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protelns that h Liie and i solated from human and ani nal
gources have B%@ﬁggéﬁgﬁiagggﬁ%’vp sing nedi cinal or therapeutic
uqoten§|$ This invention relates to sclypeptides that

; have been covalently nonded to lorc chain polymers such
g as methoxy polvethvlene glycol. Tais invention also

describes methods and reagents fcr the reaction of

b}

i activated polymer molecules with varicus bioclogically-
10 important polypeptides.

BACKGROUND OF THE INVENTION

Many proteins that have been identified and

isolated from human and animal sources nhave heen found

1S t¢o show promising medicinal or therapeutic potential.
Great strides have been made in the methods for
identifying and characterizing such proteins, in
addition to methods for producing such proteins in
relatively pure forms and relatively large quantities.

20 As the development process advances in relation to the

| utilization of such potentially wvaluable materials,
many obstacles have arisen in formulating these
compounds for use in clinical models.

For example, many such proteins. have been found

25 to have an extremely short half life in the blood
serum. For the most part, proteins are cleared from
the serum through the kidneys. The systematic
introduction of relatively large quantities of
proteins, particularly those foreign to the human

30 system, can give rise to immunogenic reactions that,
among other problemns, may lead to rapid removal of the
protein from the body through formation of immune
complexes. For other proteins, solubility and
aggregation problems have also hindered the optimal

35 formulation of the protein.

Oone of the most promising technigues for
addressing these problems has been covalently bonding
one or more inert pelymer chains to the polypeptide of
interest. The most commonly used polymer is

40 polyethylene glycol (PEG), or monomethoxyl polyethylene
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ki dneys. The syamznmﬁ|xdeal for these purboses due to its proven non- : s
5 toxic properties. Other researchers have utilized {
polyoxyethylated glycerol (PoG) for similar purposes. -!22
Knauf et al., J. of Biolog. Chem. vol. 263, pg. 15064
(1988). .
Numerous results have been described whereby
10 the covalent modification of proteins with polyethylene

glycols (“pegylation") have resulted in the addition of
desirable characteristics to the protein. PFor example,
the pegylation oi IL-2 has been shown to decrease the
clearance of IL-2 while not significantly affecting the
15 activity of the cytokine. The decreased clearance
leads to an increased efficiency over the non-pegylated

material. Katre gt a2l., Eroc. Natl.

vol. 84, pg. 1487 (1987).
Increasing the half-life of Superoxide

i 20 Dismutase.(soo) in blood serum has been a ctritical
barrier for the use of SOD for the treatment of various
symptoms. A number of studies have shown that the
pegylation of SOD will give rise to.a decreased
clearance i‘ate. See, for example, Conforti et_al.,

25 Pharm. Research Commun. vol. 19, pg. 287 (1987).

Aggregation of Immunoglobulin G (IgG) has been

postulated as a factor that leads to serious side

—

effects to patients that are intravenously administered
IgG. It has been shown that the pegylation of IgG .
30' reduces the aggregation of the proteins to prevent this
problem. Suzuki et al., Biochem. Biovhys. Acta vol.
788, pg. 248 (1984). '
The ability of pegylation techniques to affect

protein immunogenicity has also been shown. Abuchouski

35 and coworkers have studied the immunogenicity and
i circulating life of pegylated Bovine Liver Catalase.
Abuchowski et al., J. Biol. Chem. vol. 252, pg. 3582
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polypeptlde of interest. The nost commonly Used pol yper i

prOtElnS decreases clearance due to increase in
P molecular size of the pegylated S=oitein. Up to a
: 5 " certain size, the rate of glomezuiar filtration of

proteins is inversely proportional tc the size of the
protein. The ability of pegylation to decrease
clearance, therefore, is generally not a functian of
! how many PEG groups are attached tc the protein, but
E 10 the overall molecular weight'oF tne altered protein.
This has been borne cut by clearancs studies that
varied both the size of the PEC side chains and the
number of PEG units bonded to IL-2. Xatre, supra.
The various studies of pegylated proteins in
15 . relation to clearance, immunogenicity, aggregation and
physical properties all suggest that the PEG forms a
flexible, hydrophilic shell around the protein. The
PEG chains become highly hydrated and give the
pegylated proteins a higher apparent molecular weight
20 than would be predicted, and act to shield charges on

the pretein.

Because of the many promising results that have
been seen in this field, a catalogue of procedures for
the attachment of PEG units to polypeptides has been

25 developed. The key element in these procedures is the
"activation”™ of the terminal~-OH group of the
. polyethylene glycol. Such activation is necessary in
! order to create a bond between the PEG group and the
polypeptide. The vast majority of coupling procedures
30 activate the PEG moiety in order to react with free
primary amino groups ef the polypeptides. Most of
these free amines are found in the lysine amino acid
residues.

In general practice, multiple PEC moieties are

35 attached t¢ the proteins. For exanple, in United
States Patent No. 4,179,337 of Davis et _al., it was
found that to suppress immunogenicity it is desireab}e
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Because multiple PEG chains ares generally

‘bonded to each polyveptide, and because there are

typically a large number of lysine residues in each
protein, there has been little- effort to pegylate
proteins to yield homogenous reaction products. See,
Goodson et al. Bip;echng;ogx, vol. 8, pg. 343 (1990):
U.S. Patent No. 4,904,384 of Shaw. This lack of
reaction specifity gives rise to a number of

complications. Among these, are that pegylation often

results in a significant loss of activity of the
protein. Presumably, attachment to a critical lysine
residue could alter the active site of the protein
rendering it inactive.

It has been shown in at least one system, that
pegylation can lead to sterically hindered active

sites. In other words, relatively small substrates may

approach the protein, while the activity of proteins
that react with larger substrates can be dramatically
effected by random pegylation. Davis et al. supra.
The site selective pegylation of such proteins could
lead to modified materials that gain the desireable
attributes of pegylation without the loss of activity.
In addition, if the pegylated protein is intended for
therapeutic use, the multiple species mixture that
results from the use of non-specific pegylation leads
to difficulties in the preparation of a product with
reproducible and characterizable properties. This
makes it extremely difficult to evaluate therapeutics
and to establish efficacy and dosing information.

In certain cases, it has been found that the
administration of multimeric.complexes that contain
more than one biologically active polypeptide or drug
can lead to synergistic benefits. For example, a
complex containing two identical binding polypeptides

may have substantially increased affinity to the ligand
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rnuodj fication of proteins Wth polyethylene glycois ('pegyl atheashniaMts seen |
resul:ted in the addition of desirable characteristics to the protgimacker |
exanpl e, the pegylation of I1L-2 has been s¥own to decrease the~-cl-earance-of
kL-2 while not significantly affecting the activity of the cytokine, The
decreased cl eaPFhECHRIS1ER dPFhore RS HIGLETE B dhe Menreieyy| at ed
Material. KatRlgpadtiad) ocFoNattis AfithorsCinuldiSeAric/ Bonpixddd o 4487
(1987). Incr ea%irré’gc the hal f-

life of eroxi de. : -
1 eins can be §251r§%¥% in order to increase affinity
b . of the protein to its ligand in az&dition to increasing
: 5 the molecular weight of the complex.

i
' Proteins frequently achieve their biclogical

]
; effects through interaction with ccher proteins. Where
5 .a simple complex of two proteins is sufficient to
achieve the biological effect it has proved possible to
10 mimic the physioclogical effects of endogenous proteins
by administering exogenous proteins. However, where
the biological effect requires the assembly of a
complex containing more than two proteins it is more
difficult to mimic the function of the endogenocus
15 proteins with recombinantly produced exogenous
equivalents because the higher order complexes are
fregquently unstable. In such cases. it may be
advantageous to use crosslinked species containing two
of the components of the complex to simulate the
20 biologically-active complex.

Subsequent to the invention described herein,
at least three research groups have described the
production of crosslinked proteins, where the
extracellular portions of .one of the TNF receptors is

25 attached to the heavy chain of human or mouse IgG,
' which are then crosslinked through disulfide bonds.
Peppel et al., J. Exp. Med. vol. 174, pg. 1483 (1991);
Ashkenazi et al., Proc. Natl. Acad. Sci. USA vol. 88,
T Pg. 10535 (1991); and Loetscher et al., J. Biol. Chen.
30 vol. 266, pg. 18324 (1991). In each case, the proteins
were expressed in animal cell expression systems, and
were found to be substantially more effective at
inhibiting TNF than the monomeric scluble receptor
alone. Similar procedures have also been used for

35 producing similar crosslinked proteins of the CD4

protein, (Byrn et al., Nature (London) vol. 344, pg.
667 (1990)) the CR1 protein, (Kalli et al., J. Exo.
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5 two polypeptide units and a portion of the IgG antibody
~-- have been shown to have promise as therapeutic
agents. The crosslinked proteins have an increased
molecular weight, which acts to decrease the rate of
clearance of the complex from the body, in addition to

10 the apparent enhancement of the affinity of the
proteins to their ligand. However, the proteins
crosslinked in this manner have so far only been
prepared by expreséion in animal cell expression
systems by the expression of fused genes. This has

15 been required in order to have the IgG portion of the
protein properly folded after expression. In addition,

i the fixed heavy chain portion of the IgG antibedy that

! serves as”the spacer or linker between the polypeptide

units does not alleow for the ability to vary the

» 20 length, size or geometry of the spacer. Given the
apparent synergistic effect achieved by the dimeric
proteins, it ié likely that by varying the spatial
orientation of the polypeptides the synergistic benefit
may be optimized. And finally, the crosslinked

25 proteins may be antigenic and/or have decreased
solubility. The heavy chain of antibodies is not
bioclogically inert.

