&via, Car&Chda, Klveckeru, l'iclua, Siaccharomyces,
Terr&lop&is, and Rhodoiorula. A list of specifi spccics that
arc cxcmplary of this class of ycasts may bc found in C.
Anthony, The Bivilieuiiory of Merhvlvirvph*, 269 (1982).

[0102] Suitable host cells for the expression of glycosy-
lated form of the polypeptides and antiborlies describerl
hcrmn arc derived from multicellular organisms. Examples
of invcrtcbratc cells include insect cells such as Drosophila
S2 and Spodoptera S19, as well as plant cells. Examples of
useful mammalian host cell ines incluile Chinese hamster
ovary (CHO) and COS cells More spec&lie examples
include monkey kidney CVI hne transformed by SV40
(COS-7, Al'(I(.'RI. 165 I); human embryonic kirlney line
(293 or 293 cells subcloncd for growth in suspension
culture, Graham ct ai., J. Geu Vtrol., 36:59 (1977)); Chinese
hamster ovary cellsbDHFR(CHO, Urlaub and Chasin, Proc.
Nuil,4cad. 5ci. USA, 77.4216 (1980)), mouse sertoli cells
(TM4, Ma&her, Biol. Repivd., 23:243-251 (1980)), human
lung cells (W138, AT('(''CI. 7S); human liver cells (I lep
GZ, 1133 8065); and mouse mammary tumor (MM'I'60562, Regeneron Ex. 2019 
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ATCC CCL51). Thc sckction of thc appropriate host cell is
deemed to be within the skill in the art.

[0103] 3. Sclcction and Usc of a Replicablc Vector

[0104] Thc nucleic acirl (c.g., cDNA or gcnomic DNA)
cncodin thc polypcptides and antibodies described hcrcin
may be inserted into a replicable vector for cloning (ampli-
lication of the DNA) or ior expression. Vanous vectors are
publicly available. The vector may, for example, be in the
form of a plasmid, cosmirl, viral particie, or phage. The
appropriate nucleic acirl sequence may be inserted into the
vector liy a variety of proccdurcs. In general, DNA is
inserted into an appropnatc restriction endonuclcasc site(s)
using techniques known in Lhe art. Vector components
generally incluxle, but are not lim«ed io, one or more of a

mgnal sequence, an ongin of replicauon, one or more marl er
genes, an enhancer element, a promoter, and a transcription
termination sequence ('onstruction of suitable vectors con-
taining one or morc of thcsc components employs stanrlarrl
ligation tcchniqucs which arc known to lhc skilled artisan.

[0105] Recombinant production of thc polypeptidcs or
antiborlies may be accomplished not only directly, but also
as a fusion polypepude with a heterologous polypepude. The
heterologous poruon may be a signal sequence or other
polypeptide having a specilic cleavage site at the N-terminus
of the mature protein or polypeptide In general, the signal
sequence may be a i omponent of the vector, or it may be a

part of thc DNA cncodin thc polypcptidc or antiborly that
is inserted into the vector. Thc signal sequence may bc a
prokaryotic signal scqucncc selcctcd, for cxamplc, from the
group of. the alkaline phosphatase, penicillinase, lpp, or
heaL-stable enterotoxin II leaders. For yeast secreuon the
signal sequence may be, e g, the yeast invertase leader,
alpha factor leader (includmg!ivcchvrvmyces and Kinyieiv-
myces rx-factor kadcrs, thc latter dcscribcd in U.S. Pat. No.
5,010,182), or amd phosphatasc icadcr, thc C. uihicuns

lucoamylase learlcr (EP 362,179 published 4 Apr. 1990), or
the signal descnbed in WO 90,'13646 published 15 Nov.
1990. In mammalian cell expression, mammalian signal
sequences may be userl to rlirect secretion of the protein,
such as signal sequences from secreted polypeptides of the
same or rclatcd species, as weil as viral sccrctory leaders.

[0106] l3oth expression and cloning vectors contain a
nucleic acid sequence that enables the vector to replicate m
onc or morc sclccted host cells. Such scqucnces arc well
known for a variety of bacteria, yeast, and viruses. The
ongin of. replicauon from the plasmid pBR322 is suitable for
most Gram-negauve bacteria, ihe 2B piasmid ori nn is suit-
able for yeast, and vanous viral origins (SV40, polyoma,
adenovirus, VSV or BVV) are useful for cloning vectors in
mammalian cells

[0107] L'xpression anti cloning vectors will typically con-
tain a selection gene, also termed a selectable marker.
Typical sclcction cncs encode proteins that (a) confer
rcsistancc to antibiotics or other toxins, c.g., ampicilhn,
neomycin, methotrexate, or tetracycline, (b) complement
auxotrophic deiiciencies, or (c) supply cnucal nutnents not
available from complex media, e.g., the gene encoding
D-alanine racemase for Beer!Ii.

[0108] An example of suitable seieclable markers for
mammalian cells are those that enable the identification of
cells competent to take up the DNA sequence encoding the

polypcptidcs or antibodies described hcrcin, such as DHFR
or thymidine kinase. An appropnate host cell when wild-
type DHFR Ls employed is Lhe CHO cell hne deiicieni in
DHI'R activity, prepared and propagated as describerl by
Urlauli et al., I'rvc. Nvli Aced Bci. USIA. 77 4216 (1980) A
suitable selection gene for use in yeast is thc trpl gcnc
prcscnt in the yeast plasmirl YRp7 [Stinchcomb ct al.,
Na rure, 282 39 (1979); Kingsman ct al., Gene, 7 141 (1979);
Tschemper el al, Gene, 10:157 (1980)]. The trpi ene
provides a selecuon marker for a mutant strain of yeast
lacking the ability to row in tryptophan, for example,
AT(:('o 44076 or VL'V4-[lones, G'evericx, SS 12 (1977)]

[0109] Expression and cloning vectors usually contain a
promoter operably linked to thc such DNA scqucnccs to
direct mRNA synthesis. Promoters recognized by a vanety
of potential host cells are well known Promoters suitable for
use with prokaryouc hosts include the [I-lactamase anti
lactose promoter systems [('hang et al, Nvrviv, 275 615
(197S); (xoeddel et al., Net«re, 281 544 (1979)], alkaline
phosphatasc, a tryptophan (trp) promoter system [Goeddel,
Nucleic Acids Res., 8;4057 (1980); EP 36,776], aml hybrid
promolee such as the lac promoter [deBoer et al., Prvrx
Nvli Aced. 5ci. US4, 80.21-25 (1983)]. Promoters for use in
bactenal systems also will contain a Shine-Dalgarno (S.D.)
sequence operably linked to such DNA sequences

[0110] L'xamples of suitable promoting sequences for use
with yeast hosts inclurlc thc promoters for 3-phosphoglyc-
cratc kinasc [Hitzcnian et aL, J. Biol. Chem, 235;2073
(19SB)] or other glycolytic enzymes [Hess et al, J. Adi:
f nxyme Reg., 7: 149 (1968), Holland, Bmchem i*try) 17.4900
(197S)], such as enolase, glyceraldehyde-3-phosphate rlehy-
drogenase, hexokinase, pyruvate decarboxylase, phosphof-
ructokinase, glucose-(i-phosphate isomerase, 3-phospho-
glyccratc mutasc, pyruvate kinasc, tnosephosphatc
isomcrasc, phosphoglucosc isomcrasc, and glucokinasc.

[0111] Other yeast promoters, which are inxiucible pro-
moters having the addiuonal advantage of transcription
controlled by growth conditions, are the promoter regions
for alcohol dehydrogenase 2, isocytochrome C, acirl phos-
phatasc, degradativc cnzynics associated with nitrogen
metabolism, nietallothioncin, lyccralrlchydc-3-phosphate
rlchydrogcnase, and cnzymcs rcsponsiblc for maltose and
galactose utilizauon. Suitable vectors and promoters for use
in yeast expression are further descrdied in EP 73,657.

[0112] Transcription from vectors in mammalian host cells
may be controlled, for cxaniplc, by promoters obtained from
the genomes of viruses such as polyoma virus, iowlpox virus
(UK 2,211,504 published 5 JuL 19S9), adenovirus (such as
Adenovirus 2), bovine papilloma virus, avian sarcoma virus,
cytomegalovirus, a retrovirus, hepatitis-0 virus and Simian
Virus 40 (SV40), from heterologous mammalian promoters,
c ., the actin promoter or an immuno lobulin promoter, and
from heat-shock promoters, provided such promoters arc
compatible v:ith ihe host cell systems

[0113] Transcription of nucleic acid encodmg the polypep-
tirlcs or antibodies herein by higher cukaryotcs may bc
incrcascd by insertin an cnhanccr scqucncc into thc vector.
Enhancers are cis-acun ~ elemen(s of DNA, usually about
irom 10 lo 300 bp, that acl on a promoter to increase its
transcription. Many enhancer sequences are now known
from mammalian genes ( lobin, elastase, albumin, rx-feto-
protein, and insulin) Typically, however, one will use an Regeneron Ex. 2019 

Alvotech v. Regeneron 
PGR2025-00085 

Page 19 of 48



US 2004/0197324 Al
12

Oct. 7, 2004

cnhanccr from a cukaryotic cell virus. Examples inclurlc thc
SV40 enhancer on the late s&de of the replication origin (bp
100-270), the cytomegalov&rus early promoter enhancer, the
polyoma enhancer on the late side of the replication orig&n,
and adenovirus enhancers The enhancer may be spliced into
the vector at a position 3'r 3'o thc codin scqucncc, but
is preferably located at a site 5'rom the promoter.

[0114] Expression vectors used in cukaryotic host cells
(yeast, fung&, insect, plant, an&mal, human, or nucleated cells
from other multicellular organisms) will also conte&n
sequences necessary for the termination of transcription and
for stabilizing the mRNA Such sequences are commonly
available from the 5'nil, occasionally '3', untranslated
rc ions of cukaryotic or viral DNAs or cDNAs. These
rc ions contain nuckotide scgmcnts transcribed as polyadc-
nylated fragments in the untranslated poruon of the mRNA
encoding the polypepudes or antibodies descnbed herein.

[0115] Stdl other methods, vectors, anil host cells su&table
for adaptation to the synthesis of the polypeptide or ant&-

bodies described herein in recombinant vertebrate cell cul-
ture arc rlcscnbcd in Gething ct al., Narure, 293:620-623
(1981); Mantci ct al.„Varure, 281:40-46 (1979); EP 117,060,
and EP 117,058

[0116] 4. Detecting Gene Amphlicauon/Express&on

[0117] Gene amplificat&on and/or expression may be mea-
sured in a sample directly, for example, by conventional
Southern blott&ng, Northern blotting to qnantitate the tran-
scription of mRNA [Thomas, Prr&c. Natl. Aced. 5ci. USA,
77:5201-5205 (1980)], dot blotting (DNA analysis), or in
s&tu hybndization, using an appropr&ately labeled probe,
based on the sequences prov&ried harem. Alternatively, anu-
bodies may be employed that can recognize spec&lic
duplexes, inclurhng 13NA duplexes, RNA duplexes, and
l)NA-RNA hybod duplexes or DNA-protein duplexes. The
antibodies in turn may bc labclcd and the assay may be
carried out ivherc thc rlupkx is bouml to a surface, so that
upon the formauon of duplex on the suriace, the presence of
anubody bound to the duplex can be detecteil.

[0118] Gene express&on, alternaovely, may be measured
by immunological methods, such as immunohistochemical
staining of cells or tissue sections and assay of cell culture
or body fluids, to quantitate directly thc cxprcssion of gene
product. Antibodies useful for immunohistochcmical stain-
ing and,&or assay of sample fiu&dh may be esther monoclonal
or polyclonal, and may be prepared in any mammal Con-
ven&ently, the anubodies may be prepared against the
polypeptides described herein or against a synthetic peptide
based on the 13NA sequences provided herein or against
cxogcnous scqucnce fused to DNA encoding such polypcp-
tidcs anil antibodies and encoding a specifi antibody
ep&tripe.

[0119] 5. Puriiicauon of Polypepude

[0120] I'orms of may be recovered from culture medium
or from host cell lysatcs. If mcmbranc-bound, it can bc
rclcased from thc membrane usin a suite(dc rlctcr cnt
soluuon (e.g. Tnton-X 100) or by enzymatic cleavage. Cells
employed &n expression of the polypepudes or anubod&es
descnbed herein can be d&erupted by venous phys&cal or
chemical means, such as freeze-thaw cycling, sonication,
mechanical d&sruption, or cell lysing agents

[0121] It may bc dcsircd to purify thc polypcptidcs or
ant&bod&es descnbed harem from recombinant cell protems
or other polypephdes. The R&llowing procedures are exem-
plary of suitable purification procedures by fractionation on
an ion-evchange column; ethanol precipitation, reverse
phase HPLC; chron&ato raphy on silica or on a cation-
cxchangc resin such as DEAE; chromatofocusing; SDS-
PAGE; ammonium sulfate precipitation; gcl filtration usin,
R&r example, Sepharlex G-75, prole&n A Sepharose columns
to remove contam&nants such as IgG, and metal chelating
columns to hind epitope-ta ed forms of the polypeptide or
ant&body Various methods of protein purificat&on may be
cmploycd and such methods arc known in thc art and
dcsci&bcd for example in Dcutschcr, Methods in Enzymol-
ogy, 182 (1990); Scopes, P&o(eiu Purl/icariou& Principles
aud Practice, Sponger-Verlag, New York (1982). The pun-
licauon step(s) selected w&11 ilepeml, for example, on the
nature of the production process used and the particular
polypeptide or antibody produced.

[0122] LL Antibody Preparation

[0123] In certain cmborlimcnts of thc invention, thc pro-
te&n of choice is an anubody. Techmques for the production
of antibodies, &nclud&n ~ polyclonal, monock&nal, human-
ized, b&specific and heteroconjugate antibodies follow

[0124] I) Polyclonal Antibodies.

[0125] Polyclonai antibodies arc gcncrally raiscrl in ani-
mals by multiple subcutaneous (sc) or intrapcritoncal (ip)
&ntections of the relevant antigen and an adjuvant. It may be
useful to conjugate ihe relevant ant&gen to a protein that &s

immunogenic in the species to be immunized, e.g, keyhole
hmpet hemocyanin (KI.H), serum albumin, bov&ne thyro-
globulin, or soybean trypsin inh fi&itor, using a bi functional or
rlcrivatizing agent, e.g., maleimirlobcnzoyl sulfosuccinimidc
cstcr (conjugation throu h cysteinc rcsiducs), N-hydrox-
ysucc&nim&de (through lysien res&dues), lutaraldehyde, suc-
cin&c anhydnde, SOClz, or R'N—C— NR, where R andR're

independently lower alkyl groups. L'xamples of adju-
vants which may be employed include I reund*s complete
adluvant and MPI:TDM adjuvant (monophosphoryl I.ipid
A, synthetic trchalosc dicorynomycolatc). The immuniza-
tion protocoi may bc selccterl by onc skilled in the art
w&thou& unrfue exper&mentation.

[U126] The ammals are immunized against the anugen,
immunogenic conjugates, or derivat&ves by combining, e.g,
100 pg or 5 ug or the protein or conjugate (for rabbits or
mice, respectively) vvith 3 volumes of Frcunrl's complctc
adjuvant and injecting thc solution intradcrmally at multiple
sites. Onc month later, thc animals arc boosted with '/& to '/iv
the orig&nal amount of pepude or coniugate in Freunri's
complete adtuvant by subcutaneous inject&on at muluple
sites Seven to fourteen days later, the animals are bled anil
the serum is assayed for antibody t&ter Animals are boosterl
until thc titer piateaus. Conjugates also can bc made in
recombinant ccli culture as protein fusions. ALso, a re at-
in a cnts such as alum are suitable used to cnhancc thc
immune response.

[0127] 2) Monocional Antibodies.

[U128] Monoclonal anuboihes are obtained from a popu-
lat&on of substantially homogeneous anubod&es, &.e., the
individual antibodies comprising the population are identi-
cal evcept for possible naturally occurring mutations and or Regeneron Ex. 2019 
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post-translational modihcations (c, isomcrizations, ami-
dations) that may be present in minor amounts. Thus, the
moddier "monoclonal" indicates the character of the anu-
body as not heing a mixture of discrete antiliodies

[0129] For example, the monocional anubodies may be
made using the hybndoma method first described hy Kohler
et al, Nature, 256 495 (1975), or may he made hy recom-
binant DNA methorls (U.S. Pat. No. 4,816,567).

[0130] In the hybridoma method, a mouse or other appro-
priate host animal, such as a hamster, is immunize(i as
hcreinabovc rlcscribcd to elicit iymphocytes that pro(luce or
are capable of producing anubodies that will speciiically
bmd to the protein used for immunizahon. Alternatively,
lymphocytes may be immunized in vitro I.ymphocytes then
are fused with myeloma cells using a suitable fusing agent,
such as polyethylene glycol, to form a hybridoma cell
(Goding, Rfonoc/one/ Antibodies: Principles und Pruc/ice,
pp.59-103 (Acarlcmic Press, 1986).

[0131] Thc immunizing a cnt will typically include thc
anti enic protein or a fusion variant thereof. Generally either
penpheral blood lymphocytes ("PBLs") are used iT celLs of
human origin are desired, or spleen cells or lymph node cells
are used if non-human mammalian sources are desired The
lymphoctyes are then fused with an immortalized cell line
using a suitable fusing agent, such as polyethylene glycol, to
form a hybrirloma cclL Goding, rtfonoclonai Antibodies
Prino/p/es end Preen ce, Academic Press (1986), pp. 59-103.

[0132] Immortalized cell lines arc usually transformed
mammalian cell, particularly myeloma cells of rodent,
bovine and human omgin. Usually, rat or mouse myeloma
cell lines are employed. The hybndoma cells thus prepared
are seeded and grown in a suitable culture medium that
preferably contams one or more substances that inhibit the

rowth or survival of thc unfuscrl, parental myeloma cells.
For example, if thc parental myeloma cells lack thc cnzymc
hypoxanthinc guamnc phosphoribosyl transfcrasc (HGPRT
or HPRT), the culture medium for the hybndomas typically
will incluile hypoxanthine, aminopterin, anil thynudine
(HAT medium), which substances prevent the growth of
I IGPRT-deficient cells

[0133] Preferred immortalized myeloma cells are those
that fuse efliciently, support stable high-level production of
antibody by the selected antibody-producing cells, and are
sensitive to a medium such as IIAT medium Among these,
prcfcrrcrl arc murine myeloma lines, such as those dcrivcrl
front MOPC-21 and MPC-11 mouse tumors available from
the Sall Insutute Cell Distribuuon Center, San Diego, Calil;
USA, and SP-2 cells (and derivatives thereol; e.g., X63-
Agg-653) available from the American Type Culture Col-
lection, Manassus, Ma. USA. Iluman myeloma and mouse-
human heteromyeloma cell lines also have been descrilied
for thc production of human monoclonal antibodies (Koz-
bor, J. Irrtrttunol., 133;3001 (1984); Brodcur ct al., t)fono-
c/oriel An/ibody Pmducnon Tec/miques arid Apph'ceriom,
pp. 51-63 (Marcel Dekker, Inc., New York, 1987)).

[0134] Culture medium in which hyhrirloma cells arc
rowing is assayed for production of monoclonal antiborhes

directed against the anugen. Preferably, the binding speci-
licity of monoclonal anubodies produced by hybriiloma cells
is determmed by immunoprecipuauon or by an in vitro
bindin assay, such as radioimmunoassay (RIA) or enzyme-
linked immunoabsorbent assay (L'I.ISA).

[0135] The culture medium in which thc hybmdoma ccfls
are cultured can be assayed lor the presence of monoclonal
antibodies ihrected agam desirerl anugen Preferably, the
binding aflinity and specificity of the monoclonal antiborly
can be detemiilied by imlnunoprecipitation or by an in vitro
bin(ling assay, such as radioimmunoassay (RIA) or cnzymc-
linkcd assay (ELISA). Such tcchniqucs and assays arc
known in thc in art. For example, binding afflnity may lic
determined by the Scatcharil analysis of Mu neon et al.,Ann/.
Biochem., 107.220 (1980).

[0136] After hybridoina cells are identilied that produce
antibodies of the desired specificity, affinity, and/or activity,
thc cloncs may be subcloncd liy limitin dilution proccdurcs
and grown by standarrl methorls (Go(ling, supra). Suitable
cuhure media lor this purpose include, for example,
D-MEM or RPMI-1640 meihum In ruldiuon, the hybridoma
celLs may be grown in vive as ascites tumors in a mammal.

[0137] 'I'he monocional antibodies secreterl by the sub-
clones are suitably separated from the culture medium,
ascitcs fluid, or serum by conventional immunogioliulin
purification procedures such as, for example, protein
A-Sepharose, hydroxylapatite chromatography, gel eleciro-
phoresis, dialysis, or aflinity chromatography.

[0138] Monoclonai antibodies may also be macle by
recombmant DNA methods, such as those described in U S
Pat. No. 4,816,567, and as rlcscribcd above. DNA encoding
thc monoclonal antibodies is rcarlily isolated and scquenccd
using conventional procedures (e, by using oligonucle-
otule probes that are capable of binding specilicaliy io genes
encoding the heavy aml light chains of mumne anubodies).
The hyliridoma cells serve as a preferred source of such
DNA Once isolated, the DNA may be placed into expres-
sion vectors, which arc then transfi:ctcd into host cells such
as E. col/ cells, simian COS cells, Chinese hamster ovary
(CHO) cells, or myeloma cells that do not otherwise produce
immunoglobulin protein, m order to synthesize monoclonal
antibodies in such recombinant host cells Review articles
on recombinant expression in bactena of DNA encorling the
antibody include Skerra et al., Carr Opimon in /rrtninnol,
3:256-262 (1993) anil Pliickthun, /nmmnol Revs. 130:151-
188 (1992).

[0139] In a further embodiment, antibodies can be isolated
from antiliody phage libraries enerated using the tech-
mques described in McCafferty et al, Neriire, 348 552-554
(1990). C'lackson et al., tVe/ure, 352:624-628 (1991) and
Marks ct al., J.,(fo( Biol.. 222;581-397 (1991) rlcscribe thc
isolation of munne aml human anubodies, respecuvely,
using phage libranes. Subsequent publicauons descnbe the
production of high affinity (nM range) human antibodies by
chain shuffling (Marks et ai., Bro/Ihchitolo,&, 10 779-783
(19i)2)), as weil as combinatorial infection and in vivo
recombination as a stratc y for constructing very large
phage libraries (Watcrhousc ct al., Nuci. Acids Res:,
21.2265-2266 (1993)). Thus, these techniques are viable
alternatives to traditional monoclonal anubody hybridoma
techniques for isolation of monoclonal antihorlies

[0140] The DNA also may lic modiiicrl, for cxamplc, by
substituting the codmg sequence lor human heavy- and
Light-chain constant domains in place of the homologous
murine sequences (U.S. Pat. No. 4,816,567; Moroson, et al.,
Proc. Natl Aced 5/ci US4, 81 (igSI (1984)), or by
covalently joining to the immunoglobulin coding sequence Regeneron Ex. 2019 
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all or part of thc cochng scqucncc for a non-immunoglobulin
polypeptide. Typically such non-immunoglobulin polypep-
tides are subsututed lor the constant dommns of an antibody,
or they are substituted for the variable dnmains nf one
antigen-cnmhining site of an antibncly to create a chimeric
bivalent antibody comprising onc anti en-combining site
bavin specificity for an antigen and another antigen-com-
binin site having specificit for a difi'crcnt antigen.

[0141] The monoclonal antiliodics dcscribcd herein may
by monovalent, thc preparation of which is well known in
the art. For example, one method involves recombinant
expression of immunoglobulin light chain aml a mod&lied
heavy chain The heavy chain is truncated generally at any
point in the I'c region so as to prevent heavy chain crosslink-
ing. Alternatively, the relevant cysteine residues may lie
sulistitutccl with another amino acid residue or arc dclctccl so
as to prevent crosslinking In vitro methods are also suitable
for prepanng monovalent antibodies. Digesuon of antibocl-
ies to produce fragments thereof, parucularly Fab fra ments,
can be accomplished using routine techniques knnwn in the
art

[0142] Chimeric or hybrid antibodies also may be prc-
parcd in vitro using known methods in synthetic protein
chemistry, including those involving crosslinkin s cnts.
For example, immunotoxins may be constructecl using a
disuliide-exchange reacnon or by lorming a thioether boo&I.

Hxamples nf suitable reagents for this purpose include
iminnthinlate and methyl-4-mercaptohutyrimidate.

[0143] 3) Humanized Antibodies.

[0144] The antibodies of thc invention may further com-
pnse humanized or human anubodies. Humanized forms of
non-human (e, munne) anubodies are chimeric immuno-
globulins, immunoglobulin chains or fragments thereof
(such as I v, I ab, I ab', I'(ab')a or nther antigen-binding
suliscqucnccs of antibodies) which contain minimal
sequence clcrivcd from non-human immunoglobuhn.
Humanizccl antibodies include human immunoglobulins
(recipient anubody) in which residues from a complemen-
tanty determining region (CDR) of the recipient are replaced
by residues frnm a CDR of a non-human species (dnnor
antibndy) such as mouse, rat or rabbit having the desired
specificity, aifinity ancl capacity. In some instances, Fv
framework rcsiclucs of thc human immuno lobulin are
rcplaccd by corresponding non-human residues. Humanized
annbo&hes may also otmprise residues which are fouml
neither in the recipient anubody nor in the imported CDR or
framewnrk sequences In general, the humanized antiliody
will comprise substantially all of at least one, and typically
two, variable domain, in which all or substantially all of thc
CDR regions corrcsponcl to those of a non-human immu-
noJobulin ancl all or substantially all of the FR regions arc
those of. a human immunoglobulin consensus sequence The
humanized antibody opumally also will compnse at least a
portion of an immunoglnbulin constant region (I c), typi-
cally that of a human immunnglobulin .Iones et al., Nature
321 S22-S25 (1986); Riechmann et al,,No&me 332 323-329
(1988) and Prcsta, Ciirr Opt&i. Street. Biol. 2: 593-596
(1991)

[0145] Methods lor human&tong non-human antibodies are
well known in the art. Generally, a humanrzed antibody has
one or more amino acid resiclues introduced into it from a
snurce which is non-human 'I'hese non-human amino acid

residues arc nftcn refcrrcd to as "import" rcsiducs, which arc
typically taken from an "import'* variable domain. I luman-
ization can be essentially performed following thc method of
Winter aml co-workers, Jones et al., Nature 321.S22-525
(1986); Ricchmann ct al., Nurure 332 323-327 (1988); Vcr-
hoeyen et al., Science 239:1534-1536 (1988), or through
substituting rndent CDRs or CDR sequences for the corre-
sponding sequences of. a human antdiody. Accordingly, such
"humanized*'ntibndies are chimeric antibodies (U.S. Pat
iskx 4,816,567), wherem substantially less than an intact
human variable domain has been substituted by the corre-
spondin scqucncc from a non-human spccics In practice,
humanized antibodies are typically human antibodies in

which some CDR residues and possibly some FR rcsiducs
are substituted by residues from analo ous sites in rodent
antibochcs.

[0(46] I'he choice nf human variable domains, both light
and hcavy, to bc usecl in making thc humanizccl antibodies
is very important tn reduce anti enicity Accorchng to the
so-called "best-fit'ethod, thc sequence of thc variable
domain of. a rodent antibody is screened against the entire
library of kno&vn human variable-domain scqucnccs. Thc
human sequence which is closest to that ol; the rodent is then
accepted as the human framework (I'R) for the humanized
a ntiliocty. 8 &ms et al., 1. Imnuinoi., 151.2296 (1993); Choihia
et al, I Mol Biol. 19(i 9(ll (1987) Another method uses a

particular framework derived from thc consensus scqucncc
of all human antibodies of a particular subgrnup of light or
hcavy chains. Thc same framework may be used for scvcral
&hlferent humanized antibodies. Carter et al., Proc. Nuri.
Aced. Sei. USA, 89:4285 (1992); Prcsta et al.,1 Inunmirri.,
151 2623 (1993).

[0147] It is further important that anubodies be humanized
with retention of high afiinity for the antigen and other
favorable biological properties I'n achieve this goal, accnrcl-
in to a preferred methocl, humamzcd antiboclics arc prc-
parcd by a process of analysis of thc parental scqucnccs and
vanous conceptual humamzed producus using three-dimen-
sional mociels of. the parental an&I humanized sequences.
Three-&hmenmonal immunoglobulin models are commonly
avadable and are familiar to those skilled in the art. Com-
puter prngrams are available which illustrate and display
probable thrcc-dinicnsional conformational structures of
sclcctcd candidate immuno lobulin sequences. Inspection
of these &hsplays perm&as analysis of the likely role of the
resulues in the luncuonin ~ of the candidate immunoglobulin
sequence, i.e., the, analysis of residues that infiuence the
ability of the candidate immunnglohulin to hind its antigen
In this way, I'R residues can lie selected and combined from
thc recipient and import scqucnces so that thc dcsircd
antibody characteristic, such as increased affimty for thc
target antigen(s), is achieved. In general, the CDR residues
are ciirectly and most substanually involved in infiuencing
antigen binding.

[0148] Various fornis of thc humanizccl antibody arc con-
tcmplatcd. For example, the humanized antibody may tic an
antibody Iragment, such as an Fab, which is opuonally
conjugated v:ith one or more cytotoxic agent(s) in order to
generate an immunoconlu ate. Alternatively, the humanized
antibody &nay be an intact antibody, such as an intact lgG I
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[0149] 4) Human Antibodies

[0/50] As an alternauve to humamzauon, human antibod-
ies can be generateri. For example, it is now possible to
produce transgenic animals (e.g, mice) that are capable,
upon immunization, of producing a full repertoire of human
antiborlies in the abscncc of cmlogenous immunogobultn
production. For cxamplc, it has been described that thc
homozygous deletion of the anubody heavy-chmn toimng
region (Ju) gene in chimenc and germ-line mutant mice
results in complete inhibiuon of endogenous anubody pro-
duction Transfer of the human germ-line immunoglobuhn
gene array in such germ-line mutant mice will result in the
production of human antibodies upon antigen chailcngc.
Scc, c.g., Jakobovits et al., Proc. Nail. Aced. Sc/. USA,
90.2551 (1993); Jakobovits et al., Na(nre, 362:255-258
(1993); Bruggermann et al., Y(kar in Iaaanr(v., 7.33 (1993),
U.S. Pat. Nos. 5,591,669 and WO 97/17852.

[0151] Altcrnativcly, phage display technology can bc
used to produce human antiobdics and antibody fragments in
vitro, from immunoglublin variable (V) domam gene rep-
ertoires from unimmunized donors. McCaflerty et al.,
Narnre 348 552-553 (1990); Hoogenboom and Winter, ./
Mol Biol 227 3SI (1991) Accorrling to this techmque,
antibody V rlomain genes are cloned in-frame into either a

major or minor coat protein gene of a filamcntous bacte-
riophage, such as M13 or fd, and displaycrl as functional
anubody fragments on the surface of the pha e particle.
Because the Iilamentous particle contains a single-stranded
ONA copy of the phage genome, selections based on the
functional properties of the antibody also result in selet ion of
thc gene cncodin thc antibody exhibiting those propcrtics.
Thus, the phage mimics some of thc propcrtics of thc B-cell.
Pha e rlisplay can be pcrformcd in a variety of formats,
reviewed in, e.g, Johnson, Kevin S. anti Chiswell, Devi(i J.,
Ciirr. Opia S(me(. Rivi. '3.564-571 (1993). Several sources
of V-gene se ments can be used for phage riisplay 1'lackson
et al., Nature 352:624-62S (1991) isolated a diverse array of
anti-oxazolone antibodies from a small random combinato-
rial lilirary of V cncs derived from the splccns of immu-
nized mice. A rcpcrtoirc of V genes from unimmunizcd
hman donors can be constructeri and antibodies to a iliverse
array of anugens (incluriing self-antigens) can be isoalted
essentially folloiving the technqieus described by Marks et
al, I Mol Biol. 222581-597 (1991), or flriffith et al,
LM130 .I. 12 725-734 (1993) See also, U S Pat Nos.
5,565,332 anil 5,573,903.

[0152] The techniques of Cole ei al., and Boerner et al., are
also available for the preparation of human monoclonal
antibodies (1:ole et al, Monoclonal Antibodies and 1'sneer
Therapy, Alan R. Liss, p. 77 (1985) and Boerner ct al, J.
ltimiunvi. 14?(I): 86-95 (1991). Similarly, human antibodies
can be made by introducing human immunoglobulm loci
into transgenic ammals, e.g., mice m which the enilogenous
immunoglobulin genes have been parnally or completely
inactivated Upon challenge, human antibody pmduction is
observed, which closely resemble that seen in human in all
respects, inclurhng gcnc rcarrangemcnt, asscmffly and anti-
body rcpcrtoirc. This approach is described, for example, in
U.S. Pat. Nos. 5,545,807, 5,545,806, 5469,825, 5,625,126,
5,633,425, 5,661,016 and in ihe following scienuiic publi-
cations. Marks et al., Biv/Technvlvgr 10: 779-783 (1992),
I.onberg et al, Narure 36S 856-85'/ (1994); Mornson,
Narnre 3(iS: Si 2-13 (1994), I'ishwild et al, Narare Biatech-

oology 14: 845-51(1996), Ncubcr cr,NarureBiotecliaoivgy
14. 826 (1996) and Lonberg anil Huszar, Inleru. Ret: Immu-
vvi. 13. 65-93 (1995).

[0153] Finally, human antibodies may also bc gcncratcd in
vitro by activated B cells (scc U S. Pat. Nos. 5,367,610 and
5,229,275).

[0(54] 5) Antibody Fragments

[0155] In certain circumstances there are advantages to
using antibody Iragments, rather than whole antibodies.
Smaller fragment sizes alloivs for rapid clearance, and may
lead tn impmved access to solid tumors.

[0156] Various techniques have been developed for the
production of. antibody Iragments. Trmhtionaliy, these frag-
ments were derived via proteolyuc digesuon of intact anti-
bodies (see, e g., Morimoto et al, ./ Biaclieiti Bit&pt(ys
/ete(I(vd. 24 lt)7-117 (1992); and 13rennan et al, Sc(ence
229 81 (1985)). Howcvcr, thcsc fragments can now bc
produced dircclty by recombinant host cells. Fab, Fv and
scFv anubody fragmenas can all be expressed in arul secreted
Irom E. (vll, thus allowing the Iacile producuon of large
amounts of. these fragments. Anubody Iragmenus can be
isolaterl from the antibody phage libraries rliscussed above
Alternatively, I'abugil fragments can be directly recovered
from K coll and chcmicafly coupled to form F(ab'), frag-
ments (Carter ct ai., Bio/Technology 10 163-167 (1992)).
According to another approach, F(ab')z fragments can be
isolated riirectly from recombinant host cell culture Fab and
F(aly)a with increase in vivo half-life is descnbed in U.S.
Pat. No. 5,869,046 In other embodiments, the antibody of
choice is a single chain I'v fragment (scl'v) See WO
9N16185; U.S. Pat. No. 5,571,894 anil U.S. Pat. No. 5,587,
458 The antibody fragment may also bc a "linear antibody",
e g., as descnbed in U.S. Pat. No 5,641,870 Such linear
antibody fragments may be monospecilic or bispecilic.

[0157] 6) Antibody Dcpcndcnt Enzyme-Mcdiatcd Prodru
Therapy (ADEPT)

[0158] The antibodies of the prcscnt invention may also bc
use(i in ADEPT by conjugating the anubody to a prodrug-
activating enzyme which converus a prodrug (e.g. a pepudyl
chemotherapeutic agent, see WO Sl,t01145) to an active
anti-cancer drug See, for example, WO SS/tl7378 and U S
Pat Nn. 4,975,27S

[0159] The enzyme component of the immunoconjugate
useful for AOL'PT includes any enzyme capable of acting on
a prodrug in such as way so as to convert it into its morc
active, cvtotoxic form.

[0160] Enzymes that are useful in thc method of this
invention include, but arc not limitcrl to, glycosidasc, glu-
cose oxidase, human lysozyme, human glucuronidase, alka-
line phosphatase useful for converting phosphate-i:on(a(ning
prodrugs into free drugs, arylsulfatase useful for converting
sulfate-containing prodru s into free drugs; cytosine deami-
nase useful for converting non-toxic 5-fluorocytosine into
thc anti-cancer drug 5-fluorouracil; proteases, such as scr-
ratia prot(as(, thcrmolysin, sulitilisin, carboxypcptidascs
(e g., carboxypeptidase G2 and carboxypepudase A) and
cathepsins (such as cathepsins B ami L), that are use/ul for
converung pepude-containmg prodrugs into Iree drugs,
D-alanylcarbovypeptidases, useful for converting prodrugs
that contain D-amino acid substituents; carbohydrate-cleav- Regeneron Ex. 2019 
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in cnzymcs such as (3-gatactosidasc and neuramimrlasc
useiul for converting glycosylated prodrugs mto free tlrugs,
(3-lactamase useful for converung drugs derivatized with
(3-lactams into free drugs; and penicillin amidases, such as
penicillin Vamidase or penicillin G amidase, useful for
converting dru s rlcrivatized at their aminc nitrogens with
phcnoxyacetyl or phcnylacctyl groups, respcctivcly, into
free drugs. Alternatively, antibodies with enzymatic activity,
also known in the art as "abzymes'an be used to convert
the prodrugs of the invenuon into free active drugs (see, e g.,
Massey, a/anire 32S 457-458 (1987)) Antiborly-abzyme
conjugates can be preparerl as described herein for dehvery
of thc abzymc to a tumor cell population.

[016(] The above enzymes can be covalently hound to the
polypeptide or antibodies described herein by techniques
well known in thc art such as the use of thc hctcrobifunc-
tional cross-linking agents discussed aliovc. Altcrnativcly,
fusion proteins composing at least the anu en binding
region of the anubody of the invenuon linked to at least a
functionally active portion of an enzyme of the invention
can be constructed using recombinant DNA techniques well
knoivn in the art (see, e g Neuberger et al., iganire 312
604-60S (1984)).

[0(62] 7) Bispecihc and Polyspecific Antibodies

[0(63] Bispecific antibodies (IisAbs) are antibodies that
have binding specificities for at least two ditl'erent epitopes,
inclurling those on thc same or another protein. Altcrna-
tivcly, onc arm can bc armcrl to bind to thc target antigen,
and another arm can be combined with an arm that hinds to
a tnggering molecule on a leukocyte such as a T-cell
receptor molecule (e.g., CD3), or Fc recap(ore for IgG
(I'c,R) such as I'cyRI (CD(i4), I'cgRH (CD32) and I'cyRIH
(CD16), so as to focus and localize cellular defense mecha-
nisnis to thc target anti cn-expressing cell. Such antiborhes
can bc derivcrl from full Icn th antibodies or antibody
fra micnts (c g. F(ah)c bispccific antibodies).

[0164] Bispccific antibodies may also bc used to localize
cytotoxic agents to cells which express thc target antigen.
Such antibodies possess one arm that bmtls the desired
antigen and another arm that binds ihe cytotoxic agent (e g.,
saporin, anti-interferon-a, vinca alkaloid, ricin A chain,
methotrexate or radioactive isotope hapten) L'xamples of
knoivn bispecific antibodies include anti-L'rbl32ianti-I c-

gRIII (WO 96i16673), anti-ErbB2:anti-Fc RI (U.S. Pat. No.
5,837,234), anti-ErbBZianti-CD3 (U.S. Pat. No. 5,821,337).

[0165] Mcthorls for makin bispccific antibodies are
known in thc art. Traditional production of full length
biapeciiic antibodies is based on the coexpression of two
immunoglobulin heavy chain-light chain pairs, where the
two chains have different specificities Millstein et al.,
ryartav, 3(15:537-539 (1983) Because of the random assort-
ment of immunoglobulin heavy and light chains, these
hybridonias (quadromas) produce a potential mixture of 10
difi'crent antiborly mokculcs, of which only onc has thc
correct bispecilic structure. Punlicaiion of the correct mol-
ecule, which is usually done by alfinuy chromatography
steps, is rather cumbersome, and the product yields are low.
Similar procedures are disclosed in WO 93/08829 and m
'I'raunecker et al, /,MBO 3 . 1(lu3655-3(i59 (1991).