Other dimeric or "bivalent"™ complexes have been

described. One such group of dimeric compeunds has

30 been labeled hirulogs. These compounds are comprised
of very short polypeptide units that are linked by a’
short poly-glycine spacer or linker. One of the
polypeptide units is a thrombin inhibitor — a 5 amino
acid sequence taken from the 65 amino acid protein

; 35 Hirudin =-- and the other is an anion-binding exocite

- (ABE) recognition inhibitor. See, Maragonore et al.,

1ochemlstrx vel. 29, pg. 7085 (1990): Bourdon et al.,
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giﬁ é 84). The ability of pegylation techni ques geg/aikbgabier otein
ICItV as al so been shown. Abuchouski and coworkers have studied

t fie 5 m nunogenicity and circulating |ife of pegylated Bovine Liver
Abuchowski et al., J. Biol. Chem vol. 252, pg. ﬁg%HPElHBéBL”\
(1977). The addition of PEG groups to these various © REPLACED

FEBS vol. 294, pg. 183 (1991).

C-reactive protein (CRP) is an acute phase
sexrum profein composed of five identical 23kDa
subunits. CRP can induce reactioas of precipitation
and agglutinétion and can also rzact with Clg to
activate the classical complement caitiway. Cross
linked oligomers of CRP have been formed using bis
(sulphosuccininidyl) suberate or 3,27-dithio
(sulphcsuccinimidylpropionate) as cross-linking agents.
Jiang et al., Immunologv vol. 74, »g. 725 (189%1).

The formation of dimeric or bivalent 1i§ands
for targeting opoid receptors has also been
invéstigatedl Non-peptidic B-naltrexamine or

oxymorphamine pharmacophores have been connected by
short ethylene oxide or glycine spacers. Erez et al.,
J. Med. Chem. vol. 25, pg. 847 (1982); Porteghese gt
al., J. Med. Chem. vol. 29, pg. 1855 (198s).
Tetrapeptide enkephalins linked by short methylens
bridges have also been designed to target opoid
receptors, and have been shown to have a greater
selectivity and affinity for the delta receptor than
the original delta ligand. Shimohigashi et al., Nature
vol. 197, pg. 333 (1982).

The cell surface glycoprotein CD4 has alsc been

produced in multimeric forms through a sugar-based

. cross-linking strategy. The cross-linking agent

utilized was bismaleimidohexane (BMH). Chen et al., J.

Biocl. Chem. vol 266, pg. 18237 (1991).
Lymphocyte function-associated antigen-3 (LFa-

~3) is a widely distributed cell surface glycoprotein

that is a ligand for the T lymphocyte CD2. LFA-3 with
its associated lipids forms protein micelles of eight
monomers which increased their ability to interact with
cells with CD2 on their surface. Dustin gt al., J.

Exp. Med., vol. 169, pg. 503 (1989).
In a somewhat related technology, one group has

studied the inhibitory effect of a synthetic
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function of how_nma Qups _are_at ed.t in, but the
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to a size of about 10,000 daltons. The polymerized ;
5 pentapeptlde is one of the essential structures in 1

geveral bioclogical responses. -Morata et 2., Inst. J.
Fiol. Macromol. vol..ll, pg. 97 (1989).
A further obstacle in developing effective

gxogenous proteins to augment or compete with

10 éndogenous substances is that excgenous proteins must
Ye administered systematically rather than being
Tocalized in the appropriate place. This can lead to
Tower efficacy and to increased side effects. Several
éroups have reported targeting bicactive protéins to

: is5 the appropriate sites by linking them to other proteins

‘ that naturally home on those 51tes- often such
linkages are made through gene fusions between the
dctive and the targeting proteins.

Polyethylene glycol spacer or linker units have

20 Been used to create antibody targeted superantigens
after the date of the instant invention. A monoclonal
antlbody reactlve to colon carcinoma cells was attached
to the bacterlal superantigen staphylococcal
énterotoxin. Rather than being desxgned to exploit the

i 25 benefits assoclated with the other bivalent complexes
{e.g., higher molecular weight; synergistic effects of
bivalency) these complexes are designed to target i ..
sguperantigens to specific locations. The pegylation
brocess described to form these targeted superantigens .

30 creates a complex containing a large mixture of
fiaterials. The coupling of the antibody and the
superantigen was accomplished by the use of N-succin-—
imidyl 3- (2—pyrldyldlthlo) nronrlonate and a 24-atom-
long PEG-based hydrophilic space. According to this

35S ﬁrccedure 7 to 18 spacers were attached to each
éntibody unit and cone or two lysines on each of the
super antigens were reacted. Dohlsten et zl., Proc.
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5 Two groups of proteinacecus =materials having

et

significant applications for the tweataent of a wide

variety of medical indications are Tumor Necrosis
Pactor (TNF)winhibitorS-and.interleukin—l receptor
antagonists (Iiulra}- These materials have been shown

10 to have beneficial effects in the treatment of TNF and
IL~-1 mediated diseases respectively. AaAnong the
indications that have been identified as being either
TNF mediated or IL~1 mediated, are Adult Respiratory

‘ Distress Syndrome, Pulmonary Fibrosis, Rheumatoid
15 Arthritis, Inflammatory Bowel Disease and Septic Shock.
Copending U.S. Patent Application Serial No.

555,274, filed July 19, 1990, specifically incorporated
herein by reference, describes a class of naturally
occurring proteinacecus TNF inhibitors and a method for

20 manufaéturing a substantial guantity of the same with a
high degree of purity. In particular, the
aforementioned application describes in detail twe
subsets of TNF inhibitors referred to as 30kDa TNF
inhibitor and 40kDa TNF inhibitor. In addition to the

25 full-length 40 kDa TNF inhibitor protein, two
truncated, yet biologically-active, forms of the 40 kDa.
TNF inhibitor have also been produced. These proteins,
in which 51 and 53 carboxyl termini amino acids have
been removed from the full-length protein, are referred

30 to respectively as 40 kDa TNF inhibitor AS51 and 40 kDa

' TNF inhibitor AS3.
Copending U.S. patent applicatlion Serial No.

07/506,522, filed April 6, 1990, specifically
incorporated herein by reference, describes a preferred

35 -class of naturally occurring, protsinaceous Il-l
inhibitors and a method for manufacturing a substantial
quantity of the same with a high degree of purity. 1In
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irag, and Il-lrax. ':’
Two additiona)l classes of materials that are {
. -\

potentially useful for the treatment of a variety of {_ks

medical indications are interleukin-2 inhibitors and
¢omplement inhibitors. Potential inhibitors of
interleukin-2 include interleukin-2 receptors, the
extracellular portion of interleukin-2 receptors,
interleukin-2 receptor antagonists, antibodies that
recognlze interleukin-2, and fragments of any of such
species that contain the IL-2 binding function.
Potential inhibitors of the complement system include
the receptorale, the extracellular portion of CR1l, and
the fragment of CR1 that contains the complement
kinding function.

| Interleukin-2 receptor has been described and
methods for its isolation have been disclosed in U.S.
Pakent No. 4,578,335 of Urdal et a2l. and U.S. Patent
HNo. 4,816,565 of Honjo et _al. The gene encoding
Interleukin-2 receptor and methods for its recombinant

production have also been disclosed. European Patent
Application No. 89104023.0 of Tanigquchi et al.:
European Patent Applicatjon No. 90104246.6 of Taniguchi
et al. See also, Honjo gt _al., Nature vol. 311, pg.
631 (1%84); Téniguchi et al., Science vol. 244, pdg. .
551 (1989).

It could be assumed that to some extent the . -

soluble extracellular domein of either interleukin-2
receptor will act as an inhibitor to the action of the
cytokine interleukin-2. Interleukin-2 is one of the
best characterized cytokines, known to play a pivotal
role in the antigen—specific clonal proliferation of T
lymphocytes. Interleukin-2 has also been shown to act
on a variety of other cells in the immune system.
There are three discrete forms of the
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PEG chains are general |y bonded to each pol ypept.ide; wam&:f
!1,;;

there has been little- effort talpegylate proteins to yV@LdvEU_MMMQ

receptor molecules designated eithser as IL-2rc and
TL2xA. | ',

The highest affinity IL-Z receptor is composed
of two distinet I1—~2 receptors. 3oth of these
receptors have been cloned and characterized. The low
affinity IL-Z'receptor (IL-2re) was cloned in 1984 and
has been well characterized. Nikaids et al., Nature
vol. 311, pg. 631 (1984). The extracellular domain of
the molecule has a molecular weight of 24,825 and has
two N-linked glycosylation sites. The molecule
contains 11 cysteines, 10 of which are involved in
intramolecular disulfide bonds. The putative IL-2
binding domains on the molecule have been mapped both
by mutagenesis and eﬁitope nmapping. . The
intermediate affinity IL-2 receptor (Il-2rf) was cloned
in 1989 and has not been as completely characterized as
TL-2ra. Hatakayama et al., Science veol. 244, pg. 332
(1989). The extracellular domain of IL-2r§ has a
molecular weight of 24,693. The molecule contains 8
cysteines and 4 N-linked glycosylatioﬁ'sités. The
disulfide bonding in the molecule is unknown. IL-2rg8
has a cytoplasmic domain of 286 amino acids.

The disassociation constants (Kd’s) for the IL-
2 receptors have been determined. They are 10°% for
TL-2ra, 10°°M for IL~2rf and 10"''M for the high affinity
receptor which consists of a compléx of IL-2re, IL-2rf
and IL-2. Current models indicate that the formation
of the high affinity complex is formed first by IL-2
binding to IL-2re and then to IL-2rf. Ogura et al.,
Mol. Biol. Med. vol. 5, pg. 123 (1988).