[0(66] According to a different approach, antibody ven-
able domains with the desired binding specificities (anti-

body-antigen combinin sites) arc fused to immunoglobulin
constant domain sequences. The iusion preierably is with an
immunoglobulin heavy chain constant domain, compnsing
at least part of the hinge, CH2, and ('H3 regions It is
preferred to have the first heavy-chain constant region
(CHI) containing the site necessary for light chain bindin,
prcscnt in at icast onc of the fusions. DNAs encoding thc
immunoglobulin heavy chain fusions and, if desired, thc
immunoglobuhn hght chain, are inserted into separate
expression vectors, and are co-transiected into a suitable
host organism This provides for great tlexibdity in adjusting
the mutual proportions of the three polypeptide fragments in
cmbodimcnts when unequal ratios of thc thrcc polypcptidc
chains used in the construction provide thc optimum yields.
It ts, however, possilile to insert thc coiling sequcnccs for
two or all three polypepude chains in one expression vector
when the expression of at least two polypepude chains in
equal ratios results in high yields or when the ratios are of
no particular significance

[0167] In a preferred embodiment of this approach, thc
btspccific antibodies arc composed of a hybrid immunoglo-
bulin heavy chain with a Iirst biniling specilicity in one arm,
anil a hybrid immunoglobulin heavy chain-light chain pmr
(providing a second binihng specdicity) in the other arm. It
was found that this asymmetric structure facilitates the
separation of the desired bispecific compound from
unwanted imniunogloliulin chain combinations, as thc prcs-
cncc of an inimunoglobulin light chain in only onc half of
the biapecilic moleculea provitles for an easy way of sepa-
rahon. This approach ia disclosed in WO 94,'04690. For
further details of eneraung bispecilic antdiodies, see, for
example, Suresh et al, Mar/iodsin i*,nzvmologi 121 210
(198()).

[0168] Accorthng to another approach descwbed in WO
96,'27011 or U.S. Pat. No. 5,731,168, the interface between
a pair of antibody molecules can be engineered to maximize
the percentage of heterodimers which are recovered from
recombmant cell culture. The preferred interface comprises
at least a part of the CH3 rc ion of an antiborly constant
rlomain. In this method, onc or morc small amino acid side
chains from the interface of the Iirst anubody molecule are
replaced with larger side chains (e.g, tyrosine or tryp-
tophan). Compensatory "cavities'f identical or similar size
to the large side chains(s) are created on the interface of the
second antibody molecule by replacing large amino acid
side chains with smaller ones (c.g., alaninc or thrconinc).
This provides a nicchanism for increasing thc yield of thc
heterodimer over other unwanted encl-products such as
homodimers.

[0169] Techniques for gcncrating bispecitic antibodies
from antibody fragments have Iiccn dcscribcrl in thc litera-
ture. For example, biapeciiic anubodies can be prepared
using chemical linkage. Brennan et al., Science 229. SI
(19S5) descnbe a procedure wherein intact anubodiea are
proteolyticaily cleaved to generate I'(ab') fragments These
fragments are reduced in the presence of the dithiol com-
plcxing agent sodiuni arscnite to stabilize vicinal dithiols
and prevent intcrmolccular disulfirlc formation. Thc Fab'ragmentsgenerated are then converted to thiomtrobenzoaie
(TNB) rfenvatives. One of. the FabuTNB denvauves is then
reconverterf to the FabsTNB denvative to iorm ihe bispe-
cific antibody The bispecific antibodies producerl can be
used as agents for the selective immobilization of enzymes Regeneron Ex. 2019 
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[0170] Fab'ragments may bc directly rccovcred from E.
coii and chemically coupled to form bispecilic anubodies.
Shalaby et al., J. L'xp. Med. 175. 217-225 (1992) descnbes
the production of fully hum anizerl bispecific antibody I'(ab')
molecules L'ach I ab'ragment was separately secreted froni
E. co!i and subicctcd to dircctcd chemical coupling in vitro
to form the bispccific antibody. Thc bispccific antibody thus
formed svas able to bind to cells ovcrcxprcssing thc ErbB2
receptor anil normal human T cells, as well as tri ger the
lyiic aciiviiy of human cytotoxic lymphocytes agauist
human breast tumor targets

[0171] Various techniques for making and isolating biva-
lent antibody fragments directly from recombinant cell
culture have also bccn rlcscribed. For cxamplc, bivalent
heieroihmers have been produced using leucme zippers.
Kostelny et al., J Immunoi., 148(5):1547-1553 (1992). The
leucine zipper peptides Irom the Fos and Iun proteins were
linked to the I'ab'ortions of two different antibodies by
gene fusion The antibody homodimers were reduced at the
hin c region to form monomcrs and then rc-oxirlizcd to form
thc antibody hctcrodimcrs. Thc 'diabody'* tcchnolo y
descnbed by Hollinger et al., Proc. No(I. Ared. Sri. IJSA, 90
6444-6448 (1993) has provided an alternative mechamsm
for mal ing bispecilicibivalent anubody fragments. The frag-
ments comprise a heavy-chain variable domain (Vn) cxsn-

nected to a light-chain variable rlomain (Vc) by a hnker
svhich is too short to allow pairing between the two domains
on the same chain. Accordingly, the Vii and Vr domains of
one fragment are forced to pair with ihe complementary Vc
and V,i domains of another fragment, thereby forming two
anngen-biiuhng sites Another strategy for makm ~ bispe-
cific,'bivalent antibody fragments by the use of single-chain
I'v (si v) dimers has also been reporterl. See (lruber et al, I
Inonuiiol., 132:3368 (1994).

[0172] Antiiiorlies with morc than tsvo valencies are con-
(ample(eel. For example, tnspecilic anubodies can be pre-
pareil. Tuit et aL, I Immunoi. 147. 60 (1991).

[0173] L'xemplary bispecific antibodies may hind to two
different epitopes on a given molecule Alternatively, an
anti-protein arm may bc combined with an arm which binrls
to a triggering molcculc on a leukocyte such as a T-cell
rcccptor moicculc (c.g, CD2, CD3, CD28 or B7), or Fc
receptors for I G (FcyR), such as FcyRH (CD64), Fc(RHI
(CD32) aiul FcyRII (CDI6) so as to focus cellular tlefense
mechanisms to the cell expressing the particular protein.
Bispecific antibocis may also be used to localize cytotoxic
agents to cells which cxprcss a particular protein. Such
antiborlies possess a protein-binding arm and an arm which
binrls a cytotoxic a cnt or a radionuclidc chclator, such as
EOTUBE, DPI'A, DOTA or TETA. Another bispeciiic anu-
body of. interest biiuls the protein of mterest and further
binds tissue factor ('I'I')

[0174] 6) Hctcroconjugatc Antiliodics

[0175] I ieteroconjugate antibodies are also within the
scope of the present invention I leteroconjugate antibodies
arc composed of two covalently joincrl antibodies For
example, one of thc antibodies in thc hctcroconju ate can bc
coupled to avidin, the other to bioun. Such annbodies have,
for example, been proposed to target immune system cells to
unwanieil cells, U S Pat. No. 4,676,980, and for treatment
of HIV infection WO 91/00360, WO 921200373 and L'P

03(593(i It is contemplated that the antibodies may be

prcparcd in vitro using known mcthorls in synthetic protein
chemistry, inchiding those involving crosslinking agents.
For example, immunoioxins may be constructed using a

disulfide exchange reaction or by forming a thioether bond
Lixamples of suitable rea ents for this purpose include
iminothiolate and methyl-4-mercaptobutyrimidatc and those
rhscloscd, for example, in U.S. Pat. No. 4,676,98(t. Hetero-
conjugatc antibodies niay bc made using any convcnicnt
cross-linking methods. Suitable cross-linking agents are
well I nown in ihe, ari, and are disclosed in U.S Pat. No.
4,(i76,980, along with a nmnlier of cross-linking techniques

[0176] 7) Lfl'ector I'unction L'ngineering

[0177] It may bc dcsirablc to modify thc antibody of thc
invention with respect to cficctor function, so as to cnhancc
the eifectiveness of. Ihe anubody in treating cancer. For
example, cysieine resiilue(s) may be introduced into the Fc
region, thereby allosving interchain disulhde bond formation
in this region. I'he homodimeric antibody thus generaterl
may have improved internalization capability and or
increased complement-mediated cell killing anil antibody-
rlcpcndcnt ccliular cytotoxicity (ADCC) Scc Caron ct al.,J.
Lxp Med. 176.1191-1195 (1992) anil Shopes, I Immunoi.
148 2918-2922 (1992). Homodimeric anubodies with
enhanced anti-tumor activity may also be prepared using
heterobifunctional cross-linkers as described in Wolff et al,
Cancer Iiesearcli S3 25(ifl-25(iS (1993). Alternatively, an
antiborly can be cngineercd that has dual Fc regions and may
thcrcby have enhanced complement lysis and ADCC capa-
bihties. See Stevenson et al., Aori-Cancer Drttg Deaigri 3.
219-230 (1989).

[0178] 8) Immunoconju ates

[0179] 'I'he invention also pertains to immunoconjugates
comprising an antiborly conjugated to a cytotoxic agent such
as a chcmothcrapeutic a cnt, toxin (e, an enzymatically
active toxin of. bacienal, fungal, plant, or animal origin, or
fragments thereof), or a radioactive isotope (i.e., a radio-
conjugate)

[0180] (lhemotherapeutic agents useful in the generation
of such immunoconju ates include BCNU, strcptozoicin,
vincristine, vinblastine, adriamycin and 3-fluorouracil.

[0181] L'nzymatically active toxins and fragments thereof
that can be used include diphtheria A chain, nonbinrling
active fratgnents of diphtheria toxin, exotoxin A chain (from
Pseudoinonos aerugiiioso), ricin A chain, abnn A chain,
modcccin A chain, alpha-sarcin, Aieiiriies fordii proteins,
thanthin proteins, Pfiyroloco nmrricrmu proteins (PAPI,
PAPE, aiul PAP-S), momordica charanua inhibitor, curcin,
crotm, sapaonaria oflicinalis inhibitor, gelonin, mitogellin,
restrictocin, phenomycin, enomycin, and the tricothecenes

[0182] Conjugates of the antibody aiul cytotoxic agent are
made using a variety of bifunctional protein-coupling agents
such as N-succinimidyl-3-(2-pyndyldithiol) propionaie
(SPDP), iminothiolane (I'I'), bifunctional derivatives of imi-
doesters (such as dimethyl adipimidate I ICI.), active eaters
(such as disuccinimidyl suiieratc), alrlchydcs (such as glu-
tarcldchydc), bis-azido conipounrls (such as bis (p-azido-
benzoyl) hexanediamine), bis-duizonium dewvatives (such
as bis-(p-diazoniumbenzoyl)-ethylenediamine), dnsocyan-
ates (such as iolyene 2,6-diisocyanaie), and bis-acuve fluo-
rine compounds (such as 1,5-difluoro-2,4-dinitrobenzene)
I'or example, a ricin immunotoxin can be prepared as Regeneron Ex. 2019 
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clcscribcd in Vitctta ct al, Science, 238: 1098 (1987) Car-
bon-14-labeled I-isothiocyanatobenzyl-3-methyldiethylene
triaminepentaaceuc acid (MX-DTPA) is an exemplary
chelating agent for conjugation of radionucleotide to the
antibody. See WO94/I IOZ(i The linker may be a "cleavable
linker'* facilitating rclcasc of the cytotoxic drug in thc cell.
For cxamplc, an acid-labile linker, pcptidasc-snsitive linker,
din)ethyl linker or chsulfirlc-containin linker (Chari ct al.,
Cnrtcer Res. 52 127-131 (1992)) may be used.

[0183] Additionally, the small molecule toxins such as
calicheamicin, maytansine (U 8 Pat No S,2(18,02(f), tn-
chothene and (X'1065 are also contemplated an conjugat-
able toxins for use ivith the inventive formulation. In one
enibodimcnt thc full length antiliody or anti cn binding
fragments thereof can bc conjugated to onc or morc may-
tansinoid molecules (e g., about I to about 10 maytansinoid
molecules per annbody molecule). Maytansinoitls are mito-
totic inhibitors which act by inhibiting tubulin polymenza-
tion Maytansmoids, isolated from natural sources or pre-
pared synthetically, including maytansine, maytansinal and
clcrivativcs and analo ucs thcrcof have i)can described, sccc, U.S. Pat. No. 3,2()8,020 and rcfi:rcnces citerl thcrcin
(see coL 2, line 53 to col. '3, line 10) and U.S. Pat Nos.
3,896,111 anti 4,151,042. Method of preparing antibody-
maytansinoid conjugates are also described in U.S. Pat No.
5,208,020. In a preferred embodiment, a maytansinoid is
linked to the antibody via a disulfide or other sulfur-
containing linker group. Maytansinc may, for cxamplc, be
convcrtccl to May-SS-Me, which may bc reduced to May-
SH3 aml reacted with modilied anubody to generate a

maytansinoid-anubody immunoconfugate. Chan et al., Can-
cer Res. 52 127-I31 (1992) The antiborly can be modified
fiy known methods and the antibody containing free or
protected thiol groups is then reacted with a disulfide
containing maytansinoid to produce thc conjugate Thc
cytotoxicity of thc antibody-maytansirioid conjugate can bc
measured in vitro or in vivo by known me(boils and the IC,c
determinetl.

[0184] ('alicheamicin is another immunoconjugate of
interest 'I'he calicheamicin family of antibiotics are capable
of producing double-stranded DNA breaks at sub-picomolar
concentrations. Structural analogues of calichcamicin which
may bc used include, but arc not limitcrl to, 73 o cta',
N-aceytl-73', PSAG and 0', (Hinman et al., Cancer Res.
5'3.3'336-3342 (1993) and Lode et al., Cancer Res. 58.2925-
2928 (1998)). Other anu-tumor drugs that the antibody can
be conjugated to include Ql'A which is an antifolate 13oth

calicheamicin and Ql'A have intracellular sites of actions
and do not readily corss the phssma membrane. Thercforc,
cellular uptake of thcsc agents through antibody mcdiatcd
internalization greatly enhances their cytotoxic efi'ects

[0185] Immunocontugates formed between an antiborfy
and a compound with nucleolytic acuvity (e.g., a ribonu-
clease or DNA endonuclease such as deoxyribonuclease,
DNase) are also contemplated

[0186] Thc antibody may also bc conjugated to a highly
radioactive atom. A variety of radionuclidcs are availaffic for
the production of radioconfugated antibodies. Examples

P aml Pb " anti radioactive wotopes of Lu. When the
conjugate is used for diagnosis, it may comprise a radioac-
tive atom for scintigraphic sturlies, for example Tcvc or I',

or a spin label for nuclear magnetic rcsonancc (nmr) ima-
ing (also knov:n as magnetic resonance imaging, mn), wuch
as iodine-123, iodine-131, indium-ill, fiuonne-19, carbon-
13, nitrogen-IS, oxygen-17, gadolinium, manganese or iron

[0(87] I'he radio- or other labels may be incorporated in
thc conjugate in known ways. For example, thc peptide may
bc biosynthesizcd or may bc synthesized by chemical amino
acirf synthesis using suitable amino acid precursors involv-
ing, for example, fiuonne-19 in place or hydrogen. Labels
such Tc or I', Re'"', Re'ml In'" can be attached via
a cysteine residue in the peptide. Yttrium-90 can be attached
via a lysine residue. The IODO(ILNtgi method can be userl
to incorporate iodine-123, Fraker ct al., Bioficm. Biopfiyi.
Rcs. Conunun. 80;49-57 (1978). Other mcthorls of conju-
gating rarfionuclides are descnbed in "Monoclonal Anubod-
ies in Immunoscintigraphy," (Chatal, CRC Press 1989).

[0188] Alternatively, a fusion protein compnsing the anti-
body and the cytotoxic agent may be made by recombinant
techniques or peptide synthesis. The length of DNA may
comprise respective re ions cncodin thc two portions of thc
conjugate either adjacent to onc another or scparatcd by a
region encoding a linker pepude which does not destroy the
desirerf properties of the contugate.

[0189] In another embodiment, the antibody may be con-
jugated to a *'receptor'* (such streptavidin) for utilization in
tumor prctargcting whcrcin thc antibody-rcccptor conjugate
is administered to the patient, followccl by removal of
unbouml confugate from the circulauon using a clearing
agent aml then arfmimstrauon of a "ligand'e.g, avidin) that
is conjugated to a cytotoxic agent (e, a rmhonucleotide).

[0190] ')) Immunoliposomes

[0191] The antibodies disclosed hcrcin may also bc for-
mulated as immunoliposomes. A "liposomc" is a small
vesicle composed of various types of lipids, phospholipids
anti/or surfactant which ts useful lor delivery of a dru ~ to a

mammal. The components of the liposome are commonly
arranged in a bilayer formation, similar to the lipid arrange-
ment of biological membranes

[0192] Liposomcs containing thc antibody are prepared by
mcthocls known in the art, such as clcscnbcd in Epstein ct al.,
Proc. Nuti.,4cad. Sci. US4, 82: 3688 (1985), Hwang et al.,
Proc. Nit(i. dead. 5ci. USA, 77. 4(t30 (1980), a mt U.S. Pai.
Nos 4,485,(I45 and 4,S44,S45 I.iposomes with enhancerl
circulation time are disclosed in U S Pat No 5,013,S56.

[0193] Particularly useful liposomcs can bc gcncratcrl by
thc rcvcrsc-phase evaporation method with a lipid compo-
sition comprising phosphatidylcholinc, cholcstcrol, and
PEG-derivatized phosphandylethanolamine (PEG-PE).
Liposomes are extruded through lifters of delined pore size
to yield liposomes with the desired diameter I ab'ragments
of the antibody of the present invention can be conjugated to
thc liposomes as described in Martin et al., J. Biol. Chcni.,
2S7 Z86-288 (1982) via a disultide-intcrchangc reaction. A
chcmothcrapcutic agent (such as Doxorubicin) is optionally
contained within the liposome. See Gabizon et al., J.
Nntivnui Cancer Insn 81(19).1484 (1989).

[0194] 1(f) Other Antibody Modifications

[0195] Other moddications of the antibody are contem-
plated herein f or example, the antibody may be linkerl to
one of a variety of nonproteinaceous polymers, e g, poly- Regeneron Ex. 2019 
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ethylene glycol, polypropylcne lycol, polyoxyalkylcncs, or
copolymers of polyethylene glycol anti polypropylene gly-
col. The anubody aLsoi may be entrapped in microcapsules
prepared, for example, by coacervation techniques or by
interfacial polymerization (for example, hydroxymethylcel-
lulosc or gelatin-microcapsulcs and poly-(methylmcthacry-
latc) microcapsulcs, rcspcctivcly), in colloirlal drug dclivcry
systems (for cxamplc, liposomcs, albumin microsphcres,
microemuLsions, nano-parucles and nanocapsules), or in
macroemuLsions. Such techniques and other suitable formu-
lations are disclosed in Remingron I'he Science and /'iec-
hce o/ /'/iermecy, 20th L'd, Alfonso (iennaro, L'd., Phila-
rlclphia College of Pharmacy and Scicncc (2000).

[0196] ('.. Lyophilizcd Formulations

[0197] The formulauons described herein may akso be
prepared as reconstituted lyophilized formulations. I'he pro-
teins or antdiodies described herein are lyophilized and then
rcconstitutcrl to produce the reduced-viscosity stable liquid
formulations of thc invention. In this particular embodiment,
after preparation of the promin of interest as described
above, a "pre-lyophdized iormulation's proiiuced The
amount of protein present in the pre-lvophilizetl formulation
is determined taking into account the rlesired dose volumes,
mode(s) of administration etc. I'or example, the starting
concentration of an intact antibody can bc from about 2
m iml to about 30 mp ml, prcfi:rably from about 5 m iml to
about 40 mg ml anil most prcfcrably from about 20-30
mg/ml.

[0198] 1) Preparauon of Lyophilized Formulations

[0199] The protein to be iormulated is generally present in
soluuon. For example, in the elevated ionic strength reduced
viscosity formulations of the invention, the protein may be
present in a pl I-bufi'ered solution at a pl I from about 4-8, and
preferably from about 5-7 'I'he buifer concentration can be
from about I mM to about 2(t mM, alternatively from about
3 mM to about 13 mM, rlcpcnding, for example, on the
bulTer and the desired tonicity of the formulauon (e.g. of the
reconstituted formulauon) Exemplary halfers and or salts
are those svhich are pharmaceutically acceptable and may lie
created from suitable acirls, bases anil salts thereof, such as
those which are defined under "pharmaceuticallv accept-
able*'cids, bases or buifi:rs

[0200] In onc cmbodimcnt, a lyoprotectant is added to thc
prc-lyophilizcrl formulation. Thc amount of lyoprotectant in
the pre-lyophilized formulauon is generally such that, upon
reconsiitution, the resulting formulation will be isotonic.
However, hypertomc reconstituted lormulations may also be
suitable In addition, the amount of lyoprotectant must not
be too low such that an unacceptable amount of degradation/
a rc ation of thc protein occurs upon lyophilization. How-
ever, cxcmplary lyoprotcctant concentrations in thc prc-
lyophilized formulation are from about 10 mM to about 400
mM, alternatively irom about 30 mM to about 300 mM,
alternauvely from about SO mM io aboui 100 mM. Exem-
plery lyoprotectants include sugars and sugar alcohols such
as sucrose, mannose, trehalose, glucose, sorbitol, mannitoL
Howcvcr, under particular circumstances, certain lyopro-
tcctants may also contribute to an incrcasc in viscosity of thc
formulation. As such, care should be (alen so as to select
particular lyoprotectan(s which minimize or neutralize this
elTect. Addiuonal lyoprotectants are descnbed above under
the definition of "lyoprotectants'1 also referred herein as
"pharmaceutically-acceptable sugars**

[0201] The ratio of protein to lyoprotcctant can vary for
each particular protein or anubody and lyoprotectant com-
bination. In the case of an anubody as the protein of choice
and a sugar (e g., sucrose or trehalose) as the lyoprotectant
for generating an isotonic reconstituted formulation with a

high protein concentration, thc molar ratio of lyoprotcctant
to antibody may bc front aliout 100 to about 150(t molcs
lyoprotcctant to I mole antibody, anil prcfcrably from about
200 to about 1(t00 moles of lyoprotectant to 1 mole anubody,
fiir example from about 200 to about 600 moles of lyopro-
tectant to I mole antiiiody

[0202] In a preferred cmliodiment, it may bc rlcsirablc to
add a surfactant to the pre-lyophilize&i formulauon. Alter-
natively, or in addiuon, the suriactant may be added to the
lyophihzed fomiulation andior the reconstituted formula-
tion. Exemplarv surfactants inclurle nonionic surfactants
such as poiysorbates (c.g, polysorbatcs 20 or 8(t); polyox-
amcrs(c.g, poloxamcr 188); Triton, sorlium octyl lycoside;
lauryl-, myristyi-, linolcyl-, or stearyl-sulfobctainc; lauryl-,
mynstyl-, linoleyl- or stearyl-sarcosine, linoleyl-, myrtstyl-,
or cetyl-betaine, lauroamidopropyl-, cocamiiiopropvl-,
hnoleamidopropyl-, myristamidopropyl-, palmidopropyi-,
or isostearamidopropyl-betaine (e.g lauroamidopropyl);
myristamidopropyl-, palmidopropyl-, or isostearamidopro-
pyl-dimcthylaniinc; sodiuni methyl cocoyl-, or disodium
methyl olcyl-taurate; and the MONAQUArss series (Mona
Imlustnes, Inc., Paterson, N.J.), polyethyl glycol, polypropyl
glycol, aml copolymers of ethylene and propylene glycol
(e g. Pluronics, PF68 etc) The amount of surfactant arlderl
is such that it reduces particulate formation of the reconsti-
tuted protein and mininiizcs the formation of particulates
after reconstitution. For example, thc surfactant may iic
prcscnt in thc prc-lyophilizerl formulation in an amount from
about (t.001-(t.5%, alternauvely from about 0.005-0.055k

[0203] A mixture of the lyoprotcctant (such as sucrose or
trchalosc) and a bulkin agent (c g. mannitol or glycinc)
may bc used in thc preparation of thc pre-lyophilization
iormulation. The bulking agent may allow for the production
of a uniform lyophilized cake without excessive pockets
therein etc. Other pharmaceutically acceptable carriers,
excipients or stabilizers such as those descnbed in gennng-
/on's Phunnuceurire/.Sciences 16th crhtion, Osol, A. Ed.
(1980) may be inclurlcd in thc prc-lyophilizcd formulation
(anil/or the lyophilizcrl formulation anil or thc rcconstitutcd
fiirmulation) provided that they do not adversely aiTect the
desireri charactenstics of the formulauon. Acceptable carn-
ers, evcipients or stabilizers are nontoxic to recipients at the
dosages and concentrations employed and include; addi-
tional butfcring agents; prcscrvativcs; co-solvents; antioxi-
dants including ascorbic acid and mcthioninc; chelatin
a cnts such as EDTA; metal complcxcs (c.g Zn-protein
complexes); biodegradable polymers such as polyesters,
anti/or salt-forming countenons such as sodium.

[0204] Thc formulation herein may also contain morc than
onc protein as necessary for thc particular inrlication lacing
tres(crt, preferably those with complementary acuvities that
do not ailversely ailect the other protein. For example, it may
be desirable to provide two or more antibodies which hind
to the desired target (e g., receptor or antigen) in a single
formulation. Such proteins arc suitably present in combina-
tion in amounts that arc cfl'ective for the purpose inmndcd.

[0205] 'I'he formulations to be used for m vivo adminis-
tration must be sterile. This is readily accomplished by Regeneron Ex. 2019 
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filtration through stcrik filtration membranes, prior to, or
follosving, lyophilmation and reconstitution Alternatively,
sterility of thc entire mixture may bc accomplished by
autoclaving the ingredients, except for protein, at about120'.

for about 30 minutes, for example.

[0206] After the protein, optional lyopn&tectant and other
optional components arc mixixl togcthcr, thc fomiulation is
lyophilized. Manv different freeze-drvers are available for
this purpose such as HuILS(t'v (Hull, USA) or GT20&n

(Leybold-Heraeus, Germany) freeze-dryers. Freeze-dryin ~

is acconiplishcrl by frcczing thc formulation and subsc-
qucntly sut&limin icc from thc frozen content at a tempera-
ture suitable for pnmary drying. Under this comlition, the
product temperature is below the eutecuc point or the
collapse temperature of the Jormulation. Typically, the shelf
temperature for the pnmary drying will range from about
—30 to 25' (provided the product remains frozen during
primary drying) at a suitable pressure, ranging typically
front at&out 5(t to 250 mTorr Thc formulation, size and type
of the container holding the sample (e.g., glass vial) anil the
volume of liquid will mainly dictate ihe nme required for
drying, which can range Irom a iew hours to several days
(e g. 40-60 hrs) Optionally, a secondary drying stage may
also be performed depending upon the desired residual
moisture Jcvcl in the product. Thc mmpcraturc at which the
secondary drying is carried out ranges from about 0-40'.,
depending primanly on the type aml size of contamer aml
the type of protein employed. For example, the shelf tem-
perature throu bout the enure water removal phase of lyo-
philization may be from about J5-30' (e g., about 20' ).
'I'he time and pressure required for secondary drying will be
that svhich produces a suitable lyophilizcd cake, dependent,c, on thc tcmpcraturc anil other parameters. The second-
ary drying time is dictated by the desired residual moisture
level in the product and typically takes ai least aboui 5 hours
(e.g. 10-15 hours). The pressure may be the same as that
employed during the primary drying step I'reeze-drying
conditions can be varied rlepending on the formulation and
vial size.

[0207] 2. Reconsutution of a Lyophilizeil Formulation

[0208] Prior to administration to the patient, the lyo-
philizcrl formulation is rcconstitumd with a pharmaccuti-
cally acceptable diluent such that thc protein concentration
in the reconstituted Jormulation is at least about 50 mg,'ml,
for example from about 50 mg/ml to about 400 mg,'ml,
alternatively from about 80 mg/ml to about 300 mg,'ml,
alternatively from about 90 mg,'ml to about ISO mg/ml Such
high protein concentrations in the reconstituted formulation
are consirlcrcrl to bc particularly useful whcrc subcutaneous
dclivcry of thc rcconstitutcrl formulation is intcndcd. How-
ever, fir other routes of administration, such as intravenous
administration, lower mncentrattons of the protein in the
reconstituted formulauon may be desired (for example from
about S-50 mg/ml, or from about I (I-40 mgiml pmtein in the
reconstituted formulation) In certain embodiments, the pro-
tein concentration in thc rcconstitutcrl formulation is sig-
nificantly higher than that in the pre-lyophilized formula-
tion. For example, the protein concentration in the
reconsiituteil Jormulation may be about 2-40 nmes, alterna-
tively 3-10 umes, alternahvely 3-6 umes (e.g. at least three
fold or at least four fold) that of the pre-lyophilized formu-
la(in(1

[0209] Reconstitution generally takes place at a tcmpcra-
ture of about &&'. to ensure complete hydrauon, although
other temperatures may be employed as desired. The ume
required for reconstitution will depend, e g., on the type of
dduent, amount of excipient(s) and protein Lxemplary
rhlucnts include stcrilc water, t&actcriostatic water for injec-
tion (BWFI), a pH buffcrcd solution (c.g. phosphate-buff-
crcd saline), sterile saline solution, Ringer's solution or
dextrose soluuon. The diluent optionally contains a preser-
vative. Exemplary preservatives have been de&cubed above,
with aromatic alcohols such as benzyl or phenol alcohol
heing the preferred preservatives. The amount of preserva-
tivc cmploycd is determined t&y assessing dift'crcnt prescr-
vativc concentrations for conipatitiihty with thc protein and
prcscrvativc cihcacy testing. For cxamplc, if thc prescrva-
uve ts an aromauc alcohol (such as benzyl alcohol), it can
be present in an amount from about 0 1-2.0% and preferably
from about ().S-J.5%, but most preferably about I 0-1 2%.

[0210] Preferably, the reconsututed formulahon has less
than Ci(XX) particles per vial which are ~10 Bm in size

[0211] D. Liquid Formulations

[0212] Therapeutic formulations are prepared for storage
by mixing the active ingredient having the desired degree of
purity svith optional phannaceutically acceptable carriers,
excipients or stabilizers (((en&a&gian's P/tarmacearrcal Sci-
ences 18th edition, Mack Publishing Co., Easton, Pa. 18042
[199(t]). Acceptable carriers, excipients, or stabilizers arc
nontoxic to recipients at the dosages aml concentrauons
employeil, and incluile bulTers, antioxidants including ascor-
bic acid, methionine, Vitamin L', sodium metabisulfite; pre-
servatives, isotonicifiers, stabilizers, metal complexes (e e,

Zn-protein complexes); chelating agents such as LITIJA
and/or non-ionic surfactants.

[0213] When thc thcrapcutic agent is an antibody fra-
mcnt, thc smallest inhit&itory fragment which specifically
binds to the binding domain of thc target protein is pre fcrrcd.
For example, based upon the variable region sequences of an
antibody, antibody fragments or even pepude molecules can
be designed svhich retain the ability to bind the target protein
sequence Such peptides can be synthesized chemically
and&or produced by rcconibinant DNA technology (scc, e.g.,
Marasco et ai, Pmc. /((all. Aced. Scl. USA 9(t: 7889-7893
[1993]).

[0214] Iiuffers are used to control the pl I in a range which
optimizcs thc therapeutic cffcctivencss, cspccially if stability
is pH dependent. Buffcrs arc prcfi:rably prcscnt at concen-
trations ranging from about 50 mM to about 250 mM.
Suitable bulTemng agents for use with the present invention
include both organic and inorganic acids anil salts thereof.
I'or example, citrate, phosphate, succinate, tartrate, fuma-
rate, gluconate, oxalate, lactate, acetate Adrlitionally, buff-
crs may bc comprised of histirlmc and trimcthylaminc salts
such as Tris.

[0215] Preservatives are added to retarrl microbial growth,
and are typically present in a range from 0 2%-1 0% (w/v)
Suitable prcservatives for use svith thc prcscnt invention
inclurlc (such as octarlccyldinicthylbcnzyl ammonium chio-
n&le; hexamethonium chloride; benzalkonium hei&des (e.g.,
chloride, bromirie, ioihde), benzethonium chloride, thime-
rosal, phenol, butyl or benzyl alcohol, alkyl parabens such as
methyl or propyl paraben; catechol; resorcinol; cyclohex-
anol, 3-pentanoi, and m-cresol Regeneron Ex. 2019 
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[0216] Tonicity agents, somctimcs known as "stabilizers"
are present to adjust or maintain the tonicity of liquid a
composition When used with large, chargecl biomolecules
such as proteins and antibodies, they are often termed
"stabilizers*'ecause the can interact with the charged
groups of the amino acicl side chains, thcrcby lcsscning the
potential for inter and intra-molecular interactions. Tonicity
a ants can bc present in any amount bctwcen 0.1% to 25%
by weight, preferably I to 5%, takm ~ into account the
relative amounts of the other ingredients. Preferrecl tonmity
agents include polyhydnc sugar alcohols, preferably trihy-
dric or higher sugar alcohols, such as glycerin, erythntol,
arabitol, xvlitol, sorbitol ancl mannitol.

[0217] Adclitional cxcipicnts include agents which can
serve as one or more of the following: (I) bulking agents, (2)
solubdity enhancers, (3) stabilizers and (4) and agents
preventin denaturation or adherence to the container walL
Such excipiencs include polyhydric sugar alcolmls (enumer-
ated above); amino acids such as alaninc, glycinc,
lutaminc, asparaginc, histidinc, argininc, lysinc, omithinc,

lcucine, Z-phcnylalaninc, lutamic acid, thrconine, ctc,
organic sugars or sugar alcohols such as sucrom, lactose,
laciitol, Irehalose, stachyose, mannose, sorbose, xylose,
ribose, ribitol, myoinisitose, myoinisitol, galactose, galacti-
tol, glycerol, cvclitols (e.g, inositol), polyethylene glycol,
sulfur containing reducing agents, such as urea, glutathione,
thioctic acicl, soclium thio lycolatc, thiogdyccroI, m-mono-
thioglyccrol and sodium thio sulfate; low molecular weight
proteins such as human serum albumin, bovine serum albu-
min, gelatin or other cmmunoglobulins, hydrophilic poly-
mers such as polyvinylpyrrolidone; monosaccharides (e g.,
xylose, mannose, fructose, glucose; disaccharides (e g, lac-
tose, maltose, sucrose); trisaccharides such as rafiinose; and
polysaccharidcs such as clcxtrin or dextran.

[0218] Non-ionic surfactants or detergents (also known as
"wetung agencs'*) are present to help solubilize the thera-
peutic agent as ivell as to protect the therapeutic protein
against agitation-induced aggregation, which also permits
the formulation to be exposed to shear surface stress without
causing dcnaturation of thc active therapeutic protein or
antibocly. Non-ionic surfactants are prcscnt in a range of
about 0.05 mgiml to about 1.0 mgiml, preferably about 0.07
mgiml to about 0. mgrml.

[0219] Suitable non-ionic surfactants include polysorbates
(20, 40, (i0, (iS, SO, etc ), polyoxamers (IS4, ISS, etc),
Pluronic polyols, 'frnoncgi, polyoxyethylene sorbitan
monoethers ('IWeen -20, '(weevil-SO, etc ), lauromacrogol
400, polyoxyl 40 stearatc, polyoxycthylcnc hydrogenated
castor oil 10, 50 and 60, lycerol monostearatc, sucrose fatty
acid ester, methyl celluose and carboxymethyl cellulose.
Anionic deter ants that can be useci include sodium lauryl
sulfate, dioctyle sodium sulfosuccinate and dioctyl sodium
sulfonate Cationic detergents include benzalkonium chlo-
ride or benzethonium chloride

[0220] In order for the formulations to be used for in vive
administration, they must bc stcrilc. Thc formulation may bc
rcnclcrccl sterile by filtration through smrilc filtration mem-
branes. The therapeutic compositions herein generally are
placed into a container having a stenle access port, for
example, an intravenous solution bag or vial bavin ~ a

stopper pierceable by a hypoclermic injection needle

[0221] The route of aclmmistration is in accordance with
knoivn and accepted methods, such as by single or multiple

bolus or infusion over a long pcriocl of time in a suitable
manner, e.g., injecuon or iniusion by subcutaneous, intra-
venous, intrapiernoneal, mtramuscular, intraartenal, intrale-
sional or intraarticular routes, topical administration, inha-
lation or by sustained release or extended-release means

[0222] The formulation hcrcin may also contain morc than
onc active compouml as necessary for the particular indica-
uon bmng treated, preferably those with complementary
activities that do not adversely alfect each other. Alterna-
uvely, or in adchuon, the composihon may compose a

cytotoxic agent, cytokine or groivth inhibitory agent Such
molecuies are suitably present m combination in amounts
that arc cfi'ective for thc purpose intcndccl

[0223] The active in rcdicnts may also be cntrappcd in
microcapsules prepared, for example, by coacervauon tech-
niques or by inlerfacial polymenzahon, Ior example,
hydroxymethyiceliulose or gelatin-microcapsules and poly-
(methylmethacylate) microcapsules, respectively, in colloi-
dal drug delivery systems (for example, liposomes, albumin
microsphcrcs, microcmulsions, nano-particles ancl nanocap-
sulcs) or in macroemulsions. Such tcchniqucs arc disclosed
in Remittgrvtt 3 Pharmaceutical Sciences ISth ectition,
supra.

[0224] Sustained-release preparations may be prepared
Suitable examples of sustained-release preparations include
scmipcrmeablc matrices of solid hydrophobic polymers con-
tainin the antibody, which matrices are in thc form of
shaped articles, e.g. Iilms, or microcapsules. Examples of
sustained-release matnces include polyesters, hydrogels (for
example, poly(Z-hydroxyethyl-methacrylate), or poly(viny-
lalcohol)), polylactides (U.S. Pat. No 3,773,919), copoly-
mers of I.-glutamic acid and l-ethyl-l.-glutamate, non-de-
gradable ethylene-vinyl acetate, degradable lactic acid-
glvcolic acid copolymcrs such as thc LUPRON DEPOT'"
(injectable microspheres composed of lacnc acid-glycolic
acicl copolymer and leuprolide acetate), ami poly-D-(—)-3-
hydroxybutyric acid. Microencapsulahon of recombinant
proteins for sustained release has been successfully per-
formed with human groivth hormone (rhGH), interferon-
(rhIFN-), intcrleukin-2, ancl MN rpg 120. Johnson ct al., Nar.
Med. 2: 795-799 (1996); Yasuda et al, Biomed. Ther. 27:
1221-1223 (1993); Hora ct al., BioiTechaology 0 755-75S
(1990); Clelanci, "Design anil Producuon of Single Immu-
nization Vaccines Umng Polyhictide Polyglycolide Micro-
sphere Systeins,*'n Vaccine Design Jllie hiabaiiir and Adjn-
vaar ztpprvach, Powell and Neivman, eds, (Plenum Press
Ncw York, 1995), pp. 439-462; WO 97i03692; WO
96 40072; WO 96,'07399; and U.S. Pat. No 3,654,010.

[0225] The sustained-release formulations of these pro-
teins may be developed using poly lactic-coglycolic acicl

(PI.GA) polymer due to its biocompatibility ancl wide range
of bioclcgradable properties. Thc dcgraclation products of
PLGA, lactic and lycolic acids, can bc clcartxl quickly
within Ihe human body. Moreover, the degradability of ibis
polymer can be adjusted from months to years dependin ~ on
its molecular weight and composition I,ewis, "Controlled
release of liioactive agents from lactiderglycolide polymer'*,
in Biodegradable I'vlymers as Drag llehi cry Syireins (Mar-
cel Dckkcr; New York, 1990), M. Chasin and R. Langcr
(Eds.) pp. 1-41.

[0226] While polymers such as ethylene-vinyl acetate ancl

lactic acid-glycolic acid enable release of molecules for over Regeneron Ex. 2019 
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100 clays, certain hydrogcls rclcasc proteins for shorter time
periods When encapsulated antibodies remain in the body
for a long time, they may rlcnaturc or aggrc atc as a result
of exposure to moisture al 37'., resulung in a loss of
biolo ical activity and possible changes in immunogcnicity.
Rational strate ies can be devised lor stabilization ilepend-
ing on the mechanism involved I'or example, if the aggre-
gation mechamsm is discovered to be intermolecular S—S
bond formation through thio-disulfide interchange, stabih-
zation may be achieved by modifying sulfhydryl residues,
lyophilizin from acidic solutions, controlling moisture rcon-

tcnt, using appropriate additives, and dcvcloping spccihc
polymer matrix compositions

[0227] Liposomal or proteinoid compositions may also be
used to formulate the proteins or antiborlies disclosed herein.
See U.S. Pat. Nos 4,925,673 and 5,013,556.

[0228] Stability of thc proteins and antibodies describcrl
hcrcin niay bc cnhanccrl through the use of non-toxic
"water-wiluble polyvalent metal salts*( Examples include
Ca, Mg, Zn, Fe', Fe ', Cu, Sn, Sn, Al and
Als . Example anions that can form water soluble salts with
the above polyvalent metal cations include those formed
from inorganic acids and/or organic acids Such water-
solublc salts have a solubility in water (at 20'.) of at least
about 20 mgiml, alternatively at least about 100 mg ml,
alternauve al least about 200 mg,'ml.