An inhibitor of IL-2 may be valuable in the
prevention of transplant rejection as well as
autoimmune disorders. Currently, a monoclonal antibody
against IL-2ra that prevents IL-2 binding is being
tested in human renal transplantation. Hiesse gt al.,

1a Presse Mediccle vol. 20, »g. 2036 (19%1). In a

is Sheet Has Been Replaced

|

‘T

nLine el e
Received Timej.rrl23 Feb. 11: 4r~]- Print Time 23. Feb, 12:02




reactloﬁV@ﬁéﬂﬂ?ly gives rise to a nunber of conplications. "Anong these,
are'that pegylation often results in a significant.
prot ein.

sites.

pr ot ein,

| n ot her ds relatlve smal L _subsir [
mhlIea#ﬂﬂ¥ﬁﬂﬁﬁ3ﬂqﬁf%ﬂnﬁéﬁofgfng Fﬁa?“?éhcf mn%h 2?8%%3 igstrates

PCT/US92/02122

| 0ss of | geks viky: ofs the
Presumably, attachnment to a critigal |ysine resi due coul:d:saktes

the active site of the protein rendering it inactive. It ha$ beei Showi Tn~
at |east one s

s

..-._...« N

dihals RR@MileHdson thanaheabodyp, sinrcenbiyatxnﬂeweuhactlve

can be dranati gal Ipreafdmcirey dii agraddnrpdgytbonons DaePBLEel agfrodBbr a.

10

15

20

25

30

35

getting higher doses of immunosuppressants. High
levels of circulating soluble ilL-2r~ have been detected
in a number of diseases, some infections, as well as
transplantation and rejection. This suggests
involvement of IL-2 in these diseases.

CRl is a protein also referred to as the
C3b/C4b receptor. CR1 is present on erythrocytes and a
variety of other cell types, and specifically binds
C3b, C4b, and iC3b. CR1l can also inhibit the classical
and alternate pathway C3/C5 convertases and act aé a
cofactor for the cleavage of C3b and C4b by factor 1.
Fearon gt al., Rroc. Natl. Acad. Sci. USA vol. 75, pg.

5867 (1979).“ CR1l is a glycoprotein composed of a
single polypeptide chain, and there are four allotypic
forms. It is known that CR1 contains repetitive coding
sequences, and this fact is used to explain the
existence of multiple allotypes. Krickstein et al.
Complement vol. 2, pg. 44 (Abst.) (1985).

The diminished expression of CR1 on erythocytes
has been associated with systemic lupus erythematosus
and CR1 number has also been found to correlate
inversely with serum level of immune complexes. The
CR1 protein, the CR1 gene and methods for the
production of CR1 are described in WO 91/05047 and WO
89/09220 of Fearon et al. As described above, dimeric
species containing CR1 and portions of an antibedy have
also been disclosed. WO 91/16437 of Hebell gt al.

SUMMARY OF THE INVENTION

This invention relates to a method for
modifying polypeptides and the resulting modified
polypeptides.

This invention includes substantially purified
compounds comprised of the formula R,-X-R, wherein R,
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The si:tqveetasnlve pegyl ati on of such proteins could | ead tREHBESR{G2422
materials that gain the desireable attributes of pegylation wthout the

oss eof-activity. In addition, if the pegg. | at ed protein ilsTHRt SBEGIASOBEEN
herapeutic use, the nultiple species nixt8fe that results| fromrEfeACEe of

—_— e —

on-speci fic pegylation |leads tq difficulties in the prepargrion.or a
roduct with réﬁﬂo@ucﬁsﬁeb_&ﬁi"@ﬁ&?gé@’e?‘F‘Eéﬁ?e‘;p?bﬁﬁr?ﬁﬁsg 13nfsfillkes it
xtremely diffpephtlidic elymérid ayapatit | & and ?;_fp st i itde efdmeacy and
osi ng i nformation. ' e | tyhag Reen.; ) t

wdni ni st rati on °8f %rhﬁ elrcrregé ?h[c]%rrp ’e%é‘sfi tar#a]tt'%corft al r?ogg{tthtéat& afia R

’ is- polypeptidic. In the preferrec embodiments, R, and

D.T

).

5 R,-are selected from the group ccmsisting of
interleukin-1 receptor antagonisti; 30kDa tumor necrosis
factorx inhibitor; interleukin-2 receptor and CR1, and X
is selected.from the group consisting of polyethylene
glycol, polyoxyethylated glycercl, dextran, colonic

10 acids, poly f-amino acids and carbonydrate polymers.

‘ Also included are pharmaceutical compositions comprised

| ‘ of such substantially purified compounds in 2

pharmaceutically acceptable carrier. Further included

are methods of treating patients in need thereof with
i5 such pharmaceutical compositions. The compounds of the
formula R,~X-R,, as depicted in Figure 19, are referred
to as "dumbbells".
; : This invention also includes a method for the

preparation of substantially purified therapeutically

20 | valuable compounds comprised.of the formula R,-X-R,

: comprising reacting a non-peptidic polymeric group

having at least two reactive groups capable of forming

H covalent bonds with the biologically active group R;
and isolating said compoundg..

25 In an alternate embodiment, this invention
includes a method for the preparation of substantially
purified therapeutically valuable compounds, comprised
of the formula R;-X-R,, wherein R; and R, are different,
comprised of: reacting a non-peptidic polymeric group

! 30 capable of forming covalent bonds when reacted with the
biologically active group R, to form a complex R-X;
reacting complex R.-X with the biologically active
group R, to form said compound; and isolating and
purifying said compound.

a5 In one embodiment, this invention relates to

the site-specific pegylation of TNF inhibitor and IL-1

inhibitor proteins.
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or active site that

For exanpl e,

a conpl ex containing twe jde QI1
bi ndi ng. pol ypeptides may have substanti atd4 i ncreased afflnth
it binds rlative to.the nnnoner;c :
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_ e. For this Ieagfer hA @adshed i SRS eERBESIE L5V 0P ns can be
desirable in oggggltaqlbncrggwlaﬁf- fhei tyagéntdeaps cielectad ittt iwhhll i n

asi n

An example of a

pegylation reagent that covalently binds almost

exclusively to the -SH groups of cysteine is 0-(2-
maleimido ethyl)—-0‘/ methlypolyethylene glycol.
Site specific pegylation may be done at either

naturally occurring "free" cysteine residues of a given

polypeptide, or at free cysteines contained on muteins

of the naturally-occurring polypeptides.

Cysteines may

either be added to or inserted into the amino acid

sequence of the natufally occurring polypeptide, or

substituted for other amino acid residues at selected

locations.

In one embodiment of this invention,

the

polypeptides that are to be pegylated are produced via
recombinant DNA Lecnnology from a bacterial host cell.
In most cases the bacterially expressed polypeptide
must be refolded to obtain biological. activity prior to

the pegylation step.

In certain applications of this

invention, the native polypeptide does not contain any

free cysteine residues, but an altered polypeptide is

produced to contain at least one free cysteine in the

biologically active polypeptide.

According to this

method, the refolding of the bacterially expressed
polypeptide is facilitated by the addition, in turn, of
a sulfhydryl containing compound such as cysteine and a
disulfide containing compound such as cystine. After
refolding and purification, the polypeptide is treated
with a limited amount of 2 mild reducing agent such as
dithiothreitol ("DTT") to regenerate the sulfhydryl
group of the novel cysteine residue of the altered
polypeptide{ Follcwing'dialysis under conditions

designed to prevent oxidation,

the polypeptide may be

reacted with a cysteine specific pegylation agent to

site specifically form a covalently modified
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the ol eaybanéart ght of the conplex- Proteins frequently a®TéVeozMeIa

bi ol ogi cal effects through interaction with or her proteins. where a sinple
ﬁoﬁphex,of two proteins is sufficient to achieve the bioIogLéa#fefﬁeggy&ﬁgg‘
has proved possible to minic the physiol ogPtal effects of éndbgefious ..o Z
prot ei ns by adni ni stering €xogenous proteins. However, where the*blel ogi-cal
ef f ect reqU|re99ﬂNPeﬁ§§éHbly of a conpl ex containing nore than two proteins
't |ﬁbnnre difficult tprgkgreethegylatid opoDipddteduxiag®nius mratenns with
hgﬁgle;ggntg¥eegggg %%u?ép e@%%%J%]£$§¥f%yfiybSg@gigtéﬁerﬁbgher or der
inhibitors and IL-1 inhibitors. ¥cozs specifically,

5 this invention describes pegylated Z0kDa TNFlinhibitor
and pegylated IL-1 receptor antagcnist. Most preferred
pegylated TNF inhibitors include 32kDa TINF inhibitor

wherein the asparagine amino acidé rasidue at position
105 of the native human protein is changed to cysteine
10 using in vitro mutagenesis and pegylation has occurred
at the free cysteine at position 103. Other pegylated
derivatives of mutated 30kDa TNF ianibitors include

mutations where cysteine has been added at positions 1,
14, 111 and 161. In addition to the singly pegylated

15 muteins, any and all combinations of the various
mutations may be included within a single mutein to
create altered 30kDa TNF with more than one free
cysteine residue capable of being pegylated.

The most preferred pegylated IL-lra includes

20 native or naturally occurring IL-lra, which includes
four free cysteines. Mono pegylatioﬁ‘of the native IL-
ira yields site-specific pegylation at cysteine
position 116. Other pegylated derivatives of mutated
IL-lra include muteins having cysteine added at the

.25 amino terminus of the polypeptiide, cysteine added at
positions 6, 8, 9, 84, or 141, and the replacement of
the cysteine at position 116 with serine.. In addition
to the singly pegylated muteins, any and all

T combinations of the various mutations may be included

: 30 to create altered IL-lra with more than one free
cysteine capable of being pegylated.

other aspects and advantages of the present
invention will be azpparent upon consideration of the
following detailed description of the invention,
; 35 ‘ including illustrative examples of the practice of the

invention.

e et
s e
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WO 92/16221 - PCI/US9Z/02122 -
frequently unstable. In such cases. it may be advantageous to use
crosslinked species containing two of the conponents of the conplex to -

sinmul ate the biologically-active conpl ex-18dbsequent to the n

described herein, at |east three research groups have describ&BIStSHEET Hag BEEN

producti on of RES | DRSCRIPDICN (BF THEORAWINGSKt r acel | ul ar rtlﬂmmDone

of the TNF receptors | che Qe-? AN kdaldy Hfs use

whi ch are then crossllﬁﬁgg throggkgg%sur ?de onds Peppe et éf . Exp. .

Med. vol . 174, TRRivegElti®®4): Ashl kenazi et al., Proc. Natl. Acad. Sci .

USA vol . 88, Figure 2 depicts the amino a2cid sequence of -

5 "pative 30kDa TNF inhibitor. )

Flgure 3 shows the Coomassie SDS~PAGE of - ¢

unpegylated and pegylated forms of IL-1rz and the
mutein c84sl1l1l6 IL-lra. Lanes 2, 3, 5 and 6 contain
pegylation reaction mixes. Lanes 1 and 4 are the
10 unmodified proteins:
Lane 1 ~ IL-1ra
Lane 2 - mPEG'SOOo
Lane 3 - mPEG g, IL-1ra
Lane 4 = <¢84sll6 IL-1ra
S
6

IL-1ra

15 Lane 'c84s116 IL-1ra
Lane 6 — MPEGT,, cB84sl16 IL-lra
Figure 4 depicts the mono S ion exchange
' chromateography of: Chromatogram A, the pegylation
reaction mixture of mPEGﬁm; IL-1lra, peak 1 is the
y 20 modified and peak 2'is the unmodified Il-lra; and

- mPEG, 5000

Chromatogram B, shows the purified mPEGy,,~ IL-lra.
Figure 5 depicts a size exclusion chromatogramn

showing the elution profile of several size standards,

IL-1ra (fraction 7) and Il-lra (fraction |

*

and mPEGgg,
25 13).
Figure 6 depicts the reverse phase HPLC
fractionation of tryptic digest of alkylated mPEGsouo .
IL~-lra reacted with tritiated icdoacetic acid to label
free cysteines. séparation was performed on a Brownlee
30 C8 (2.1 x 220mm) colunmn at ambient temperature and a
flow rate of 1000pL/min with a linear gradient.
Solvent A was 0.1% TFA in water and solvent B was
0.085% TFA in 80% acetonitrile and 20% H,0.
Figure 7 depicts the reverse phase HPLC
35 fractionation of chymotryptic digest of peptide 18 in
. figure 6. Conditions were identical to those in Figure
6. Peptides 5 and 8 contained tritium counts and
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I n each case,

; and Loetscher et al ., J. Biol.
the proteins were iexpressed in. an:gal»geli
and were found to be substantially mor & BFF SEEEV 8/t
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i nhibiting TNF than t he mononeric sol ubl exveceptor alone. §
brocedures have al so been used for producing simlar crosslinked proteins
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This cycle was the

only one containing counts above background. The amino

acid seguence of peptide 8 begzan wi

lra. Redigestion of this pepticde w
permitted fractionation of all trit

peptide.
Figure

8 depicts the plasza

+h serine 103 of Il-

-l

ith chymotrypsin
iz counts from the

-
1

Ii-lra

concentration versus time profiles of mature IL-lra,

pegylated IL-1lra, and several pegyvlated muteins of IL-

ira.

Figure 9 shows the $DS-PAGE gel showing c¢105

30kDa TNF inhibitor and wPEG,
unreacted 30kDa TN?

and the separation of
.inhibitor from wmPEG cl105 30kDa TNF
inhibitor by size exclusion chromatography.

Figure 10 shows a plot containing intravenous

plasma Il~lra concentration versus time curves for a

large number of singly P

EGylated IL-lra species, doubly

PEGylated IL-lra species, and IL-lra PEG dumbbell

species.

Figure 11 shows a plot containing subcutaneous

plasma IL-1lra concentration versus time curves for a
number of IL~lra species as in Figure l0.
Figure 12 shows a plot of plasma IL-6 levels

versus time after the injection of mice with hrTNF.
Figure 13 compares IL-6 levels jinduced in mice

by five ratios of cl05 30kDa TNF inhibitor to TNF (A)

and five ratios of cl05 30kDa TNF inhibitor PEG,y,,db to

TNF (B).

Figure 14 depicts plasma IL-6 levels induced in

mice by TNF alone and one to one ratios of TNF to clO05
30kDa TNF ilnhibitor PEG,, and PEG,; ;o dumbbells.
Figure 15 depicts percent neutrophils induced
py varying ratios of TNF to c¢105 30kDa TNF inhibitor
(2), €105 30kDa TNF inhibitor -£c3mdb (B):

TNF inhibitor PEG ndb (C): and c105 30kDa TNF

RecﬂvedTime
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_7- FEBYQ&/1638h g 163 (1991). C-reactive protein (CRPF TSR/
phase serum protein conposed of five iden tical 23kDa subunits. CRP can
i nduee reactionts of precipitation and aggiutination and car aHSGHEERGIAS BEEN
with Cg to activate the classical conplenment pathway. Crosg |i nkRErLACED

ol i goners of niavMe iedrd,onred usj ng bis (sul phosucci ni mayT) suberate

or 3,3 -dithio suIphosucciﬁ?ﬁ?g%ggwopionate) as Crqss-1inking agents.

Jiang et al., |munol oE+YUES)? ¥y.2 REPY FRIFR-ERG ABETRVESR dimeric -
or bivalent |igaagma 30kDa TNF inhibitor concentration versus time
curves for native 30kDa . TNF inhibiter, ©105 30kDa TNF -,
5 inhibitor PEGgy,, and PEG, g and 30kDa TNF inhibitor

PEGyg09s PEG,q oo aNd PEGy; g4 dumbbells.

Figure 17 shows a plot ‘containing subcutaneous
plasma 30kDa TNF inhibitor concentration versus time
curves for a number of 30kDa TNF inhibitor species as

10 in Figure 1s6.

Figure 18 depicts the solubility of 3 solutions
of native IL-1lra and c8¢ IL-1ra PEGy, by plotting 0.D.
405 versus time.

Figure 19 depicts the basic structure of

15 compounds of this invention having the general formula
R,-X-R, that are referred to as dumbbell compounds.

DETAILED DESCRIPTION OF THE INVENTION

This invention involves thé selective
' 20 modification of pharméceutically useful polypeptidés,
in particular, Tumor Necrosis Factor ("INF") inhibitors
and
interleukin-1l ("IL-1") inhibitors. More specifically
this invention describes the selective modification of
25 30kDa TNF inhibitor and IL-~1 receptor antagonist
("IL-1ra"). The selective modifications serve to both
enhance the pharmacokinetic properties of the .
polypeptides as well as to provide homogenous
compositions for human therapeutic use. .
30 Additional polypeptides that may be selectively
modified according to the procedures of this invention
include interleukin-2 receptors ("IL-2r") and CR1. All
references to interleukin—-2 receptor shall be construed
to include both ¢ and £ chains of IL-2r unless stated
35 otherwise.
In the preferred embodiments ©of the invention
the modified polypebtides and DNA sequences are human.
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for tar oi d receptors has al so been investigated

err] - gﬁ%?@%&%ﬁhe or oxynor pham ne phar macophores have begﬁHZ@ﬁﬁéﬁaég-by
hor.t set hyl ene oxi de or glycine spacers. Erez et al., J. Med. Chem_ VQJ el
5 pg. 847 (1982); Portoghese et al, J:._M\pd. Cham "vol . 29 HRgs 5 BEE =N
1986). Tetrapepti de enkephalins: i nked by short nethyl ene br|d955®havé» o

\l so been deS|ggggepgrtagge&hgpgkgepgcggggr§peand baye=begnaghowi t6 have a
reater select|V|%% and af finity for the delta recep tor than the original

elta ligand. AP %PQXSHFtEFeEIanlﬁa%uPQAvﬁPc 3855 %@ seguepgesofo

the human forms, they would be inciluded within the

nrn QNN

scope of this invention.

5 In one ernbodiment, the methecd of modification
of the present invention includes covalently bonding
long chain polymers to the polypeptides of interest in
a site specific manner. The selected polypeptides may
be the native or naturally occurring polypeptides of

10 interest, or they may be biologically active muteins of
the polypeptides that have been produced to enhance the
modification process described herein. The method of

the invention includes the selection, production and
screening of desired muteins that will meet the

15 objectives of this invention. In other embodiments of
this invention the method for modifying polypeptides
requires merely that the modification be made so that
the resulting product be available in substantially

. purified form as that term is defined herein.

20 In certain embodiments, the modified
poiypeptidesﬂof the present invention will be bonded to
long chain pélymers.at specific positions of the amino

. acid sequence. The modified polypeptides of the
present invention will retain a substantial portion of

25 their biclogical activity. In the preferred
enbodiments, the modified polypeptides will retain at
least one tenth of the bilological activity of the
native polypeptide in a receptor binding assay. In a
more preferred embodiment, the medified polypeptide

30 will retain at least one fifth of the biological
activity of the native polypeptide, and in the most
preferred embodiment at least one fourth of the
activity will be retalned. In addition, the modified
polypeptide will serve to improve the pharmacokinetic

335 performance of the native polypeptide in at least one
of the following areas:

1) increasing the apparent molecular weight
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The cel IWQL?er'E@élgI ycoprotein CD4 has al so been produced in rmuF?l keric
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forms through a sugar-based-cross-linking strategy. The cross-|inking agent
utilized was bi snal ei m dohexane (BVH).

266, " pg.