[0229] Suitable inorganic acids that can he used to form
the "water soluble polyvalent metal salts** include hydro-
chloric, acetic, sulfunc, nitric, thiocyanic and phosphoric
acid. Suitable or anic acids that can bc uscrl include ali-
phatic carboxylic acid and aromatic acids. Aliphatic acids
within this delinnion may be defined as saturateil or unsat-
urated Cz s carboxylic acids (e.g., aliphahc mono-, di- and
tri-carboxylic acids) I'or example, exemplary monocar-
boxylic acids within this definition include the saturated Ci „
monocarboxylic acids acetic, proprionic, butyric, valcric,
caproic, cnanthic, caprylic pclargonic and capryonic, and the
unsaturaleil C. a monocarboxylic acids acrylic, propnohc
melhacrylic, crotonw. and isocrolonic acids. Exemplary
dicarboxylic acids include Lhe sauiraled C s ihcarboxyhc
acids malonic, succinic, glutanc, adipic and pimelic, ivhile
unsaturated C 1 dicarboxylic acirls include maleic, fumaric,
citraconic anil mcsaconic acids. Exemplary lricarboxylic
acids include thc saturated Cz, lricarboxylic acids tricar-
ballylic aml 1,2,3-butanetricarboxyhc acid. Additionally, the
carboxylic acids of this deiinilion may also contain one or
two hydroxyl groups to lorm hydroxy carboxylic acids.
L'xemplary hydroxy carboxylic acirls inclurle glycolic, lac-
tic, glyceric, tartronic, maire, tartaric and citric acid Aro-
matic acirls within this definition include benzoic and sali-
cvlic acirl.

[0230] Commonly employed water soluble polyvalent
metal salts ivhich may be used to help stabilize the encap-
sulated polypeptides of this invention include, for example
(I) the inorganic acirl metal salts of halirlcs (c.g., zinc
chloride, calcium chloride), sulfates, nilratcs, phosphates
and thiocyanales; (2) lhe aliphauc carboxylic acid metal
salLs (e.g., i:illcium acetate, ziiic acetate, calcium Iiroprioil-
ale, zinc glycolale, calcium lactate, zinc lactate anil zinc
tartrate); and (3) the aromatic carboxylic acid metal salts of
benzoates (e.g., zinc benzoate) and salicylates.

[0231] E. Methods of Treatment:

[0232] For lhe prevenuon or treatment of disease, the
appropriate rfosage of an active a enl, will depend on the
type of disease to be treated, as defined above, the severity
and course of the disease, whether the agent is administered
for prcvcntivc or therapeutic purposes, previous therapy, thc
patient's clinical history and response to thc agent, and thc
ihscrelion of the auenihn ~ physician. The agent is suitably
administered to the patient at one ume or over a senex of
treatments.

[0233] A preferred method of treatment is the treatment of
IgE-mediated disorders. IgE mcdiatcrl disorrlcrs includes
atopic disorders, which are characterized by an inhcritcd
propensity to respond immunologically to many common
naturally occurnng inhaled an&i ingested anugens and the
conunual producuon of. IgE anubodies. Specilic atopic dis-
orders includes allergic asthma, allergic rhinitis, atopic der-
matitis and allergic gastroenteropathy Atopic patients often
have multiple allergies, meaning that they have IgL anti-
bodies to, and symptoms from, many cnvironmcntal allcr-
gcns, including poilcns, fungi (c.g., molds), animal and
insect debns anrf certain foods.

[0234] However disorders associate&i with elevated lgE
levels are not limited to those with an inherited (atopic)
etiology Other disorders associated with elevated lgL'ev-
els, that appear to bc I E-mcrliatcrl and are trcatablc with lhc
formulations of this present invention include hypcrscnsi-
tivily (e.g., anaphylacuc hypersensiuvity), eczema, urucaria,
allergic bronchopulmonary aspergillosis, parasitic diseases,
hyper-IgE symlrome, alexia-lelangieclasia, Wiskou-Aldrich
syndrome, thymic alymphoplasia, I L myeloma and graft-
versus-host reaction

[0235] Al(ergic rltirtiris, also known as allergic rhinocon-
junctivitis or hay lever, is lhe most common m anil cata tion of
an atopic reaction to inhaled allergens, the severity anti
duration of which is ofien correlative ivith the intensity anti
length of exposure to the allergen It is a chronic disease,
which may first appear at any a c, but thc onset is usually
rlurin childhood or adolcsccncc. A typical attack consists of
profuse watery rhinorrhea, paroxysmal sneezing, nasal
obstruction aml itching of lhe nose and palate. Postnasal
mucus drainage also causes sore throat, throat clearing anti
cough. 'I'here can also be symptoms of allergic blepharo-
conjunctivitis, ivith intense itching of the conjunctivae and
cyclids, redness, tearing, and photophobia. Scverc attacks
arc often accompanicrl by systemic malaise, wcakncss,
langue, aml sometime, muscle soreness alter intense penods
of sneezing.

[0236] Asthma, also known as revcrsiblc obstructive air-
way rhscase, is charactcrizerl by hypcrrcsponsivcncss of lhc
tracheobronchial iree to respiratory irritants and bronchoc-
onstrictor chemicals, producmg snacks of wheeinng, dysp-
nea, chest tightness, aml cough that are reversible sponta-
neously or with treatment It is a chronic disease involving
the entire airivay, but varies in severity from occasional mild
transient episodes to severe, chronic, life-thrcatcning bron-
chial obstruction. Asthma and atopy may cocxhist, but only
about hall: of aslhmaucs are also atopic, anil an even smaller
percentage of alopic panenls also have asthma However,
alopy aml asthma are no(entirely imlepen&lent in that asthma
occurs more frequently among alopic than amongst non-
atopic individuals, especially durin childhood Asthma has Regeneron Ex. 2019 
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further been historically broken down into two subgroups,
extnnsic asthma and intnnsic asthma.

[0237] Extmnsm asthma, also known as allergic, atopic or
immunologic asthma, is descriptive of patients that gener-
ally develop asthma early in life, usually during infancy or
childhood. Other manifestations of atopy, including eczema
or allergic rhinitis often cocxisL Asthmatic attacks can occur
during pollen seasons, in the presence of animals, or on
exposure to house dust, feather piflows, or other allergens.
Skm teens show positive wheal-and-flare reacnons to the
causative allergens. Interestingly, total serum IgL'oncen-
trations is frequently elevated, but is sometimes normal

[0238] Intrinsic asthma, also known as nonallcrgic or
idopathic asthma, typically first occurs during adult life,
after and apparent respiratory infecnon. Symptoms include
chrome or recurrent bronchial obstrucuon unrelated to pol-
len seasons or exposure to other aflegens Skin tests are
negative to the usual atopic allergens, serum IgL'oncen-
tration is normal. Additional symptoms include sputum
blood anil cosinophilia. Other schemes for classifying
asthma into subgroups, lire aspirin-sensitive, cxcrcise-in-
duced, infecnous and psychologic merely deline external
tri gemng factors that ailect certain patients more so than
others

[0239] I'inally, it is important to note that while some
classifications have historically associatcrl only aflcrgic
asthma with IgE rlcpcndcncy, thcrc is now strong statisti-
cally signiiicant data showing a correlanon between IgE aml
asthma (both allergic anil non-allergic). Chapter 27, "The
Atopic Diseases", A I. Terr in Medical Immunology, 9th
Ld., Siinon and Schuster, Stites et al, L'rl (1997). As a result,
the term "I L-mediaterl disorders', for purposes of this
patent application, includes both aller ic and non-aflcrgic
asthma.

[0240] Physical signs of an asthma attack include tachyp-
nea, audible wheezing, and use of the accessory muscles of
respiration Rapid pulse and elevated blood pressure are also
typically prcscnt, as arc clevatcrl levels of cosinophils in the
peripheral blood anil nasal sccrctions. Pulmonary functions
show a decrease in How rates and 1 second forceil expiratory
vohime (FEV,). The total lung capacny anti funchonal
residual capacity are typically normal or slightly increased,
faut may be decreased with extreme bronchospasm

[0241] The pathology of asthma can be distinguished by
early phase aml late phase reactions. The early phase is
characterized by smooth muscle contraction, edema and
hypersecretion, while the late phase reactions by cellular
intlammation Asthma can be inrluced by various non-
specific triggers including infections (c.g., viral respiratory
infections), physiologic factors (c.g., exercise, hypcrvcnti-
lation, deep breathing, psychologic iactors), atmosphenc
factors (e.g., sulfur dioxiiie, ammonia, cold air, ozone,
distilled water vapor), ingesiants (e.g., propranolol, aspimn,
nonsteroidal anti-inflammatory drugs), experimental inhal-
ants (e g, hypertonic solutions, citric acid, histamine,
mcthacholinc, prostaglanrhn F j and occupational inhal-
ants (c.g., isocyantcs). Vamous additional occupational or
environmental allergens that cause allergic asthma can
include, animal products, insect dusts, sea creatures, plant
products, fruits, seeds, leaves aml pollens, organic dyes and
inks, microbial agents, enzymes, therapeutic agents, steril-
izing agents, inorganic anil organic chemicals

[0242] Atopic dermatitis, also known as cczcma, ncuro-
dermatitis, atopic eczema or l3esnier*s prurigo, is common
chronic skin disorder specific to a subset of patients with thc
iamilial and immunologic leatures of atopy. The essential
fi:aturc is a pruritic rlcrmal inilammatory rcsponsc, which
induces a characteristic synimctrically distributed skin crup-
uon with preihlection for certain sites. There is also frequent
overprorfuction of. IgE by B lymphocytes. While atopic
ilermautis is clasmlied as a cutaneous form of atopy because
it is associated with aller ic rhinitis and asthma and high IgL
levels, the severity of the dermatitis, however, does not
always correlate with exposure to allcrgcns on skin testin,
and desensitization (unlike other alkrgic diseases) is not
elfective treatment. Whde high serum IgE is coniirmatory of
a diagnosis of aller nc asthma, normal levels do noi preclude
it. Onset of the ihsease can occur at any age, and lesions
begin acutely with erythematous edematous papule or
plaque with scaling Itching leads to weeping anil crusting,
then to chronic lichenification. On thc ccflular lcvcl, acute
lesion is cdenious and thc dermis is infiltrated with mono-
nuclear cells, CD4 lymphocytes. Neutrophtis, eosinophils,
plasma cells anrf basophils are rare, but degranulated mast
cells are present. Chrome lesions feature epidermal hyper-
plasia, hyperkeratosis and parakeratosis, and the dermis is
inhltrated with mononuclear cells, I.angerhans* cells anil
mast cells. Thcrc may also be focal areas of fibrosis,
including involvement of thc perineurium of small ncrvcs.

[0243] Allergic gastroenteropathy, also known as eosino-
philic gastroenteropathy, is an unusual atopic manifestation
in which multiple IgL'ood sensitivities are associated with
a local gastrointestinal tract mucosal reaction It is rare in
adults, but morc common, liut transient, in infants. Thc
comhtion results when mgeste&i iood allergens react with
local IgE antibodies in the lelunal mucosa liberate mast cell
meihators, resulhng m gastrointesunal symptoms shortly
after the meal Continued exposure producerl chronic
inflammation, resulting in gastromtestinal proteins loss anil
hypoprotcincmic cdcnia. Blood loss through thc inflamcd
intestinal mucosa niay be significant cnou h to cause iron
deiiciency anemia. The allergic reaction occurs locally in the
tipper gastroliltestlilill mllcrlsa lolirlwlilg allergi:il i:xposurc',
but resolves with allergen avoidance

[0244] Anaphylaxis and urticana are clearly IgE-mcdi-
atcd, but they lack enetic rlctcrminants, and have no
preililection for atopic individuals. Anaphylaxis is an acute,
generalized aflergic reaction with simultaneous involvement
of several organ systems, usually cardiovascular, respiratory,
cutaneous and gastrointestinal The reaction is immunologi-
cally mediated, and it occurs on exposure to an allergen to
which thc subject has bccn previously sensitizcrl. Urticaria
and angioedcma refers to thc physical swelling, crythcma
anil nching resulnng from histamine stimulated receptor in
superlicial cutaneous blood vessels, and is the hallmark
cutaneous ieature of systemic anaphylaxis. Systemic ana-
phylaxis is the occurrence of an IgL-mediaterl reaction
simultaneously in multiple organs resulting from drug,
insect venom or food. It is caused surldcnly by allcrgcn
induced, mast cell loaded IgE, resulting in profound and
life-threatening alteraiion in ihe functioning of venous vital
organs. Vascuhir collapse, acute airway obstruction, cutane-
ous vasodilation and edema, and gastrointestinal and gem-
tourinary muscle spasm occur almost simultaneously,
although not always to the same de ree Regeneron Ex. 2019 
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[0245] Thc pathology of anaphyL&xis includes angioedcma
and hyperintlated lungs, with mucous plugging of airways
and focal atckctasis. On a cellular level, thc lungs appear
simdarly as dunng an acute asthma anacl, with hyperse-
crction of bronchial submucosal glands, mucosal anil sub-
mucosal edema, penbronchial vascular congestion anil eosi-
nophilia in the bronchial walls Pulmonary edema and
hemorrhage may be present. Bronchial muscle spasm,
hyperinflation, and even rupture nf alveoli may also be
present. Important feature of: human anaphylaxis include
edema, vascular congestion, anil ensinophilia in the lamina
propria of thc larynx, trachea, cpi loftis and hypopharynx

[0246] L'xposure to the allergen may be thn&ugh ingestinn,
infection, inhalauon or contct with skin or mucous mem-
brane The reaction begins within seconds nr minutes after
exposure to the allergen There may be an iniual fright or
sense of impending doom, fnflowed rapidly by symptoms in

onc or niore target organ systems: cardiovascuL&r, respira-
tory, cutaneous and gastrointestinal

[0247] The allergen& responsible for anaphylaxis chEer
from those commonly associaterl with atopy I'nods, drugs,
insect vcnoms or latex arc the common sources. Food
aller ens inclurles those fond in crustaceans, mollusks (e g.,
lobster, shrimp, crab), fish, lcgumcs (e.g., peanuts, peas,
f&cans, licence), seeds (e g sesame, cottonseed, caraway,
mustar, flaxsccd, sunflowcr), nuts, bcrrics, cgg whites, buck-
wheat anil milk. Drug aflergens mclude those founil in
hctcrologous proteins and polypcptidcs, polysaccharides
and haptenic drugs. Insect allergens include Hymenoptera
insects, including the honeybee, yellnw jacket, hornet, ivasp
and lire ant.

[0248] While epinephrine is thc typical trcatmcnt for ana-
phyhixis, antihistamine or other histamine blockers are
typically prcscnbcd for less scvcrc urticaria or angiocdcmic
rt:actlilil.

[0249] F. Combination Thcrapics

[0250] The method of the invention can be combined with
known methods of treatment for IgE-mediateil disorder,
either as combined or additional treatments steps or as
additional components of a therapeutic formulation.

[0251] For cxamphh antihistamincs, cspccially non-sedat-
ing anuhistamines may be administered before, pnor to, or
commensurate with the anti-IgL'ntibodies of the invention.
Suitable antihistamines include those of the alkylamine
(e g., chlorpheniramine), ethanolamine (e.g, diphenhy-
draminc) and phcnothiazinc (c.g., promcthazinc). While
many antihistamines antagonize the pharmacological effects
of histamine by blocking its rcccptor sites on the cffcctor
celLs, other common snub&stamina drugs operate by block-
ing histamine release from mast cells that have been sensi-
tized and armed with allergen-specific IgLi (e g, cromolyn
sodium). Example antihistamines include astcmizole, aza-
tadine nialcatc, brophcniramine maleatc, carbinoxaminc
maleate, cetinzine hydrochlonde, clemastine fumarate,
cyproheptadine hydrochlonde, dexbrompheniramine male-
ate, dexchlorpheniramine maleate, dimenhydnnate, diphen-
hydramine hydrochloride, doxyl amine succinate, fex-
ofendadine hydrochlonde, terphenarline hydrochlnride,

hydroxyzine hydrochloride, loratirhnc, mcclizinc hydro-
chlnride, tripelannamine citrate, tripelennamine hydrnchlo-
ridc, tnprolidine hydrochloride.

[0252] Particular symptoms of IgL-mediated disorders
(e g., early phase reactions) can be amehorated with svm-
pathnmimetics nr drugs having bronchodialator efl'ect Lpi-
ncphnnc is a broad acting alpha and beta-adrcncr ic often
admmistered subcutaneously in a does of 02-(I 5 ml. of
I: f(Kl aqueous solution. A longer actin form of epincphrinc
(i e., terbutaline) in 1.200 suspension is also used when a

longer duration el(set is desired. Suitable additional beta-
adrenergics include albuterol, pirbuterol, metaproterenol,
salmeternl, isoetharine and formoterol for arlmmistration
nasally (e g., hand-held nebulizer, intermittent positive-pres-
sure breathing device, or mctcrcrl-dose prcssurizcd inhalcrs)
or orally.

[0253] Bronchodilation can also be achieved through
administration of xanthines, especiallv when they are
administered in combination with the above sympathnmi-
mctic drugs. Exaniplc xanthines inclurlc aminophyllinc (iv.
250-500 m ) and theophylline (oral, 10-20 Fgiml serum
concentration).

[0254] Other symptoms from various IgL-mediaterl disor-
ders (e g, late phase reactions) can he attenuated by treat-
ment ivith lucocorticoirls or other dru s having anti-inflam-
matory cffccts. Prcdnisone (30-60 m daily) is administcrcd
systemically for severe auacks, while beclomethasone
dipropionate, tnamcinolone acetonide anil flunisolide are
administered in aerosohzed form as long-term maintenance
therapy Additionaiy coricosteroids that have anti-inflamma-
tory effects include betamethasone, hudesonide, rlexam-
cthasonc, fludrocortisone acetate, flunisohdc, fluticasonc
propionatc, hydrocortisonc, mcthylprcrlnisolone, prcdniso-
lone, prerfnisone, tnamcmolone.

[0255] Non-steroidal anti-inflammatory drugs that may
aLso be used in combination with the therapeutic methnrls of
thc invention include, acctaminophcn, aspirin, bromfcnac
sodium, diciofenac sodium, rliflunisal, ctodolac, fcnoprofcn
calcium, flurbiprofen, ibuprofen, imlomethacin, ketoprofen,
meclofenamate soihum, mefenamic acid, nabumetone,
naproxen, naproxen soihum, oxyphenbutazone, phenylbut-
zone, piroxicam, suiindac, tolmetin sodium

[0256] Additionafly, thc maximum thcrapcutic benefit
may also be achieved with the administrauon of decon a&-

tents (e.g., phenylephnne, phenylpropanolamine, pseu-
iloephailnn), cough suppressants (e.g, dextromethorphan,
codeine, or hydrocodone) or analgesic (e g., acetaminophen,
aspirin)

[0257] Allergen desensiuzauon is a treatment form in
which aflergens are infected into the pauent for the purpose
or reilucing or eliminatmg the aflergic response It is also
known as allergen immunotherapy, hyposensitization or
allergy injection therapy It is often used in combination with
other allergy treatments, but not often as a primary trcat-
mcnt. It has been successful employcrl when allcrgcn avoid-
ance is impossible. A typical allergen desensiuzauon treat-
ment incorporates subcutaneous infection of sterile aflergen
in increainng doses once or twice a week unul a dose is
achieved that produces a transient small local area of inflam-
mation at the injection site. 'I'he clues is then given on a Regeneron Ex. 2019 
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maintcnancc schcdulc once cvcry 2-4 weeks. Allergic desen-
sitization is most often usecl in the treatment of allergic
asthma and aller ic rhinitis, althought is has had success in
treaun ~ anaphylaxis. Desensitization has also been el(ac-
tively usecl throu h the usc of adjuvants, such as incomplete
Freund's adluvant, which is an emulsion of aqueous anti en
in mineral ml. 'I'he physiological effect creates an insoluble
liquid depot from which droplets of allergen are radually
released. Another form of allergen desensitization is to
polymerize monomenc allergens with glutaraldehyde to
create a molecule ivith relatively low allergenity (i.e, causes
allergic rcsponsc), whik rctainin an cft'cctivc dcgrcc of
immunogenicity

[0258] G Pharmaceuucal Dosages:

[0259] Dosages and dcsircd drug concentration of phar-
maceuucal composiuons of lhe present invenuon may vary
clcpcndin on thc particular use envisioned. Thc clctcrmina-
uon of lhe appropriate dosage or route of admmistrauon is
well within the skill of an orchnary artisan. Animal experi-
ments provide reliable guidance ior the determinahon of
effective doses for human therapy Interspecies scaling of
eff'cctivc doses can bc performed followin thc principles
laid down by Morclenti, .I and Uhappell, W 'he Use of
Intcrspecics Scaling in Toxicokincticw,'n 1mvicoginerics
und New l&rng Deveiopmenr, Yacobi et al, L'ds, Pergamon
Press, Ncw York 1989, pp.42-46.