18237 -(1991) .

et al., J: Biol——Chem -vol.._..

a widely d'Strb&“&%&‘H§ﬂ1¢éﬂ§5%¥%é$ﬂw@%péah¢ Rehb@| teaacihgapref O thd T
| ynphocyte CD2. ~LFA-3 with its

ei ght nononer s SHFRARNGR &k d
sadhded stRattiion;et al ., L. Exp. Med., vol. 169, pg. 503

CD2 on their

(1989).
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2} increasing the solubility ef

ssqQcl ate

&b PH

ids forns ﬁrotetn m cel | es of

eyt Rpdons ohoce

polypeptide in agueous solutions; or

FFERiCel Is with

the native

3) reducing the antigenicity of the native

polypeptide.

In many embodiments of the invention, each of

these objectives will be accomplished. In

the

preferred embodiments of the invention, the long chain

polymer will be polyethylene glycol or monomethoxy

polyethylene glycol.
be referred to herein as PEC and

A polyethylene glycol unit will
a mononethoxy

polyethylene glycol unit will be referred to as mPEG.

The approximate molecular weight of the pol

will be given in subscripts.

For example,

ymeric unit
a

monomethoxy polyethylene glycol unit of approximate

molecular weight of 5,000 will be depicted as mPEGgyy,

or PEGyq- Other long chain polymers included within

the scope of this invention are polypropylene glycol
("PPG"), polyoxyethylated glycerol ("POG"), dextran,
colonic acids or other carbohydrate-based polymers and

polymers of S-aminc acids and biotin derivatives.

In an alternate embodiment of the present

invention, the long chain polymer unit is dihydroxy

polyethylene glycol,

or HO-(CH,CH,0) -H. When activated

to bind covalently with polypeptides or other
biologically active compounds as described below, the

dihydroxy material will contain two reactive sites.

In the preferred embodiments of the present

invention the long chain polymer units are bonded to

the polypeptlde via covalent at

tachment to the

sulfhydryl group (-SH) of a cysteine residue. To

obtain selectivity of reaction and homologous reaction

mixtures, it is useful to utilize functicnalized
polymer units that will react specifically with

sulfhydryl groups.

The functional or reactive group
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In a sogpwipis2zel ated technol ogy, one group has studied thecmrssbvuna
effect of a synthetic pol ypeptide that is conprised of ETENgak:
pentapeptldyl unit. The pol ynmer was synthesized by the pollyner
procedure with di phenyl phosphoryl azi de-2b-a size of abou ons.
The _polyneri zed entapeptide is one of the essential structures i n several
blologlcal res@bgéééedNGPaFéeeﬂ9ﬂ° chadn p9lvpey| isVvReF8RPRd ¥81. 11, pg.

97 (:989). ‘Herein as the activating group. AaActivating groups
include the maleimide group, sulfhve~vyil group, thiol,
triflate, tresylate, aziridine,.oxirane and 5-pyridyl.

5 The preferred activating groups are maleimides.
° Activated dihydroxy poiyethylene glycols,
‘Because of the physical separation Zetween the ends of

‘he polymeric chain, are nearly ecualily reactive at
gach end of the molecule. By appropriate selection of
10 reaction conditions and polypeptides, the activated
'&ihydroxy polyethylene glycols--or any other multi-
_@etivated long chain polymer unit—-will react with
‘pPolypeptides to form "dumbbell" shaped conplexes where
two polypeptides are joined by a long chain polymeric
15 uhit.

By utilizing- the dlfferent rates of reaction
that would be found between the activated polymeric
linked group and different cysteine-containing
‘polypeptides and by the kinetics of the reactions, it

20 is easily w1th1n the skill of those 1n the art to also
produce dumbbell cownWexes where substantially purified
compounds can be formed comprising two different
polypeptide groups, or comprising a single polypeptide
group and a different biologically active group.

25 Examples of such heterodumbbell compounds are given
below.

The extent and availability for reaction of
cysteines varies dramzticzlly from polypeptide to
polypeptide. Therefore, in the bioclogically-active

30 form many polypeptides do not have "free" cysteines, or
cysteines not bound to another ' cysteine. 1In addition,
the existence of "Irxee"™ cysteines does not wmean that
cysteines are accessible for binding to reactive
reagents. Since the modification usually occurs on the

35 active or three dimensionally folded polypeptide,
little or no reaction will occur when a free cysteine .
is found within the i nterﬁor" of the folded structure.
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place. This can lead to |ower efficacy and to increased side_effects. —--
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appropriate t b i nki . '
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units have cysteine having a certain proximal relationship to the

5 active site may effectively deactivate the polypeptide.
Even when a great deal is known about the selected
polypeptide, it is difficult, if net izopossible, to
accurately predict which cysteine residues may be
effectively modified.

10 The same factors alsc exist when mutated
polypeptides are produced that .contain additional
cysteine residues. When the polypeptide is
recombinantly produced via bacterial expression, the
non-native cysteines may interfere with the proper

15 refolding of the polypeptide. 1In addition, the
cysteine must be accessible to the pegylating reagent,

" and the pegylated cvsteine must not significantly
interfere with the active site of the polypeptide.
The selection of potential sites within a given
s 20 polypeptide for the:introduction of a non-native
E cysteine can be influenced based on various sources of

information. For example, glycosylation sites may be a

good site for a mutation to include a free cysteine.

To the extent that information is known about the

25 binding or active site of the polypeptide, that
information can also be used to select potential
muteins. The addition or substitution of a cysteine
residue at the amino terminus or carboxyl terminus of

the polypeptide is also a likely prospect because of
30 its locatien. And finally, the mutation of lysine
residues to cysteine may be considered based on the
assumption that lysines will generally be found on the
surface of the biologically active polypeptide.
Although a variety of potential muteins can be
35 selected for a given pblypeptide that may meet the
desired characteristics, it is only through the

synthesis, pegylation and testing of such altered
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beeh used to Cr e antibody targeted superantigens after t $92082128€.
2125
I nstant . é%ﬁ A noonocl onal anti body reactive to colonh§%?@$nona cells

was attached to the bacterial superantigen staphyl ococcal epterotoxin
Rat tef t han bei ng designed to exploit the bgpefits aSSOC|euEﬁﬂﬂ§$HﬁﬁﬂﬂﬁSBﬁEN
ot her bival ent conpl exes (e.g., higher nolecul ar weight; syhergi KEPIGACED

effects of b;ivalgreyhs! hse q&n&haxe&eamaodaswgmeﬁ w0ilamget shgeranti gens
to specific locatiqgns. The pggl |on

cess descri bed m
targeted super anPPIERS ¥PSaPEs B 3?%C6Htgrﬁ g a rgrgégﬁleurg%b
materials. The Cthbhmgo&famhetmm:gbmdyaandxthe ané kxnowledge of those

skilled in the art, such synthesis, pegylation and

5 testing can be performed without undue experimentation.
- It should be noted, that even-if the pegylation of a
i polypeptlde acts to reduce the biocisgical activity of a
) polypeptide to a certain extent, the improvement in the
pharmacokinetic performance of the polypeptide may
10 greatly increase the value of the native polypeptide in
various therapeutic applications.

Upon selection of target muteins, the preferred
method for the production of the muteins is by
recombinantly expressing the gene coding for the

15 mutein. Assuming that the gene coding for the native
polypeptide is known, the altered gene may be created
either by standard site specific mutagenesis procedures
on the native gene, or by the construction ¢of the
altered gene by standard gene synthesis procedures.

20 These technigues are well known to those of ordinary
skill in the art.

The gene coding for the target mutein may be

expressed in a variety of expression systems, including
animal, insect and bacterial systems. To the extent
25 that expression systems have been perfected for the
expression of the native polypeptides, the same systems
may -be used for the target muteins. In the preferred
embodiment of the present invention, the genes coding
- for the target muteins are produced by site specific
30 mutagenesis of the native gene, and the gene encoding

the mutein is expressed from a bacterial expression
system. The gene encoding native IL-1ra and a method

for expressing said gene in E. Coli is described in

% : detail in United Stateés Patent No. 5,075,222 of Hannum

35 et _al., issued December 24, 19921. The gene encoding
native 30kDa TNF Inhibitor and a method for expressing
said gene in E. Coli is described in detail in Unlted
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superanti gen was acconplished bY the use of N-succin- imdyl
3-(2-pyridyldithio) proprionate and a 24-atom |ong PEG based hydrophilic .

s §

space. - According to this prtcedure 7-'to 48cspacers were attaohgggtgggg@gSE =N
antibody unit and one or two |ysines on each of the super anti gens,V&r.g.: _
reacted. Dohl SttakesetPatient PRulicatiog Sﬁéitlﬁ.-'-Aé’aEbei‘acg?/ A, R/g$ .88 pg
.928|7 EOCt ober, 499 uiysiTg tYgh.Preeefune thevBUkgpbechtDonsi bbe to

i sol ate

incorporated herein by this reference.
. The muteins and pegylated materials of the .
5 present invention include allelic variations in the
' brotein seguence {sequence variations due to natural -
variability from individual to individual) and
substantially egquivalent proteins. "Substantially
equivalent,” as used throughout the specification and
io claims is defined to mean possessing a very high degree
of amino acid residve homclogy (See dgeneralliv, M.
Dayhoff, Aﬁ;és of Protein Seaguence and Structure, vol.
5, p. 124 (1972), National Biochemical Research
Foundation, Washington, D.C., specifically incorporated
15 herein by references) as well as possessing comparable
biological activitvy. Also included within the scope of
this invention are muteins and pegylated polypeptides
that are partiélly truncated versions of the native
polypeptide. -
= 20 In one preferred embodiment of the method of
the present invention when the target mutein is
produced via recombinant DNA technoleogy in a bacterial
expression system, the following steps are performed:
1) The gene coding for the target mutein is
25 created by site directed mutagenesis of the gene coding
for the native polypeptide:
2) The gene coding for the target mutein is
expressed in a bacterial expression system;

i 3) The target mutein is isolated from the .
30 bacteria and purified;
4) The target mutein is refolded in the

presence of cysteine or another sﬁlphydryl containing

compound ;
5) The refolded target ruteln is isolated and

35 purified:
6) The purified and refolded target mutein is

treated with a mild reducing agent;
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a sin_g:]l Qv %‘iﬂs‘iﬁ in order to optinze the product or processpepRogdf@ips Of
pr ot ei naceous na%erials havi ng significant applications for the trearnent

)f :;a wide variety of nedical indications are [err] Necrosis
itnhi bi tors and Interleukin-1 receptor antgganists (ll-lra).
have been shown to have 'beneficial effects in the treatment
I1-1 nediated di seases 7espemid wiac=idng ¥hee i cibiyzed Hat thave been
identified as be#ng ei ther TNE n?diq%ed or IL-1 nediated, are Adult
Respiratory Di stPEEES8yREr BEI®PaI fdRary Fibrosis, Rheumatoid

8) The dialyzed reacticn mixture is treated

with a long chain polymer containing an activating

5 group.