[0260] When in vive aclministration of the polypeptides or
antiboclies described hcrcin are used, normal dosage
amounts may vary from about 10 ng,'kg up to about t(IU

mg kg of mammal body weight or more per day, preferalily
about I mg;kg clay to 10 m ckg day, depending upon thc
route of administration Guiclancc as to particular dosages
and methods of delivery is provided in the literature, see, for
example, U.S. Pat. Nos. 4,657,760, 5,206,344, or 5,225,212.
Il is within the scope of the invention that different formu-
lations ivill be eff'ective for different treatments and ditl'erent
disorders, and that administration intended to treat a specihc
organ or tissue may ncccssitatc delivery in a manner differ-
ent from that to another organ or tissue. Moreover, dosages
may bc aclministcrccl by onc or more separate admimstra-
uons, or by conunuous iniusion. For repeated admimstra-
uons over several days or longer, depending on the conch-
tion, the treatment is sustained until a desired suppression of
disease symptoms occurs. Ilowever, other dosage regimens
may bc useful. Thc progress of this therapy is easily mom-
torcd by conventional tcchniqucs and assays.

[0261] H. Administration of the Formulauon

[0262] The formulations of thc present invention, includ-
in but not limitccl to reconstituted formulations, arc adnun-
tstered lo a mammal in neeci of treatment with the protein,
preferably a human, in accord with known methods, such as
intravenous administrauon as a bolus or by continuous
infusion over a period of time, by intramuscular, intraperi-
toneal, intracerobrospinal, subcutaneous, intra-articular,
intrasynovial, intrathecal, oral, topical, or inhalation routes.

[0263] In preferred embodiments, lhe iormulauons are
administerecl to lhe mammal by subcutaneous (i.e. beneath
the.skin) administration I'or such purposes, the formulation
may be injectecl using a syringe I lowever, other devices for

administration of the formulation are available such as
inlcction devices (c.. thc Inject-ease'" and Genjcct'u
devices); injector pens (such as the (ienpenan); auto-injector
clevices, needleless devices (e.g. Meddectorru and BioJec-
tor'"); and subcutaneous patch delivery systems.

[0264] In a specdic embochment, the present invention is
chrcctccl to kits for a singk dose-administration unit. Such
kits comprise a container of an aqueous formulation of
therapeutic protein or antibody, inclmhng both single or
multi-c:hambered pre-lilled syringes Exemplary pre-lilled
symngcs arc available from Vcttcr GmbH, Ravcnsburg,
Germany

[0265] I'he appropriate dosage ('*therapeutically effective
amount') of lhe protein will depeml, for example, on the
condition to be treated, the severity and course of the
condition, whether thc protein is administcrccl for prcvcntivc
or therapeutic purposes, previous therapy, the patient's clini-
cal history and rcsponsc to thc protein, thc type of protein
usecl, anil the discretion of. lhe auending physician. The
protein is suitably administerccl to thc patient at onc time or
over a senex of treatments aml may be administered lo the
patient at any time from cliagnosis onwards. Thc protein may
be administered as lhe sole treatment or in conluncuon with
other drugs or therapies useful in treating the conclition in

quesuon.

[0266] Where the protein of choice is an antibody, from
about 0 1-20 mgikg is an initial canchdate dosage for admin-
istration to the patient, vvhcther, for cxampk, by one or morc
separate administrations. However, other dosage regimens
may be useful. The progress of this therapy is easily moni-
tored by conventional techniques.

[0267] Uses for an anti-I E formulation (c.g., rhuMAbE-
25, rhMAbE-26, Hu-901) inclucle the treatment or prophy-
laxis of IgLumediated allergic diseases, parasitic infections,
interstitial cystitis aml asthma, ior example. Depending on
the disease or disorder to be treated, a therapeutically
et(ective amount (e.g. Irom about 1-15 mgilcg) of the anli-
IgL antibody is administered to the patient

[0268] I. Articles of. Manufacture

[0269] In another cnibodinicnt of thc invention, an article
of manufacture is provided which contains the formulation
and prcfi:rably provides instructions for its usc. Thc article
of manufacture composes a cxrntatner. Suitable containers
incluclc, for example, bottles, vials (c.g. clual chamber vials),
symnges (such as tangle or dual chamber synnges) and test
tubes. The container may be formed from a variety of
matenals such as ghiss or plastic. The container holds the
formulation and the label on, or associatecl with, the con-
tainer may indicate directions for reconstitution and or usc.
The label may I'urther indicate that the formulation is useful
or intended for subcutaneous administration Thc container
holding the formulation may be a multi-use vial, which
allows for repeat administrations (c.g from 2-6 administra-
uons) of the reconstituted formulation. The article of manu-
facture may further comprise a scconcl container comprisin
a suitable diluenl (e..g. BWFI). Upon mixing of the diluent
and the lyophilized formulation, the final protein concentra- Regeneron Ex. 2019 
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tion in thc rcconstitutcd formulation will generally bc at
least 50 mgimL The arucle of manufacture may further
include other matenals desirable from a commercial and
user standpoint, including other bufi'ers, diluents, filters,
needles, syringes, and package inserts with instructions for
usc.

[0270] Thc invention will bc morc fully understood by
reference to the following examples. They should not,
however, be construed as limiting the scope of the invention.
All citalionh throughout the disclosure are hereby expressly
incorporated by refcrcncc.

[0271] In another cmbodimcnt, the invention provides for
an anticle of manufacture comprising the formulations
descnbed herein for administration in an auto-inlector
device. An auto-injector can be described ah an injection
tlcvice that upon activation, will deliver its contents without
additional necessary action from the patient or administrator.
They are parucularly suited for self-metiication of therapeu-
tic formulauons when delivery rate must be constant anti the
time of tlclivery is grcatcr than a fcw moments.

L'XAMPI.L I

Preparation of Anti-IgL rhuMAbL'25 ("L'25**)

I'ormulation

[0272] Formulauons of the monoclonal anti-1 E antibotly
rhuMAbE25 were prepared from E25 hulk resitlual Lot
K9004A (40 mg,'ml rhuMAb E25, SS mM trehalohe, 5 mM
histidine, pl I (i, 0 Ol ng Tween 20) or rhuMAbL'25 ()-Pool (5
mgiml rhuMAb L'25, 25 mM Tris, 2(RI mM Nacl) Aqueous
solutions of rhuMAbE23 was prepared by dialysis into
difi'crcnt halfers (20 mM His-HC1 and 200 mM Arg-HCI, pH
6.0) ai 2-8'. using a Slide-A-Lyzer Dialysis Cassette
(Pierce). The samples were then Iranhierred mto the sample
reservoir of a Centrmon«30 cenlniugal microconcentrators
(Amicon) The proteins were concentrated Iiy spinning the
Centricon-3 concentrator at 4000-5(k)0 g until the desired
protein concentration is achicvcd.

[0273] The samples werc then concentrated to -150
m iml of rhuMAb E23 using ultrafiltration. Tween 20 was
added to each preparation to a final concentration of 0.02syo.

All formulalionb were filtered, aseptically Iilletl inlo 3 cc
FormaVitrum vials and stoppcrcd with 13-mM Diakyo stop-
pcrs in a Class 100 room.

EXAMPLE 2

[0274] Method and Matemalh.

[0275] Stability Studies; All formulations werc fille at I
ml in 3 cc FormaVitrum glass vials anil stoppcrcd with
13-mm Diakyo stoppers in a (fiass 100 sterile filling suite.
Vials were placed at — 70, 2-g, 15, 30 aml 40'. in light
impcrmcable containers

[0276] A itation Study Aliquots of each formulation were
placed in the lass vials Vials were agitated horizontally on
a Crlas-Col Bench Top Shaker at room temperature. The
shaker was set at 70 wuh an arm length of 30 cm (maxi-
mum). After agitation, samples werc inspected and analyzctl
according to the following protocol

[027g] Analyucal Methods. Stability samples were ana-

lyzed by the methods outlined in 'I'able I

TABLE I

Analyt cal Methods

Ass 7

Colo. Cls ty.Appearan e''.s

I st m Ch om logr pl )

(SEC)a

ilydrophol t Inl I«n

Chromato raphy (HIC)'V

Spe Scan (Grsv meh c)

'I hrmty (M n Oi&:tst)—3O!)

nmi4

Acl tlv

V su el nspect on ot I qu d Io mutations

aggrcgntcs and lo molecular ctght

onp nants

and I'tcc thtol

Vieasures p oLe n concent at on

M s r . )ut bl nd nsol bl

ag e ates

'Pass fo Color, Appeamnce and Clar ty

,gmnstth h)l ndht Sbs kg»d I'Ih nsp I » 0 o p r din
n qu I ol n ot'n g In onh I hr pt sh ldb s I')
to ensu e homogenous norns. but not s ) go curly so as to create 7

bubbl

Sue Ex lus on Chromatography

4 I'SK Sl'Pf'R SW. (Ilo (45 tnt) n ) I » n os s 0 m HP lit)0
ho .t g phvsvslm Th ot mn s. I 0dmrh Opgpotem
I t dmOIMmras) mphosph t,plica I'I s,mpl sum

btl nm hv I'V 4 I lo

'llyd oph hu Inta

mern

(:h malographv (IIII')

Thc HIC cxpcnmcnts crc conducted usutg TSK PhenyldPV) (7 5 75
mm) column ITosoHaasl on aa HP Iico ltqutd chromatographv sv. )em
Thc column ss loaded lth Zs,)rg of papatn dtgcstcd Fab ftamnents and

Ih co nl) t«mgr,d nt t', ) o If:I m I'mMT«s

d I cto
"I' td)tv.

Thc tu)b)dtty of sarnplcs ctc dctcnnutcd ut n I-cm path length cu etta
ustng a HP.pc t)omctct Thc tutbtdttv as calculated as thc a etage
absorban c ti om 340-3OO mn

'The a u tty of of thc ant)-ieE monoclonal ant)body as dctctnuncd bv a
receptor bmdutg mhrbtt on amav. Snmplcs ctc dtlutcd to I'an ttlun thc
r og I'Ih st nd )4 fom l(lur 0 Isa, g)n I » »,ss,y dl
cmtarn ng ph .Th t b ll', tl5; ESA, ')Osl p Ivs rh I 30 (lot'e
'Ibm . I lt nm« I r r pl r . s c) r 0 Ih Igl. r . ptm. Ih

bid tlh\h Igi'boln,mddd Id nl Igl's pt 'lh n Iongh
0 et n bound to the re eptor that consisted wth 7 tv ty ot anu Igr
mono lonsl ant body was measured us ng Streptav d n HRP. The data
were analyzer) us ng a 4 parameter I sic urve hit ng program

The concenuauon ot an«body was obts ned on a Hewlett Packs d S4 3
dods array spect ophotonete v:the I m quartz cuvette. The on entre
ton)vas slmdatedusnganabs rptt tyot)5 m '(mp'ml)

[0277] Frceze-Thasving Study: Sampks of E25 underwent

thrcc cycles of frceze-thaw. Each cycle consisted of frcczin

at -70', overnight and subscqucntly thawing at room

tcmpcraturc for about one hour. After each cycle, samples

werc inspected visually using a light box to assess thc color

and clarity of the liquitl. Turbidity and soluble aggregates
werc measured following thc protocol described below.
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[0279]

Summer of L utd Formulattons

Irorm lali ns

80 m 'ml E .
50 mM H st dme HC)
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pH 60
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EXAMPLE 3

j 0283] Samples of the anti-IgE monoclonal antibody
(E26) liquid formulauons were prepared m 20 mM buiIers
and then stored at 30''nd 40'2 'I'he stability of L'26 was
determined by chromatography and activity measurements.
Thc size exclusion chromatography was used for dctcrmin-
in thc soluble aggrcgatcs, and the hydrophobic interaction
chromatography of pepsin digested sample was used for
measunng isomenzauon. The acnvitv of sample wms mom-
tored by using an I E receptor bin(iing inhibihon assay. As
shoyvn in FIGS. I, 2 and 3, the degradation of L'2(y is highly
dependent on pH of lyuffets The L26 appears to be most
stalyle around pH 6.0.

L'XAMVI.L 4

j
0284] The particulate formulation is a major challenge for

making thc high concentration liquid formulation, since it
usually increases with increasing of protein concentration
under the stressed condiuons. IPIG. 4 shows the result of
agitation study for a concentrated E26 liquid formulation.
The formulation was prepared in 20 mM succinate, 192 mM
trehalose at pll 6 0 with different concentration of polysor-
bate 20. I'he particulate formulation was monitored by
turlyidity mcasurcmcnt. Thc result shows that thc turbidity of
E26 solution incrcascs with agitation time. Thc addition of
at least 0.01ngo of polysorbate is essennal for reducm ~ the
paruculate formauon under the stressed condition. Similar
results were aLso observed for concentrated E25 liquid
formulation.

EXAMPLE 5

j
0285] FIG. 5 shows the liquid formulation of ISO mg/mI

L'25 prepared by reconstitution of the lyophilised L'2S.

Increasing of salt concentration inhibits the reversible par-

ticulatc forniation and results in thc reduction of turbidity
rea(hng. Among all the salts tested, the formulauon with
Arg HCI appears to have the least turbidity The elfect oi salt
concentration on lotvering the turbidity reading has also
been observed for L25 prepared using a 'll I'roces~

EXAMPLE 6

j 0286] The liquid formulauon of E25 in the presence of
Argl lci also appears to have better stability than other liquid
formulations FI('S. 6 nnd 7 show the stability study of L'25

at 150 mgyml in liquid formulation containing ArgHCI,
CaCI and M Cl . For liquid formulations containin
ArgHCL with or without sucrose, there is little dift'crencc in
their stability in terms of turbidity, isomenzauon and irag-
mentation. The Liqu«l formulauons containing ArgHCI are
more stable than the formulation contaimng Mg('I, and
CaCI .

L'XAMVI.I'

j 0287] FIG. 8 shoyvs thc results of a stability study of E25
liquid formulation with acetate and hiyudine formulations.
The formulation with hibudine has higher pH than the
acetate formulation. The results clearly showed that the Eoy
in a histidine, ArgH('I liquid formulation are more stable
than under other conditions

L'XAMVI.L'

j 0288] The high concentration of E23 can form a solid gcl
in the presence of evrtstn sons, such ay cnrate, succinaie and
sulfate ltable I), parucularly at storage temperature of 2-8'

Using arginine-IICI as an exciptent alloyvs us to formulate
L(2S up to more than 200 mgiml without gel or precipitate
formation.

'I'AI3I.L I
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EXAMPLE 9

Expression of Protein or Antibody in E. cvfi

[0209] This example illustrates preparation of an un ly-
cosylated form of a desired protein or antibody by recnm-
fiinant expression in ff cali

[0290] The DNAsequence encoding ihe desireil protein or
antibody is imtially amplilied using selected PCR pnmers.
'I'he primers should contain restriction enzyme sites which
correspond to the restnctinn enzyme sites on the selected
expression vector A variety of expression vectors may be
eniploycrl. An cxamplc of a suitable vector is pBR322
(derived from E, cofi; scc Bolivar ct ai., Gene, 2:95 (1977))
which contains genes for ampicillin aml tetracycline resis-
tance. The vector is digesteii w«h restncuon enzyme aml
dephosphorylated The P('R amplifierl sequences are then
ligated into the vector The vector will preferably include
sequences which cncodc for an antibiotic resistance gcnc, a

trp promoter, a polyhis lcarlcr (including Ihc first six STH
codons, polyhis scqucncc, and cntcrokinase cleavage site),
the coihng region of the desired protein or antibody, lambda
transcnplional terminator, and an argU gene. Addilionally,
the vector may include at least nnt insignificant portions of
the untranslaterl S'nd 3'ections of the native sequence
nucleic acid encoding the desired protein or antibody.

[0291] The ligauon mixture is then used to transform a

selected E. cvfi strain using ihe methods descnbed m Sam-
fmiok et ai, supra Transfnrmants are identihed by their
ability to grow on I.ff plates anil antibiotic resistant cnlon res
arc then selected. Plasmid DNA can be isolated and con-
firmed by restriction analysis and DNA sequencing.

[0292] Selected clones can be grown overnight in hquid
culture medium such as I.lf broth supplemented with anti-
biotics. The overnight culture may subscqucntly bc used to
inoculate a larger scale culture. Thc cells are then grown to
a desired optical density, rlurin which thc expression pro-
moter is turneil on.

[0293] After culturing the cells for several more hours, the
cells can be harvcstcrl by ccntrifu ation. The ceil pclkt
obtained by the centrifugation can bc solubilizcrl using
venous agents known in the art, anti the solubilized desired
protein or anubody can then be purifieil using a metal
chelating column under cnnrlitions that allow tight binding
of the solubiiized protein or antibody

[0294] The desired protein or antiobdy may be expressed
in I cvfi in a poly-His taggerl form, using the follnwing
procedure. The DNA encoding the rlesired prntein or anti-
body is initially amplifie usin scicctcrl P(IR primers. The
primers will contain restriction enzyme sites which corrc-
spond to the restncuon enzyme sites on ihe seiecteil expres-
inon vector, anil other useful sequences proviihn ~ for effi-
cient anil reliable translauon iniuauon, rapid punfication on
a metal cheiation column, and proteolytic remnval with
enterokinase. The P('R-amplified, poly-I fis tagged
sequences arc then ligatcrl into an cxprcssion vector, which
is used to transform an E cvli host based on strain 52
(W3110 fuhA(tonA) Ion galE tpoHls(htpRts) clpP(laclq).
Transformants are lirst grown in LB contmning 50 mg'ml
carbenicillin at 30'. w«h shaking un«i an O.D.600 of 3-5
is reached. Cultures are then diluterl 50-100 fold into CRAP
media (prepared by mixing 3 57 g (Nfis)cSOw 0.71 g

sorhum citratc'ZH20, 1.07 KCI, 3.36 g Difco yeast extract,
5 36 g Shefiiefd hycase Sl'n 5(NI ml. water, as well as 110

mM MPOS, pH 7.3, 0.53'7o (iviv) glucose aml 7 mM
MgSOo) and grov:n for approximately 20-30 hours ai 30'.
with shaking. Samples arc removcrl to verify cxprcssion by
SDS-PAGE analysis, and the bulk culture is centnfuged to
pellet the celLs Cell pellets are frozen until purification anti
refolding.

[0295] E, coif paste from 0.5 to I Lfcrmentatinns(6-10
pellets) is resuspended in 10 volumes (w,'v) in 7 M guam-
rhnc, 20 mM Tris, pH g buffi:r. Soli(1 sorhum sulfite and
sodium tetrathionale is added to make linal concentranons of:

0 IM and 0.02 M, respectively, and the solution is stirred
overnight at 4'. This step results in a denatured protein
with all cysteine residues blocked by sulfitolization The
solution is centrifuged at 40,000 rpm in a Beckman Ultra-
centifuge for 30 min The supernatant is rliluted with 3-5
volumes of metal chclatc column buffcr (6 M guanidinc, 20
mM Tns, pl I 7 4) and hltered through 0 22 micron filters to
clarify Thc clarified extract is loarlcd onto a S ml Qiagcn
Ni-NTA metal chelale column equihbrated in the metal
chclatc column buffcr. Thc column is washed with additional
buffer contmning 50 mM imidazole (Calbiochem, Utrol
grade), pH 7 4 I'he protein is eluted ivith buffer containing
250 mM imidazole.. Fracuons containing the desired protein
are pooled and stored at 4''rotein concentration is

cstimatcd by its absorbance at ZSO nm using thc calculated
extinctinn coefficient based on its amino acid sequence

[UZt96] The proteins are refolds&i by diluung the sample
slowly into freshly prepared refolding buffer consisting of
20 mM Tris, pH 6.6, 0.3 M NaCI, 2.5 M urea, 5 mM
cysteine, 20 mM glycine and I mM L'DTA Refolding
volumes arc chosen so that the final protein concentration is
between 50 to 100 microgramsiml The refolding snlution is

stirred gently at 4'. for 12-36 hours. Thc rcfolrling reaction
is quencherf by Ihe, addition of TFA to a final concentration
of 0.4'7o (pH of approximatciy 3). Bcforc further purification
of the protein, the solu non is Iiltereil through a 0 22 micron
filter and acetonitrife is added lo 2-10'7o final concentratinn
The refolded protein is chromatographed on a Poros Rf,'H
reversed phase cnlumn using a mobile bufi'er of 0 I% 'IFA
with elution with a gradient of acctonitrik from 10 to 80'7o.