2 7 In the preferred embodiment for the production
of pegylated muteins of 30kDa TNF Izhibitor, the mild
reducing agent is dithiothreitol (¥2TT"). In an
alternate embodiment, the modification may occur prior

10 to the refolding of the expressed protein or mutein.

In the preferred embodiment of the present
invention, the pegylated muteins and pegylated native
polypeptides may be purified and formulated into
pharmaceutical compositions by conventional methods.

15 In an alternate embodiment, -the purified muteins may
also be formulated into pharmaceutical compositions.

The pegylated polypeptides of the present
invention formed by the reaction of a deactivated long
chain polymef unit have additional beneficial

20 properties. These "dumbbell shaped_molecules can
contain two of the polypeptides of interest attached by
a single polymer unit. This structure imposes 2 ‘
certain amount of linearity to the polymeric molecule
and reduces some of the steric hinderance inherent in

25 the use of large hydrophilic polymers such as
polyethylene glycol. The goal of obtaining molecules
with increased appérant molecuiar weight is achieved
while retaining high biolegical activity. Included
specifically within the scope of this invention are

30 - . bidentate molecules where two IL-lra molecules or two

’ TNF inhibitor molescules are covalently attached to a

single polymeric chain, or where two different
polypeptides are attached to a2 single polymeric chain,
i.e., a single bidentate molecule containing both a TNF

35 inhibitor and a IL-lra moiety.

Native IL-1lra (figure 1) and various muteins of
IL-1ra have been pegylated according toc the present

This Sheet Has Been Replaced

Print Time 23. Feb, 12:02

S TITHTE SHEET
 Received TimeUBSZ& Reb 11:42nEL..



Arthrti®o Spmb2@Mmat ory Bowel Disease and Septic Shock. CofRSFUUS§Z(92E22 ’

Pat ent Application Serial No. 555,274, filed July 19, 1990, specifically

i ncorporated herein by reference, describes a clasg of naturgh;_ﬁ(u_wwn'ggwﬁ*ﬁ

prot ei naceous TNF inhibitors_and a nethod'%?n' manuf acturing & sSubs ;ﬂtgégimsw ]

quantity of the sanme, with a figh_degree of . puWrity. 44 particutar, tHe SH

af orement i oned apyEREALlsn 3§§gr‘|a%égni ﬁfd{gf‘a I“‘f%\% SUbse sahfc)]':% Igl\ilb:

i nhi bitors ref esuapnydryd §ooDRsTNEYI hhfebmgbboéﬂdﬁméﬁ\lﬁn Meditor. In -

addition to theLilllenglh 40 %EQ?E%E4%HEE§§téﬁdi%éﬁﬁﬂib s taungRs ed,
0 e

yet bi ol ogi cally-active, forns _ 10, : - - .
) cysteine residue at position 116 of IL-1lra (cllé). The .

) -
Xl

5 other three cysteinés are not accessibie for pegylation
in the fully native molecule. - To attach mPEG molecules -
at different sites of IL-lra ané tc make mPEG
conjugates having more than one mPEG, IL~1lra in which
native amino acids in IL-lra were replaced with a

10 cysteine, or additional cysteines are added at the
amino-terminus of the protein. To prepare conjugates
in which residue 116 is not pegylated ¢l116 has been
changed to a serine in a number of the muteins. BeloWw
is a list of the muteins that have been generated for

15 reaction with mPEG (the residue numbering is based on
the sequence given in Figure 1; c referring to cysteine
and s referring to serine):

; c0s11é cOcllé
| c845116 c84c116
I 20 | cés116 c6cl16
c8sllé c8¢clls
¢9sl1ls c9clls
cl41s1l6 cl41cllé
Native 30kDa TNF inhibitor (figure 2) doces not
25 contain any free cysteine residues. The following

muteins of 30kbDa TNF inhibitor have been prepared (the
residue numbering is based on the sequence given in .
Figure 2; ¢ referring to cysteine):
€105 30kDa TNF inhibitor
30 ¢l 30kDa TNF inhibitor
cl4 30kDa TNF inhibitor
cl1ll 30kDa TNF inhibitor
cl6l 30kDa TNF inhibitor
Included within the scope of this invention is
35 an entire class of compounds, as depicted in Figure 19,
that can be represented by the formula R,~X-R, wherein
R, and R, are biologically active groups and at least
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TTF |nh|b|tor ve al so been prod&ced. These proteins, in | ' 53
Bh6A S o ac HexrUsipeEts

carboxyl

anm no aci ds have been renoved fromthe fu

pretein, are referred to respectively as 40 kDa TNF i nhi bi tor.ferr] 5l .and
40 KDa TNF inhibitor [err]53. Copending W$. patent applicgt T SSEET AASNGEN

07/ 506, 522,

r ef erence,

pr ot ei naceous

filed April 6, 1990, specifically incorporated [herei REBWACED

desgrib PLASCR! 6Lk G raawr@:wmqwrlﬂw»-
%F‘Ielgl%n b%ntqor{s2 and "a rs{e%ték:li{)tdl _rranuf actural Qg a gugzstantlal

quantity of th@%’-\fatﬂ? MRTHT FEFEE OF parity. <P

10

15

20
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35

may be the same group or dlfFeren-. ﬁhere R. and R,
are different groups, both R, ané X; may bg
polypeptidic; or R; may be polypep-idic and R, may be
any biologidally active group.. The <I3pounds having
this structure, which have been refe-red to as
vdumbbell" compounds, are characterized by being
substantially purified. "Substantially purified” in
this context is defined as being 2 Icmogenous
composifion.

A homogenous composition consists of one
molecule of the linker X and one molecule of R, and one
molecule of R,. A homogenous composition includes, but
does not require, that the biologically active groups
R, and R, be attached to the linker at the exact same
location on the groups in each molecule of the
compound.' In certain embodiments of the invention, the
biologically active groups are attached site
specifically to the linker. TFor example, in the
compound ¢105 30kDa TNF inhibitor PEGgdb, two cl05
30kDa TNF inhibitor groups are attached at tThe 105
cysteine residue to the PEGy,, linker.

When referring to a "homogenous composition® it
is to be understood that on a molecule-by-molecule
basis, the dumbbell compound is also not necessarily
homogenous with respect to the exact length'of the
spacer group. It is understood by those skilled in the
art that any production process that utilizes a given
weight range of PEG or other higher molecular weight
polymer begins with a solution that contains an
naverage" molecular weight. Therefore, when a bis-
reactive PEG unit is reacted with a polypeptidic group,
the PEG unit is by definition polydisperse, and the
resultant dumbbell compound is heterogenous to the
extent that the length of the linker is subject to the
varlatlon known to exist by those skilled in the art.
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part i cov@r92/%638! appl i cati on describes in detail three suchSin 59 gzullglzn I -

i nhi:bitors which are interleukin-1 receptor antagonists (IL- Ira s).,..nhanel y,-,%

IL-1raa, IL- Iraferr], and Il-Irax. Two_gdditional classes ‘of n‘aztﬂtru'“&l 'E SEEN’

that are potentially useful for the treatnment of a variety of nedEeadCiD

I ndi cations ar n KiQ i Dk ot er RS L
Potential inhi gf‘ Shg‘kg?% nt:;sa'ra %‘ﬁ £2 T C:I?tﬂde inter) e_llr}-ﬁﬁ-'Lr]51 refcrdpt ors, the

extracel | ul ar pefersntof m‘ﬁﬁf‘-ﬁ-#éﬁkﬁﬁa? R pRF@ncIally free
compounds: 1) that deviate in the comgposition of R; or

R,i or 2) that are linked together by more than one

5 linker X.
© R, and R, are defined as being biologically -
active groups. Biologically active groups include any

compound that can induce a biological effect on
interact with a natural biological molecule.

10 Biologically active groups include proteins,

P polypeptides, steroids, carbohydrates, organic species

! such as heparin, metal containing agents, vitamins, or

any other bmlog:.ca y active species. At least one of
the groups R, and R, is polypeptidic. In the preferred
15 embodiment, both R, and R, are polypeptidic.
Polypeptidic is defined as any compound that is
substantially proteinaceous in nature. However, a
polypeptidic group may contain some non-peptidic
elements. For example, glycosylated polypeptides or
20 synthetically modifieg proteins are included within the

definitione
The biologically active groups R, and R, include
binding grouﬁs and targeting groups. Binding groups
are defined by their affiniﬁy for a given biological
25 ligand. Targeting groups are defined by their ability
to direct the location of a complex within a biological

ligand, in which case the dumbbell may have enhanced
affinity to that ligand. R, and R, may have an

30 affinity for different ligands, wherein R, serves to
.target the complex into a location where the ligand for
R, predominates. . |

Preferred polypeptidic groups are receptors,

the extracellular portions of receptors, cell surface

35 molecules, and éxtracéllular matrix molecuiles, binding
proteins, and receptor antagonists. Included among the

polypeptidic groups that may be used as R, or R, are

is Sheet Has Been Replaced
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mterlgglg i rleceptor ant agoni sts, antibodies that recogpeFAISz/02122
interl and fragments of any of such species that contain the I L-2

bi ndi ng function. Potential inhibitors of the conpl ement sygfi
receptor CR1, the extracellular portionzet CRL, and the fra
that contains the conpl ement binding function. Interleukin- g a1wa
be;an 1(:jesNgrl Zgﬁearﬂ?g!mﬂm@ paliypeips iidesl ammranu'a\zecgaentdl"w@gfd in US.
pat en 5 0 l_. a ts 5 65 or Honjo
et al. The gg‘ng‘ érr?coeé’mt%[?a taeqtoengkl - %P(elaéaegt“gfpg%anﬁgfﬁods ?:Dra its :
reconbi nant TNF 1nh1b1tor I1-2 receptor, CRI (all references to

‘cR1 include any single or combination of consensus

5 repeat sequences of CRl), PDGF receptor, IL-2, MCSF
receptor, EGF receptor, IL-5 receptcr, IL-3 receptor,
GMCSF receptor, T-cell receptor, HLA-I, ELA-II, NGF
receptor, IgG ('V", v}, CD4¢, €Dh27, Ii~5 Teceptor,
Integrins CR3, VLA, ICAM, and VCAM, CR2, GMP1l40 Lec
10 domain, Laminin binding protein, Tzaminin fragments,
Mannose binding protein, exon 6 pestide of PDGF, and
proteases (withlé catalytic domains or a target domain
and a catalytic domain). Aall references to receptors
includes all forms of the receptor whenever more than a
15 single form exists. In the preferred embodiments, the
groups R; and ﬁz are selected from the group consisting
of TIL-1 receptor antagonist, 30kDa TNF inhibitor, CRI1,
and IL-2 receptor (both the ¢ and 8 chains).
In a preferred embodiment, the non-peptidic
20 polymeric spacer X may ke further defined as follows:
=1
of activating groups that react with R, and R, to 1link
the spacer to the groups R, and R,, and (2)  represents
the base polymeric group. According to the present
25 invention n is greater than 6 and preferably is greater
* than 10.
Non-peptidic is defiped as a polymeric group

X = =¥,~(2),-Y,~, wherein Y and Y, represent the residue

that is substantially .not. peptidic in nature. The
- inclusion of less than 50% by weight of a—amino acid
30 residue as part of ¥,, ¥, and 2 would be considered

substantially non-peptidic in nature and would be
considered non-peptidic. In the preferred embodiment,
the non-peptidic spacer X is non-immunogenic, and
biologically inert and hydrophilic. 1In addition, the
35 preferred linkers are capable of conveying desirable
properties to the bioclogically active polypeptidic
groups -~ such as reduced immuncgencity, increased
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product | MO9{A281 so been di scl osed. European Patent Appli REFLSTR 02122
89104023. 0 of Taniguchi et al.; European Patent Application No. 90104246.6
of TFaniguchi et al. See also, Honjo et al ._zgNature vol. 311 —pg.—-631——?y
(1984); Taniguchi et al., Science vol. 244, pg. 551 (1989Y.THKY S GAHBEEN |
assumed that to S8HEREX L 0" bpersghsbk ecEadFaned it Slmithe o |
interl eukin-2 receptor witf act as an inhibjtor to t .actioq%of the

cyt oki ne i nter| eHRithont FREBMHEAGRIRLY FeARRERGihG S 1Hh A& ST
cyt oki nes, knOV\ﬂP.Sroo:@'Iayg@'onbvﬂbalitéotﬁgéﬂdt heIanthgenespamréfervednal

profiferation of embodiments, the compound R;-X-R, (wherein R,=R, and R,

5 and R, are binding groups) has an affinity for its
ligand that exceeds the affinity that the non-
derivitized binding group has to the ligand. For
example, sub-stantially purified ¢105 30kDa TNF
inhibitor PEGydb has an inhibitor activity for TNF

10 that is greater than 20 times the inhibitor activity
that cl05 30kDa TNF inhibitor has for TNF.

The activating groups ¥, and Y, that are part of

the polymeric spacer X may be comprised oi any of the
activating groups as discussed above, including the
15 maleimide group, sulfhydryl group, thiol, triflate,
tresylate, aziridine, oxirane, and 5-pyridyl. The
preferred activating groups are maleimides.
The polymeric gfoup (z), is preferably selected
from the group consisting of polyethylene glycol,

s 20 poiypropylene glycol, polyoxyethylated glycerol,
dextran, poly B-amino acids, colonic acids or other
carbohydrate polymers and polymers of biotin
derivatives. In the preferred embodiments, the
polymeric'group is polyethylene glycol. Any non-

25 peptidic polymeric group that would serve the functioens
as described herein would also be included within the
scope of this invention.

One of the advantages ¢f the present invention
is the ability to vary the distance between the groups

30 R, and R, by varying the length of the polymeric group
linking the two binding groups. Aalthough not limited
by theory, it is proposed that the increase in
biological activity seen for the nultimeric compounds
of this invention may be attributed to the multimeric

35 nature of the cell~receptors and ligands in_vive. For
this reason, the optimal distance between the units R,
and R, (which would be generally directly proportional
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S conposed

to the length of the oolymer;c unit {(Z),) may be easily
determined by one skilled in the a=T by varying the

size of the spacer X.
In one embodiment of the present invention, the

groups R, and R, are the same. Howaver, in an

alternate embodiment R, and R, -are different species.
Suéh compounds can be desighed to create a heterodimer
wherein both R, and R, act within the same general
biological systems. For example, both IL-1 receptor
antagonist and TNF inhibitors are believed to disrupt
the inflammation cascade. The difunctional complexes
may also be designed where R, or R, is a "targeting"
species that "directs" the complex to a specific
location by its binding affinity to a certain
substrate, and the opposing binding group has a desired
activity at the localized site.

An example of a heterodimer that has great
potential for being a successful IL-2 inhibitor is ome
where R, is IL-2re and R, is IL-2rf. Such a
heterodimer minics the receptor complex that has the
highest affinity for iIL-2. See Exampie XVII. 2An
additional heterodimer that can act as a complement
inhibitor is the heterodimer where R, is the C3b
binding domain fzom CR1l and R, is the C4b kinding
domain from CR1. See Example XVIII. In an additional
heterodimer R, is the exdn 6 peptide of PDGF and R, is
IL-1ra. See Example XIX.

In the preferred embodiment of the inventien,
the procedures for producing the bifuncticnal R;—X-R;
complexes are essentially the same as those used for
the site-selective reaction of polypeptides as
described above. The synthesis of cl105 30kba TNF
inhibitor PEGyq.db is described below in Example 13. A
bis-reactive polymeric group is reacted with a
cysteine~containing polypeptide, wherein the activating
group on the bis-reactive polymeric group forms a thio-
ether bond with the selected free cysteine residue. As
described above, the cysteine may be a Ifree cysteine
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of the present invention is a-(2-zaleixido}u-maleimido
poly(oxyethylene) or bis-maleimide P=&G. The synthesis
of bis-maleimido PEG is described ir Example 12.
According to the preferred method, the bis-maleimido
compound 1s prepared from bis-hydroxyl PEG via the bis-
amino intermediate.

Several methods for the conversion of the
terminal hydroxyls of PEG to the corresponding amino
group have been reviewed by Harris et al., J. Polvmer

. Sci. vol. 22, pg. 341 (1984); Harris, Rev. Macromol.

Chem. vol. c25(3), pg. 325 (1985). This is
accomplished by generating a reactive intermediate via
either sulfonation, halogenation, or oxidation of the
hydroxyl followed by displacement of the activated
termini by a nucleophile.

Other practical alternatives to the synthesis
of the bis-maleimide PEG given in Example 12 also
exist. The reactive intermediate in the conversion of
the hydroxyl to the amine may be the halogenated
derivative (e.g. the a-(bromoethyl)-b~
bromopoly (oxyethylene) intermediate (Johannson,
Biochim.'et Biophv. vol. 222, pg. 331 (1970)) followed
by direct substitution with ammonia, (Buckmann et al.,
Makromol. Chem. vol. 182, pg. 1379 (1981)) or the
aldehyde intermediate (Harris, supra.) The bis-
maleimide PEG is not the only sulfhydryl-specific
reagent that may be used. Glass and coworkers have
developed another method for the attachment of PEG to

sulfhydryls. Glass et al., J._ Biovolvmers vol. 18, pg.
383 (1979). However, the reaction is reversible with
thiols. Another method for attachment of PEG to
cysteinyl sulhydryls is the bis-4-vinylpyridine PEG

derivative.
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extracel u ar dona has a nnlecular wei ght of 693 The
nol*ecwH e cont ai ns 8 4 N-Iinked gl ycosyl ati on gttes PN
di sul fi de bonding | IS unkngyn. IL-2r[err] ha'q¥g§§§$%?$aﬁ '

domai n of 286 am no aC|ds The di sassoci ation constants (Kdbs)-f
2 receptors have been glgtelsn raTﬁ%/lﬁdS eu-i_g,‘oj_ég e ef @’yﬂﬂha’?gﬁs dd[err] for

Lol b of | L gAparE b Saebarpphiad] BeBtkoE FREPER bl SHat BaRTER, O °
t he formati on usetiheshirghgahtisnitbynodiplyeprosefins nedTher veagents- 2
include chlorocarbonates, isocyanate, epoxide,

5 succinimidyl succinate, cyanuric ¢hicride, mixed
anhydride, carbodiimides and sulfomates. The latter
group includes tresylate, tosylate, and mesylates.
Some of the reagenis react selectivaly with amines
(e.g., cyanuric chloride and carbediimides) while

10 others react with both sulhydryls and arines (e.q.,
epoxide and tresylates). Some of these reagents have
been used to moedify proteins and may result in varying
~degrees in loss of activity. |

The preferred preparation of R;-X-R, complexes

15 where R, and R, are different requires a two step
process where the bis-reactive polymeric group is
reacted in series with R, and then R,. The preparatibn
of such heterodimers may be accomplished by those of
ordinary skill in the art without undue

20 experimentation. 1In some cases the intermediate R -X
must first be isolated and purified prior to reaction
with R,, and in other circumstances an intermediate
purification may not be nécessary.