Ahquots of fractions with AZSO absorbance are analyzed on
SDS poiyacrylaniidc gels anti fractions containing homoge-
neous refolded protein are pooled. Generally, the properly
rcfoldcd species nf most protems arc clutcd at the lowest
concentrations of: acelonilnle since those species are the
most cnmpact ivith their hydrophobic interiors shielderl from
inleracuon with Ihe, reversed phase resin. Aggregated spe-
cies are usually eluted at higher acetonitrile concentrations
In addition to resolving mtsfofded forms of proteins from the
desirerf form, the reversed phase step also removes endot-
oxin from Ihe samples.

[0297] Fractions containin thc folrlcrl dcsircd protein or
antiborly are pnolcd and thc acctonitrile rcmovcd using a
gentle stream of. mlrogen ihrected at the soluuon. Proteins
are formulated into 20 mM Hepes, pH 6.6 with 0.14 M
sodium chlonde aml 4"/o mannitol by dialysis or by gel
filtratinn using G25 Superfine (Pharmacia) resins equili-
brated in the formulation buffer and sterile filtered. Regeneron Ex. 2019 

Alvotech v. Regeneron 
PGR2025-00085 

Page 37 of 48



US 2004/0197324 /tel Oct. 7, 2004

EXAMPLE 10

Expression of Protein or Antibody in Mammalian
Ccf

[0298] This example illustrates preparauon of a poten-
ually glycosylaled forms of the desired protein or antibody
hy recombinant expression in mammalian cells.

[0299] The vector, pRKS (see L'P 307,247, published Mar.
15, 1989), is employed as thc cxprcssion vector. Optionally,
DNA cncodin thc desired protein or antibody is ligated into
pRK5 with selected restriction enzymes to allow insertion
such DNA u&ing hgauon methods such as clescnbed in
Sambrook et al, supra

[0300] In one embodiment, the selected host cells may he
293 cells. Human 293 cells (ATCC CCL 1573) arc grov n to
conflucncc in tissue culture plates in medium such as
DMEM supplcmcntcd with fetal calf serum encl optionally,
nutnent components aml,'or anubiotics. About 10 n ~ if DNA
encoding the de&&red protein or anubody ligated into pRK5
is mixed with about I ng DNA encoding the VA RNA gene
[Thimmappaya et al., Cell, 31 S43 (1982)] and dissolved in
500 ul of I mM Tris-HCI, 0.1 mM EDTA, 0227 M CaCL.
To this mixture is added, dropwisc, 500 Bl of 50 mM HEPES
(pH 7,35), Z80 mM NaCI, 1.5 mM NaPO„, and a precipitate
i& allowed lo form lor 10 minutes at 25'. The precipitate
i& suspended and added to the 293 celL encl allowed to settle
for about four hours at 37'1 'I'he culture medium is
aspirated off and 2 ml of 20%c, glycerol in PBfi is added for
30 seconds. Thc 293 cells arc then washed with serum free
medium, fresh medium is added and thc cells are incubated
for about 5 clavs.

[0301] Approximately 24 hours alter the transfecuons, the
culture medium is removed encl replacecl with culture
medium (alone) or culture medium containing 200 p('i/ml
'S-cvsteine and 2(gl n('i/ml 'S-methionine. After a 12

hour incubation, the conditionccl medium is collected, con-
centrated on a spin filter, and loaded onto a 15% SDS cl.
The processed gel may be dmed and exposed to film for a

selected period of time to reveal the presence of the clesired
protein or anubody. The cultures containmg transfected cells
may undergo further incubation (in serum free medium) and
the medium is tested in selected bioassays

[0302] In an altcrnativc tcchniquc, thc dcsircd protein or
antibody may bc introduced into 293 cells transiently using
the dextran sulfate method descmbed by Somparyrac et al.,
P&oc.,Vur/. Acmi. Sci., 12.7575 (1981). 293 cells are grown
to maximal density in a spinner flask ancl 700 pg DNA
encoding the desired protein or antibocly ligated into pRKS
is added. Thc cells arc hrst conccntratcd from thc spinner
flask by centrifugation and washccl with PBS. Thc DNA-
clcxtran precipitate is incubatccl on thc cell pellet for four
hours. The cells are treated with 20% glycerol for 90
seconcls, washed with ussue culture medium, and re-intro-
duced into the spinner flask containing tissue culture
medium, 5 pg/ml bovine insulin ancl 01 pg/ml bovine
transferrin. After about four days, the conditioned media is
centrifu cd and filtcrcd to rcmove cells ancl debris The
sample containing the cxprcsscd desired promin or antibody
can then be o&ncentratecf and purified by any selected
method, such as dialysis and&or column chromato raphy

[0303] In another emhocliment, the desired protein or
antibody can he expressecl in ('IIO cells The DNA encoding

thc dcsircd protein or antibocly ligated into pRK5 can bc
transfected into CHO cells using known reagan(s such as
CaPO or DEAE-clexlran. As descmbed above, the ceil cul-
tures can be incubated, and the medium replaced with
culture medium (alone) or medium contaimng a radiolabel
such as "S-niethionine. After dctcrmining thc prescncc of
thc dcsircd protein or antibody, thc culture medium may bc
rcplacccl with serum free medium. Prcfi:rably, thc cultures
are incubated for about 6 days, and then the cond&boned
mechum is harvested. The medium containing the expressed
desirecl protein or antiobody can then be concentrated and
purified by any selected method.

[0304] L'pitope-tagged variants of the desired protein or
antibody may aLso be expressed in host CI IO cells. 'I'he DNA
encoding the desired protein or antibody ligated into pRK5
may bc subcloned out of the pRK5 vector. The subclonc
insert can undergo PCR to fuse in frame with a sclcctcd
epitope lag such as a poly-his tag into a Baculovirus expres-
sion vector. The poly-his laggecl DNA encoding the desired
protein or antibody insert can then he subcloned into a SV40
dnven vector containing a selection marker such as Dill'R
for selection of stable clones. I inally, the CI IO cells can be
transfcctcd (as dcscribcd above) with thc SV40 driven
vector. Labeling may bc pcrformcd, as dcscribccl above, to
venfy expression. The culture meclium contaimng the
expressecl poly-His lagged desirecl protein or antibody can
then be concentrated and purified by any selected methocl,
such as by Ni +-chelate aflinity chromatography.

[U305] The desired protein or anubody may also be
expressed iii CIIO and,or (IOS cells by a transient expres-
sion procedure or in ('I IO cells by another stable expression
procedure.

[0306] Stable expression in CI IO cells is performed using
thc following proccdurc. The proteins arc cxprcsscd as an
IgG construct (immunoadhcsin), in which thc codin
scqucnccs for thc soluble fomis (e.g cxtraccllular domains)
of the respective proteins are fused to an IgGI constant
region sequence conlaimng the hinge, CHZ and CH2
domains and or is a poly-His ta ged form

[U307] Following PCR amplilication, the respecuve
DNAs are subcloned in a CIIO expression vector using
standard techniques as described in Ausubel et al, Curmrtt
Prorocriis o/Moiccniur Bioiogy, Unit 3 1(i,.lohn Wiley ancl

Sons (1997). CHO cxprcssion vectors arc constructccl to
have compatil&lc restriction sites 5'nd 3'f thc DNA of
interest to allow ihe convenient shuuling of cDNA's. The
vector used expression in CHO cells is as descrd&ed in Luce&
et al, Nuc/ Acids i(es 24:9 (1774-1779 (199(i), and uses the
SV40 early proinoterienhancer to drive expression of the
cDNA of interest and dihydrofolate reductase (DIII'R)
DHFR expression permits selection for stable maintcnancc
of thc plasmid following transfcction

[0308] Twelve micrograms of thc dcsircd plasmid DNA is
introduced into approximately 10 million CHO cells usin
commercially available transfection reagan(s Superleci 
(Qutagen), Deeper or Fugenefb (Boehnnger Mannheim).
The cells are grown as described in Luce& et al., supra.
Approximately 3xlfl cells are frozen in an ampule for
further growth and production as clescnbed below

[0309] The ampules containing the plasmicl DNA are
thawed by placement into water hath and mixed by vortex- Regeneron Ex. 2019 
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in . Thc contents arc pipettcd into a ccntrifu c tube con-
taining 10 mLs of media and centnluged at 1000 rpm for 5

minutes. The supernatant is aspirated anil the cells are
resuspended in 1(f ml. of selective media ((I.2 pm tiltered
PS20 with Sz7r, (I.2 pm diafiltered fetal bovine serum) The
cells are then aliquotctl into a 10(f mL spinner containing 90
mL of sclectivc media. After 1-2 days, the cells are trans-
ferred into a 250 mL spinner fiflcd with 150 mL sclcctive
growth medium and incubateti at 37'. After another 2-3
days, 25(t mL, SOO mL amf 2(IOO pL spinners are seeded with
3xf(fs cellsiml. The cell merlia is exchanged with fresh
media hy centrifugation and resuspension in production
medium. Although any suitable CHO me(lie may bc
cmploycd, a protluction medium dcscrilhcd in U.S. Pat. No.
5,122,469, issucrl Jun. 16, 1992 may actually bc used. A 3L
producuon spinner is seeded at 1.2x10 cells,'nhL. On day 0,
the cell number amf pH is determineti. On day I, the spinner
is sampled and sparging with filtered air is commenced On
day 2, the spinner is sampled, the temperature shifted to33',

and 3(f ml. of 5()0 g/I. glucose and 0 6 ml. of I(f'7n

antifoam (e.g, 3S% polydimcthylsiloxanc emulsion, Dow
Comin 365 Medical Gratlc Emulsion) taken. Throu bout
the producuon, the pH is adfusted as necessary to keep it at
around 72. After 10 days, or unul the viability dropped
fielohv 7(f'70 the cell culture is harvested fiy centrifugation
and filtering through a 022 pm filter The filtrate was either
stored at 4''r immediately Ioaderl onto columns for
purification

[0310] For the poly-His tagged constructs, the proteins are
purified using a Ni-N I'A column (Qiagen) Before punfica-
tion, imidamle is adderl to the conditioned media to a
concentration of 5 mM. Thc conditioned media is pumped
onto a 6 ml Ni-NTA column cquilibratcd at 4'., in 20 mM
Hepes, pH 7.4, huller mntahning 0.3 M NaCI and 5 mM
imidazole at a flow rate of 4-5 ml/min. Afler loading, the
column is washed with atkfitional equilibrahon buiTer amf
the protein eluted with equilibration hufl'er containing 0 2S
M imidazole 'I'he highly punfied protein is subsequently
tlcsalted into a storage bufl'cr containing 10 mM Hcpcs, 0 14
M NaCI anil 4%i mannitol, pH 6.8, with a 25 ml G25
Superfine (Pharmacia) column and stored at —80'.
[0311] Immunoadhesin (I'c-containing) constructs are
purifie from thc conditioned media as follows. Thc conCh-
tionctl medium is pumped onto a 5 ml Protein A column
(Pharmacia) which had bccn cquilibratcd in 20 mM Na
phosphate huller, pH 6.8 Alter loadmg, the column is
washed extensively with equilibrauon bulTer before elution
with IOO mM citric acid, pll 3.S The eluted protein is
immediately neutralized by collecting I ml fractions into
tubes containin 275 pL of I M Tris buflcr, pH 9. Thc highly
purified protein is subscqucntly dcsaltcd into storage buflcr
as dcscribctl above for thc poly-His tagged proteins Thc
homogeneity is as«assail by SDS polyacrylamide gals amf by
N-terminal amino acitl sequencing by Edman degradation.

EXAMPLE 11

Expression of Protein or Anubodies in Ye«st

[0312] The following method describes recombinant
expression of the desired protein or antibody in yeast

[0313] I'irst, yeast expression vectors are whnstructed for
intracellular production or secretion of the desired protein or

antibotly from thc ADHZiGAPDH promoter. DNA cncodin
ifesired protein or antibody anil the promoter is inserted into
suitable restriction enzyme sites in the selected plasmid in
order to direct intracellular expression I'or secretion, f)NA
encoding the desired protein or antibody can be cloned into
thc sclcctcd plasmid, togcthn with DNA encoding thc
ADH2 GAPDH proniotcr, a native signal peptitlc or other
mammalian signal pcptidc, or, for cxamplc, a yeast alpha-
factor or invertaae secretory signal,'leader sequence, and
linker sequences (if needed) for expression of the desired
protein or antibody

[0314] Yeast cells, such as yeast strain All I I 0, can then he
transformed with the expression plasmids described above
and cultured in seicctcd fermentation me(ha. Thc trans-
Rirmetf yeast supernatants can be analyzed by precipitation
with I(f% trichloroacetic acid and separauon by SDS-PAGE,
Rillowed by staining of the gals with Coom«asia Blue stain.

[0315] The rcconibinant protein or antiborly can sulhsc-
qucntly bc isolated and purified by removing thc yeast ccfls
from the fermentation medium by centnfugation and then
concentrating the medium using selected cartr«fge lifters.
The concentrate containing the recombinant protein or anti-
body may further be purihed using selected column chro-
matography resins.

LhXAMPI.L 12

Expression of the Protein or Antibody in
Bacufovirus-Infected Insect Cells

[0316] The Iollowmg method descnbes recombinant
expression of the desired protein or antibody in Baculovirus-
infected insect cells.

[0317] The sequence coding for thc tlcsircd protein or
antibody is fused upstream of an epitope tag contained
within a baculovirus expression vector. Such epitope fags
include poly-his tag« and immunoglobuhn tag« (like Fc
regions of Ig(h). A variety of plasmids may he employed,
including plasmids derived from commercially available
plasmids such as pVL1393 (Novagcn) Briefl, the scqucncc
encoding thc desired portion of thc protein or antibody, such
as thc sequence encodin thc cxtraccllular domain of a
transmembrane protein or the sequence encoding the mature
protein if the protein is extracellular is amplilied by PCR
with primers complementary to the S'nd 3'egions. 'I'he 5
pnmer may incorporate tlanking (selected) restriction
cnzymc sites. The product is then rligcstcd with those
sclcctcd restriction enzymes and subcloncd into thc cxprcs-
sion vector.

[0318] Recombinant baculovirus hs generated by co-trans-
fecting the above plasrnid and lfaculoGoldr«virus f)NA
(Pharmin en) into Spodopreru frag/perdhh ("Sf9") cells
(ATCC CRL 1711) usin lipofectin (commercially available
from GIBCO-BRL). After 4-5 days of incubauon at )A'.,
the released viruses are harvested anil used for further
amplifications Viral infection and protein expression are
performed as described hy O'Reilley et al., Ifuculovhrus
expressmn vectors /I /.chore/ory Mahhhhu/, Oxford: Oxford
University Press (1994).

[0319] Expressetf poly-his tagged protein or anubody can
then he purified, for example, hy Ni"-chelate aflinity chro-
matography as follohvs Extracts are preparerl from recom- Regeneron Ex. 2019 
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binant virus-infcctcd Sf9 cells as describcrl by Rupert ct al.,
Nnrurc, 362:175-179 (1993). Bnefly, S(9 cells are washed,
resuspended in sonicauon buffer (25 mL Hepes, pH 7.9, 12 5

mM Mg('l.; 01 mM LIJIA; f(1%i glycerol; 0 1% NV40; 0 4
M KGI), and sonicaterl twice for 2(f seconds on ice The
sonicatcs arc clcarcrl by centrifugation, and thc supernatant
is dilutcrl 50-folrl in loading buft'cr (50 mM phosphate, 300
mM NaCI, 1(t% glycerol, pH 7.6) and filtere through a 0.45
Izm lifter. A Ni -NTA agarose column (commercially avad-
able from Qiagen) is prepared with a bed volume of 5 mL,
washed &vith 2S mi. of water anil equilibrated with 2S ml. of
loading butfer. I'he filtererl cell extract is loaded onto the
column at 05 mL per minute. The column is washed to
baseline Aa„with loarhng buffer, at which point fraction
collection is startcrl. Next, thc column is washed with a
seconilary wash huller (SO mM phosphate, 300 mM NaCl,
10% glycerol, pH 6.0), which elutes nonspecdically bound
protein After reaching Aase baseline again, the column is
developed &vith a 0 to SOO mM Imidazofe gradient in the
secondary wash bufl'er One ml. fractions are collected and
analyzed by SDS-PAGE and silver staining or Western blot
&vith Ni -NTA-conjugatcrl to alkaline phosphatase
(Qiagen). Fracuons containing the eluted His,e-tagged pro-
tein or anubmly are pooled anil dialyzed agmnst loadin ~

f&offe.

[0320] Alternatively, purification of the IgG tagged (or I'c
ta gerl) protein or antibody can bc performed using known
chromatography tcchniqucs, including for instance, Protein
A or protein G column chromato raphy.

EXAMPLE 13

Preparation of Antiborlies

[0321] This example illustrates preparation of monoclonal
antibodies &vhich can specifically bind the protein of interest
or thc rlcsircd antigen.

[0322] Ti:chniques for producing the monoclonal antibod-
ies are I nown in the art and are described, for mstancc, in
Goding, supra. Immunogens that may be employed mclude
purified desireil protein or target anubody, fusion proteins
containing the desired protein or target antigen, and cells
expressin such recombinant protein or antigen on the cell
surface. Selection of thc immunogen can bc made by thc
skilled artisan ivithout undue cxpcrimcntation.

[0323] Mice, such as Balb,'c, are immunized with the the
desired protein or target anugen immunogen emulsified in
complete I reund*s adjuvant and injecterl subcutaneously or
intraperitoneally in an amount from 1-100 micrograms.
Altcmatively, thc immunogen is cmulsificd in MPL-TDM
adjuvant (Ribi Immunochemical Research, Hamilton,
Mont.) and injected into thc animal's hind foot pails. Thc
immunizeil mice are then boosted 10 to 12 days later with
addihonal immunogen emulsified in ihe selected adiuvant.
'I'hereafter, for several weeks, the mice may also be boosted
with additional immunization injections Serum samples
may be periodically obtainerl from the mice by retro-orbital
blecdin for testing in ELISA essays to dctcct antibodies
direct to the desired protein or anti en.

[0324] After a suitable anubody tater has been detected,
the animals "positive'or antibodies can be iniecteil with a
final intravenous injection of the desired protein or target
antigen 'I'hree to four days later, the mice are sacriticed and

thc spleen cells arc harvcstcd. Thc splccn cells are then fused
(using 3S% polyethylene glycol) to a selecterl murine
myeloma cell linc such as PJX63AgU.I, availaf&lc from
ATCC, No. CRL IS97. The fusions generate hybridoma
cells which can then bc platerl in 96 well tissue culture plates
containing HAT (hypoxanthine, aminopterin, and thymi-
ihne) medium to inhibit proliTerauon of: non-fused cells,
myeloma hybnds, and spleen cell hybrids

[0325] 'I'he hybridoma cells will be screenerl in an LI.ISA
for reactivity against thc desired protein or target antigen.
Dctcrmination of "positive" hybridoma cells accreting thc
such monoclonal antiboihes is within the sloll in the art.

[0326] I'he positive hybridoma cells can be mjected intra-
peritoneally into syngeneic l3alf&ic mice to produce ascites
containing such monoclonal antibodies. Altemativcly, thc
hybridoma cells can bc grown in tissue culture flasks or
roller boule&. Punficauon of the monoclonal antibodies
prorfucml in the ascites can be accomplished using ammo-
nium sulfate precipitation, folio&ved by gel exclusion chro-
matography Alternatively, atfinity chromatography baserl
upon binding of antibody to protein A or protein G can be
employed.

EXAMPLE 14

Vuritication of the liesired Protein Hsing Specific
Antibodies

[0327] The ries&reel protein, in either nauve or recombinant
fi&rm, may be punlied by a vanety of: standard techniques in
the art of protein purification. 1&or example, pro-polypeptide,
mature polypeptide, or pre-polypeptide forms of the desired
protein may l&c purified by immunoaffinity chromatography
usin antibodies specific for thc desired protein In gcncral,
an immunoafiinity column is constructed by covalently
coupling the anubody that specilically binds the desired
protein to an acuvated chromatographic resin.

[0328] Polyclonal immuno lobulins are prcparcrl from
immune sera either by precipitation with ammonium sulfate
or by punficauon on immobilized Protein A (Pharmacia
LKB Biotechnology, Piscataway, N.J.). Ldiewise, mono-
clonal antiborfies are prepared from mouse ascites fluid by
ammonium sulfate precipitation or chromatography on
immobilized Protein A Partially purified immunoglobulin is
covalently attached to a chromatographic resin such as
CnBr-activated SEPHAROSE'" (Pharmacia LKB Biotcch-
nology) The anubody is coupled to the resin, the resin is
blocl ed, and the derivauve resin is washed according to the
manufacturer's instrucuons.

[0329] Such an inimunoaffinity column is utilized in thc
purification of thc dcsircd protein by preparing a fraction
from cells expressing it in a soluble form This preparation

rfenved by solubilization of. the whole cell or of: a
subcellular fracuon obtained via dilferenual centrifugation
by the addition of detergent or by other methods well known
in the art. Alternatively, soluble protein i ontaining a signal
scqucncc may bc secre teel in useful quantity into the medium
in which the cells arc grown.

[0330] The solublized preparation mute&ning the desired
protein is passed over the immunoaffinity column, and the
column is washed under conditions that allow the preferen- Regeneron Ex. 2019 
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tiai absorbancc of thc desired protein (c.g., high ionic
strength butyers in the presence ot: detergent). Then, the
column is eluted under conrtitions that disrupt annbody to

protein binding (C.g., a tosv pH buffer such as approximatciy
pH g-3, or a high concentration ot: a chaotrope such as urea
or thiocyanate ion), snit the desire protein is then coitectett.

SEQUENCE LISTING

160 NUBBER OF SEQ ID NOS: 6

210
211o
212o
213o
220o
223o

SEQ ID NO I
LENGTH: 218
TYPE: PRT
ORGANISHZ Artrficra
FEATURE:
OTHER INFORHATZONZ

I sequence

E25, light chain

400o SEQUENCE: I

A p Il Gl L Th Gl S P o S S L S Al S V I
I 5 10 15

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gin Ser Val Asp
20 25 30

Tyr Asp Gly Asp Ser Tyr Het Asn Trp Tyr Gin Gin Lys Pro Gly
35 40 45

Lys Ala Pro Lys Leu Leu Zle Tyr Ala Ala Ser Tyr Leu Glu Ser
50 55 60

GlyVIPoSAgPhSGlySGlySGlyThApPh
65 70 75

Thr Leu Thr Ile Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr
80 85 90

Tyr Cys Gln Gln Ser Hrs Glu Asp Pro Tyr Thr Phe Gly Gin Gly
95 100 105

Thr Lys Val Glu Zle Lys Arg Thr Val Ala Ala Pro Ser Val Phe
110 115 120

Il Ph P o P o S A p Gl Gl L Ly S Gly Th Al S

125 130 135

Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val
140 145 150

Glr Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin Glu
155 160 165

Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
170 175 180

S Th L Th L S Ly Al A p Ty Gl Ly H Ly V I
185 190 195

Tyr Ala Cys Glu Val Thr Hr.s Gin Gly Leu Ser Ser Pro Val Thr
200 205 210

Lys Ser Phe Asr Arg Gly Glu Cys
215

210
211o
212o
213o
220o
223o

SEQ ID NO

LENGTH: 21
TYPE: PRT
ORGANISM:
PEATURE:
OTHER INFO

Artrficral sequence

RHATZONZ 826, light chain

400o SEQUENCEZ 2

A p Il Gl L Th Gl S P o S S L S Al S V I
I 5 10 15
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-continued

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Lys Pro Val Asp
20 25 30

Gly Glu Gly Asp Ser Tyr Leu Asn Trp Tyr Gin Gin Lys Pro Gly
35 40 45

Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Tyr Leu Glu Ser
50 55 60

Gly V I P o S A g Ph S Gly S Gly S Gly Th A p Ph
65 70 75

Thr Leu Thr Ile Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr
80 85 90

Tyr Cys Gin Gin Ser Mls Glu Asp Pro Tyr Thr Phe Gly Gin Gly
95 100 105

Th Ly V I Gl Il Ly A g Th V I Al Al P o S V I Ph
110 115 120

Il Ph P o P o S A p Gl Gl L Ly S Gly Th Al S

125 130 135

Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val
140 145 150

Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin Glu
155 160 165

S V I Th Gl Gl A p S Ly A p S Th Ty S L S
170 175 180

S Th L Th L S Ly Al A p Ty Gl Ly H Ly V I
185 190 195

Tyr Ala Cys Glu Val Thr Hrs Gin Gly Leu Ser Ser Pro Val Thr
200 205 210

Lys Ser Phe Asn Arg Gly Glu Cys
215

210 SEQ ID NO 3

211 LENGTH: 214
212 TYPE: PRT
213 ORGANISM: Artrf0cra
220 FEATURE:
223 OTHER INFORNATIONZ

I sequence

Hu-901, lrght chaan

400 SEQUENCE: 3

Asp Zle Leu Leu Thr Gin Ser Pro Gly Thr Leu Ser Leu Ser Pro
I 5 10 15

GlyGI AgAI ThLSCyAgAI SGI S Il Gly
20 25 30

Thr Asn Ile Hrs Trp Tyr Gin Gin Lys Pro Gly Gln Ala Pro Arg
35 40 45

Leu Leu Zle Lys Tyr Ala Ser Glu Ser Ile Ser Gly Zle Pro Ser
50 55 60

A g Ph S Gly S Gly S Gly Th A p Ph Th L Th Il
65 70 75

S A g L Gl P o Gl A p Ph Al N t Ty Ty Cy Gl Gl
80 85 90

Ser Asp Ser Trp Pro Thr Thr Phe Gly Gln Gly Thr Lys Val Glu
95 100 105

Zle Lys Arg Thr Val Ala Ala Pro Ser Val Phe Zle Phe Pro Pro
110 115 12 0
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-continued

Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu
125 130 135

Leu Asr. Asn Phe Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val
140 145 15 0

Asp Asr Ala Leu Gin Ser Gly Asn Ser Gin Glu Ser Val Thr Glu
155 160 165

Gl A p S Ly A p S Th Ty S L S S Th L Th
170 175 180

Leu Ser Lys Ala Asp Tyr Glu Lys Hr.s Lys Val Tyr Ala Cys Glu
185 190 195

Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn
200 205 210

A g Gly Gl Cy

210 SEQ ID NO 4

211 LENGTH: 451
212 TYPE: PRT
213 ORGANISM: Artrf0cra
220 FEATURE:
223 OTHER INFORMATION:

I sequence

E25, heavy chain

400 SEQUENCE: 4

Gl V I Gl L V I Gl S Gly Gly Gly L V I Gl P o Gly
I 5 10 15

Gly S L A g L S Cy Al V I S Gly Ty S Il Th
20 25 30

Ser Gly Tyr Ser Trp Asn Trp Ile Arg Gln Ala Pro Gly Lys Gly
35 40 45

Leu Glu Trp Val Ala Ser Ile Thr Tyr Asp Gly Ser Thr Asn Tyr
50 55 60

APoSVILyGlyAgZI Th II SAgApApS
65 70 75

Lys Asn Thr Phe Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cys Ala Arg Gly Ser Hrs Tyr Phe Gly Hrs
95 100 105

Trp His Phe Ala Val Trp Gly Gin Gly Thr Leu Val Thr Val Ser
110 115 12 0

S Al S Th Ly Gly P o S V I Ph P o L Al P o S
125 130 135

Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val
140 145 150

Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly
155 160 165

Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser
170 175 180

S Gly L Ty S L S S V I V I Th V I P o S S
185 190 195

Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn Hrs Lys Pro
200 205 210

Ser Asr Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp
215 220 225
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-continued
Lys Thr Hrs Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly

230 235 240

Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro I,ys Asp Thr Leu
245 250 255

Het Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
260 265 270

S H Gl A p P o Gl V I Ly Ph A T p Ty V I A p Gly
275 280 285

Val Glu Val Hrs Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
290 295 300

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin
305 310 315

Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
320 325 330

Al L P o Al P o Il Gl Ly Th Il S Ly Al Ly Gly
335 340 345

Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu
350 355 360

Glu Het Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly
365 370 375

Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gin
380 385 390

P o Gl A A Ty Ly Th Th P o P o V I L A p S A p
395 400 405

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
410 415 420

Trp Glr. Gin Gly Asn Val Phe Ser Cys Ser Val 14et His Glu Ala
425 430 435

L H A 5 Ty Th Gl Ly S L S L S P o Gly
440 445 450

Ly

210 SEQ ID NO 5
211 LENGTH: 451
212 TYPE: PRT
213 ORGANISM 4 Artificia
220 PEATURE 4

223 OTHER INFORHATIONZ

I sequence

E26, heavy chain

400 SEQUENCE: 5

Gl V I Gl L V I Gl S Gly Gly Gly L V I Gl P o Gly
I 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Val Ser Gly Tyr Ser Ile Thr
20 25 30

Ser Gly Tyr Ser Trp Asn Trp Ile Arg Gin Ala Pro Gly Lys Gly
35 40 45

L Gl T p V I Al S Il Th Ty A p Gly S Th A Ty
50 55 60

Asn Pro Ser Val Lys Gly Arg Ile Thr Ile Ser Arg Asp Asp Ser
65 70 75

Lys Asn Thr Phe Tyr Leu Gin Het Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cys Ala Arg Gly 5er His Tyr Phe Gly His

Regeneron Ex. 2019 
Alvotech v. Regeneron 

PGR2025-00085 
Page 44 of 48



US 2004/0197324 2411 Oct. 7, 2004

-continued
95 100 105

Trp Hrs Phe Ala Val Trp Gly Gin Gly Thr Leu Val Thr Val Ser
110 115 120

Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser
125 130 135

S Ly S Th S Gly Gly Th Al Al L Gly Cy L V I
140 145 150

Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly
155 160 165

Ala Leu Thr Ser Gly Val Hrs Thr Phe Pro Ala Val Leu Gln Ser
170 175 180

Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser
185 190 195

S L Gly Th Gl Th Ty Il Cy A V I A H Ly P
200 205 210

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp
215 220 225

Lys Thr Hrs Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly
230 235 240

Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
245 250 255

H t Il S A g Th P o Gl V I Th Cy V I V I V I A p V I
260 265 270

Ser Hrs Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly
275 280 285

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr
290 295 300

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin
305 310 315

A p T p L A Gly Ly Gl Ty Ly Cy Ly V I S A Ly
320 325 330

Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
335 340 345

Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu
350 355 360

Glu Het Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly
365 370 375

Ph Ty P o S A p Il Al V I Gl T p Gl S A Gly Gl
380 385 390

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
395 400 405

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
410 415 420

T p Gl Gl Gly A V I Ph S Cy S V I H t O'l Al
425 430 435

L H A 8 Ty Th Gl Ly S L S L S P o Gly
440 445 450

Lys

210 SEQ ID NO 6
211 LENGTH: 453
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-continued
212 TYPE: PRT
213 ORGANISM: Artrf3cra
220 FEATURE:
223 OTHER INFORNATION4

I sequence

Hu-901, heavy chaan

400 SEQUENCE: 6

Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly
I 5 10 15

Al S V I Ly V I S Cy Ly Al S Gly Ty Th Ph S

20 25 30

Met Tyr Trp Leu Glu Trp Val Arg Gin Ala Pro Gly Hrs Gly Leu
35 40 45

Glu Trp Val Gly Glu Ile Ser Prc Gly Thr Phe Thr Thr Asn Tyr
50 55 60

A Gl Ly Ph Ly Al A g Al Th Ph Th Al A p Th S
65 70 75

Th A Th Al Ty N t Gl L S S L A 9 S Gl A p
80 85 90

Thr Ala Val Tyr Tyr Cys Ala Arg Phe Ser Hrs Phe Ser Gly Ser
95 100 105

Asn Tyr Asp Tyr Phe Asp Tyr Trp Gly Gin Gly Thr Leu Val Thr
110 115 12 0

V I S S Al S Th Ly Gly P o S V I Ph P o L Al
125 130 135

P o S S Ly S Th S Gly Gly Th Al Al L Gly Cy
140 145 150

Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn
155 160 165

Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
170 175 180

Gl S S Gly L Ty S L S S V I V I Th V I P
185 190 195

Ser Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cys Asn Val Asn Hrs
200 205 210

Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser
215 220 225

Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
230 235 240

L Gly Gly P o S V I Ph L Ph P o P o Ly P o Ly A p
245 250 255

Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
260 265 270

Asp Val Ser Hrs Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val
275 280 285

Asp Gly Val Glu Val Mis Asn Ala Lys Thr Lys Pro Arg Glu Glu
290 295 300

Gl Ty A S Th Ty A g V I V I S V I L Th V I L
305 310 315

Has Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
320 325 330

Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala
335 340 345
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-continued
Lye Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser

350 355 360

Arg Aep Glu Leu Thr Lya Aan Gin Val Ser Leu Thr Cye Leu Val
365 370 375

Lye Gly Phe Tyr Pro Ser Aep lie Ala Val Glu Trp Glu Ser Aan
300 305 390

Gly Gl P o Gl A A Ty Ly Th Th P o P o V 1 L A p
395 400 405

Ser Aep Gly Ser Phe Phe Leu Tyr Ser Lye Leu Thr Val Aap Lye
410 415 420

Ser Arg Trp Gin Gin Gly Aen Val Phe Ser Cya Ser Val Her Hia
425 430 435

Glu Ala Leu Hie Aan Hie Tyr Thr Gin Lya Ser Leu Ser Leu Ser
440 445 450

P o Gly Ly

What is claimed is
1. A stable, liquid formulation of low turbidity comprising

(a) a protein or antibocly in an amount of 100 to 260 mg ml,
(b) arginine HCI in an amount of 50 to 200 mM, (c) hisuchne
in an amount of 10 to I(K) mM, (d) polysorbate in an amount
of 0.01 to 0.)egos where the formulation further has a pH
ranging from S S to 7 0, a kinematic viscosity of about 50 cs
or less encl osmolarity ranging from ZOO mOsmikg to 450
mOsm:I g.

Z. The formulauon of claim I, wherein the concentration
of protein or antibody ranges from )20 mmmm) to 260 mg/mi

3. Thc formulation of claim I, wherein thc concentration
of protein or antdiody ranges)rom ISO m imi to 260 m ~ 'ml.

4 The formulation of claim I, wherein the concentration
of protein or antibody ranges from )80 mg/ml to 2(iO mg/ml.

5. The formulation of claim I, wherein the concentrauon
of protein or anubody ranges )rom 200 mg/ml to 260 mg,'ml.

6 The formulation of claim I, wherein the concentration
of protein or antibody is about 150 mg ml.

7. The formulauon of claim I, wherein the osmolanty
ranges from 250 mOsm/kg to 350 mOsin/kg.

8. Thc formulation of claim I, wherein thc concentration
of arginine-HCI ranges from 100 mg ml to 200 mg ml.

9 Astable, liquid formulation of low turbidity comprising
(a) an anti-IgL monoclonal antibocly in an amount of 100 to
260 nig ml, (b) ar ininc-HCI in an amount of 50 to 200 mM,
(c) histidinc in an amount of 10 to 100 mM, (d) polysorbate
in an amount of 0.01 to O,logo, where the formulation further
has a pH ranging from 5.5 to 7.0, a kinemanc viscosity of
about 50 cs or less and osmolanty ran nn ~ from 200 mOsmi
kg to 4SO mOsmii g

10. Thc formulation of claim i, whcrcin thc concentration
of protein or antibody ran cs from 120 mg:ml to 260 mg ml.

ll. Thc formulation of claim I, whcrcin the concentration
of protein or antibody ranges from ISO mg.'ml to 260 mg/ml.

12. The formulation of claim 1, wherein the concentration
of protein or antibody ran cs from 180 mg:ml to 260 mg ml.

13. The formulation of claim I, wherein the concentration
of protein or antibody ranges from 200 mg.'ml to 260 mg/ml.

14. The formulation of claim 1, wherein the concentration
of protein or antibody is about 150 mgiml

15 'I'he formulation of claim I, wherem the osmolarity
ranges from ZSO mOsm kg to 350 mOsm/kg

16. The Iormulation of claim I, where the anu-lgE
antibody is selected from the group consisting of rhuM-
AbL25, rhuMAbl.'26 and I iu-901

17. The formuittion of claim 1, wherein the anil-I E
antibody is rhuMAbLZS.

18. The formulanon of. claim I, wherein the anu-lgE
antibody is rhuMAbL26.

19. The formuittion of claim 1, wherein the anil-I E
antibocly is Hu-901.

20. A stable, liquid formulation of low turbidity compns-
ing (a) an anti-IgLi antibody in an amount of about )50
mgiml, (b) arginine-H('I in an amount of 200 mM, (c)
htstidinc in an amount of 20 mM, (d) polysorbatc in an
amount of 0.02'70, whcrc thc formulation further has a pH of
6.0

21. The Iormulation of claim 20, wherein the anu-lgE
antibody is E25.

22. An article of manufacture otmpristng a container
enclosing the formulation of claim I

23. I'he article of manufacture of claim 22, wherein the
container is a svringe.

24. Thc article of manut'acture of claim 23, whcrcin thc
synngc is further containccl within an injection clcvicc.

25. Thc article of manut'acture of claim 24, whcrcin thc
in)ection clevice is an ante»njector

26. The formulauon of claim I, wherein said Iormulation
is reconsututed.

27. The formulauon of claim 26, wherein the protein or
antibody concentration in said reconstituted formulation is
about 2-40 times greater than the concentration prior to
lyophilization.

28. A method of trcatin an IgE-mcdiatccl disorder com-
pnsing administrating to a patient in need thereof a thera-
peutically elfective amouni of the formulation of claim 20.

29. The method of. claim 28, wherein the IgE-mediated
chsorder ts selected from the group consisung of allergic
rhinitis, asthma, allergic asthma, non-allergic asthma, atopic
dermatitis and gastroenteropathy Regeneron Ex. 2019 
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30. Thc mcthotl of claim 2S, wherein thc IgE-mcdiatctl
disorder is allergic rhinius.

31. The method of claim 2S, wherein the IgE-mediated
disorder is allergic asthma.

32. The method of claim 2S, wherein the lgL«mediated
disortlcr is asthma.

33. Thc method of claim 28, wherein thc IgE-mcdiatcd
disortlcr is atopic dermatitis.

34. The method of claim 28, wherein the IgE-mediated
disorder is selected (rom the group consisting of hypersen-
sitivity, allergic bronchopulmonary aspergillosis, parasitic
diseases, interstitial cystitis, hyper-lgL syndrome, ataxia-
tclangicctasia, Wiskott-Akdrich syndrome, thymic alym-
phoplasia, IgE myeloma and graft-versus-host reaction

35. The method of claim 2S wherein the IgE-mcdiatctl
disorder is hypersensiuvity.

36. The method of claim 35, wherein the hypersensitivity
disorder is selected from the group consisting of anaphy-
laxis, urticana and food allergy.

37. The method of claim 36, wherein hypersensitivity
disortlcr is food a((orgy.

38. Thc method of claim 37, wherein the food al(cr y
results from exposure to a legume.

39. The method of claim 38, wherein the legume is a

peatiilt.
40. A method of treating an IgL«merliated disorrler com-

prising administenng to a patient in neerl thereof a thera-
peutically effectiv amount of thc formulation of claim 20 in
combination with an antihistamine.

41. A method of treaung an IgE-methated disorder com-
pnsing administenng to a patte««n need thereof a thera-
peutically effective amount of the formulation of claim 20 m
combination with the arlmimstration of an antihistamine

42. A method of treating an IgL-mediated disorder com-
prising at(ministering to a patient in need thcrcof a thera-
peutically elfi:ctivc amount of thc formulation of claim 20 in
combinauon with a bronchodialator.

43. A method of trcatin an IgE-mcdiatcrl disorder com-
pnsing administering to a patient in need thereof a thera-
peutically cft'ective aniount of thc formulation of claim 20 in
combination with the administration of a bronchodialator.

44. A method of treatin an IgE-mcthated disorder com-
pnsing administering to a patient m need thereof a thera-
peutically cffcctivc amount of thc formulation of claim 20 in
comliination ivith a glucocorticoid.

45. A me(hot( of treaung an IgE-mediated disortler com-
pnstng administering to a pauent in need thereof a thera-
peutically elfective amount of the formulation of claim 20 in
combination with the administration of a glucocorticoid.

46. A method of trcatin an IgE-mcdiatcrl disorder com-
pnsing administering to a patient in nccrl thcrcof a thera-
peutically elfective amount of the formulation of claim 20 in
combination with a glucocorucoid.

47 A method of treating an IgL«mediated disorrler com-
pnsing administering to a patient in nccrl thcrcof a thcra-
pcutically cffcctivc amount of thc formulation of claim 20 in
combination with the administration of a glucocornco«l.

48 A method of treating an IgL«mediated disorrler com-
pnsing administering to a patient in need thereof a thera-
peutically cffcctivc amount of thc formulation of claim 20 in
combination with the administration of allcrgcn desensiti-
zation.

49 A method of treating an IgL«mediated disorrler com-
pnsing administering to a patient in need thereof a thera-
peutically efFective amount of the formulation of claim 20 in
combination ivith an NSAID.

50. A method of. (reanng an IgE-mediated disorder com-
pnsing ailministering to a patient in need thereof a thera-
peutically efFective amount of the formulation of claim 20 in
comliination ivith the administration of an NSAID

v e e v
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