The extracellular domains of both IL-2rc and

25 IL-2rf may be cloned using PCR and cloned into a vector
capable of directing expression in E. coli. The
proteins may be refolded and purified from E. c¢oli and
their ability to inhibit IL-2 activity measured in

- - bioassays. In vitro mutagenesis can be used to

30 substitute native residues in the molecules with
cysteine_to.allow for site directed attachment of PEG.
Muteins of both IL-2re and IL-2rf may then be
identified that allow for efficient attachment of PEG
which do mnot lose activity when PEGylated. A PEG~

35 linked heterodimer may be formed by first PEGylating
ILl-2ra in the presence of an excess of bis-maleimido
PEG. The singly PEGylated IL-2ra mey be purified and
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bi ndi ng e d2a8zdterr] and then to IL-2r[err]. Ogura et al. ,PWUSEB{%I.BNM,-

vol. 5, pg. 123 (1988). An inhibitor of IL-2 may be valuable in the
prevention of transplant rejection as well as autoi nmune dj sorders~7-
a nonocl onal anti body agai nst “B=2ra that preve t&5

Currentdy,

g Wit

TF fnd#r}ej' [

is being tested_in human renal transpl ant atlon H esse et al J_a“ﬁE:éée

Medi ocl e vol .

10

135

25

335

28L-gg8 28483 (Heorgect|iEh t he petive maleinidd grol
and form the heterodimer. This molecule may be

purified and its activity assessed. This molecule
should mimic the high affinity Ii-2 receptor found on
cell surfaces. |

A dumbbell complex where R, is IL-2 and R, is
IL-2rf8 should also be useful as 2 receptor antagonist
of IL-2.
BYXMPLE I. SYNTHESIS OF POLYETHYLENE GLYCOLATING
AGENTS

Three reagents are described to indicate the
diverse means that may be used to derivatize
polypeptides. See, Appendix to Example 1, for
structures of Intermediates and reagents described
‘below. Al)l references provided below are specifically
incorporated herein by this reference.

A. SYNTHESIS OF REAGENT 1: wPEG ~ESTER-
MALEIMIDE

The succinate ester derivative of the mPEG,
(intermediate 1) was prepared as descfibed by Wie et
al. Int. Archs. Allergy 3pp. Immun., vol. 64, pp. 84-99
(1981). The resulting product was weighed out and
dissolved in a minimum of dry dioxane at 60°C. After
the solution had cooled to ambient temperature, .
equimolar amounts of both tri-n-butylamine and isobutyl
chloroforﬁate were added. The reaction proceeded -
thirty minutes with stirring. During this time, a
borate buffer, pH 8.8, was made by titrating a solution -
of 0.5 M boric acid with 1,é6-hexanediamine. The
solution containing the mixed anhydride was added
dropwise to an aliquat of the borate buffer containing .
a 10~fold molar excess of 1,6-hexanediamine over the
mixed anhydride. The reaction mixture was exhaustively .
dialyzed versus deionized water at 4°C and lyophilized.
This polymer intermediate (intermediate 2) was reacted
with a 2.5:1 molar excess of sulfosuccinimidyl 4-(N-
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study of 15 g/até#&gnts the antibody, in conbination. with, pcr/Us92/02122
|nnunosuﬁﬁp has been shown to be as effective in prexenting

altograft rejection as a control group getting higher doses [ofHIS SHEET HAS BEgN
|nnunosuporessants Hi gh | evel s of circul atygig sol ubl e 1L-2r{c haveehegmn
detected in a nunber of diseases, sone infections, as well as
transpl antation ﬂ@ﬁeiﬁiSQEtﬁ?l ) Tav&mugg&sés j +ea/ﬂimemte of{swlfa-smcchese
di seases. CRl is_a protein a

refer as_th b ecep . 1S
present on eryt FbR§FE8sC ﬁﬂlﬁagaFPetyﬁ k%?ﬁ%r téT1 f %é.m%.dgspeC|flcally
bi nds C3b, C4b, piesp¥3be 6RIHERESabsbfenhi biit7tde fPastvedhours at

- room temperature. The resulting solymer was purified
5 . by size exclusion chromatograpny cf the reaction
mixture on Sephadex G-25 using 30 =¥ sodium phosphate
(or HEPES) pH 7.0 for elution at 4°C. The maleimido-
polymer (reagent 1) eluted at the void volume of the
column and was detected by monitoring its absorbance at
10 260 nanometers. The reagent was used to alkylate
polypeptides within one hour of its purification.

Since the mPEG from this reaction can be removed by

base hydrolysis, this reagent is useful for identifying
the site of WPEG attachmant to the protein.

15

B. SYNTHESIS OF REAGENT 2: mPEG;-AMIDE
MALEIMIDE
The mMPEG_-tosylate (intermediate 3) was prepared
' ) as described by Pillai et al. J; Org. Chem. Vvol. 435,

20 PP. 5364-5370 (1980). The amount of sulfonated
intermediate was estimated spectrophotometrically as
described by Nilson and Mosbach, in Methods of
Enzymoloqy, vol. 104, pp. 56-69, Academic Pres. Inc.,
N.Y., N.Y¥Y. (1984). ;This intermediate was converted to

i 25 the phthalimide derivative (intermediate 4) and

L subsequently reduced with hydrazine hydrate to the
WPEG_-NH, intermediate (intermediate 5) by the
procedure of Pillai gt al., supra. The aminoc group

capacity in equivalents per gram of product was
30 gquantified by microtitration with hydrochleric acid.
- The mPEG,-NH, was reactad with sulfo-SMCC in HEPES or
phosphate buffer pH 7.2 at room temperature for two
hours. The amounf_cf the mPEq;amine to sulfo-SMCC was
tested at molar ratios of 5:1 to 1:5.
35 To determine the optimal conditions the final
; reagent (reagent 2) was used in pegylation reactions
f and the quantity and guality of mPEG, *IL—lra (we w1ll
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and al t aypabeiepat hway C3/ C5 convertases and act as a cof acPER/¥SIVH22

cl eavage of C3b and C4b by factor 1. Fearon et al Proc Nat I —Aead—~Sep~-
USA* vol. 75, pg. 5867 (1979). CRLl is a glycoprotein conposed b ETSER Veﬁ el
pol ypeptide chain, and there are four aIT%Ryplc forms. It is knownFRALE
contains repetitive codi ng sequences, th s fact .is uaed to_ eiglaln the

exi stence of mWsg pPrels 9 19%W‘8Esr nPEEY AR TeRoREPRRER: G0ttt ™2, pg.
44. (Abst.) (1983a ddwctdrivitdhekagepitegsiead abPZERE.-araerfdmhocytes has been -

associated with, Sy ANE 1EU04% P aMRLARNIoANH: ERT-BUGRAE Bas also been

found to correl®5t . ;
described below) obtained from these reactions was : -

5 assessed by SDS-polyacrylamide gel eisctrophoresis
(PAGE). The optimal result was seen with a2 1:1 ratio
of SMCC %o mPEG;%u%. Higher pronorglons of sulfo-SMCC
generated multiple higher molecular welght derivatives
cf IL-lra on SDS-PAGE and multiple peaks on analytical

10 ion exchange chromatography and lower propertions
resulted in a reduced yield of pegylated proctein.
Reagent 2 was purified by size exclusion-chromatography
using G25 sephadex resin.

=

i

i
-t

18 ' C. SYNTHESIS OF REAGENT 3: mPEG -MALEIMIDE
The WPEG,-NH, (intermediate 5) can be modified

further to yield a different maleimido-derivative
(reagent 3). The latter was accomplished by reacting
the mPEG,-NH, with maleic anhydride via an adaptation

20 of the procedure of Butler and Hartley, in Methods of
Enzymolodgy, vol. XXV pp. 191-199, Academic Press. Inc.,
N.Y., N.Y. (1972) and cyclizing this intermediate
(intermediate 6) to the corresponding 0-—(2-maleimido
ethyl)-0/-methylpolyethylene glycol using the method

25 - described by Wunsch et al., Biol. Chem. Hopve-Sevier,
vol. 366, pp. 53-61 (1985).

APPENDIX TO EXAMPLE I
SYNTHESIS OF REAGENT 1 -

30 Structures of starting material, intermediates and

reagent from syntheéis 1.

Starting material:

Generalized formula for monomethoxypolyethylene glycol

(mPEGX) : -
35

CH;0- (CH,CH,0) ,-H
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mverseé,yﬂm{%aiprum | evel of imune conpl exes. The CR1 prqt@/msgtzmlﬂ?l
gene an for the production of CR1 are described in WO 91/ 05047 and
wo*89£09220 of Fearon et al. As described above, dineric spegies—conta-ni-ng
CR1 and portions of an antibody have al sez3peen di scl osed. gﬁﬂﬂ@ﬂgﬁ'%$SBFk\
Rebel | et al. SUMARY OF THE | NYENTION This invention relates{to_a RELAGDP

for modifying pelateend iddamtadd dhze afesilhlel Bgleedibedefighgpeft ithes. This

i nvention includ s substa ti.a ur|f| d CQTPQ nd L t
ormul & R err] B bt R A 24003, CoURL! 3etal Wi

repeatlng oxythylene groups.

- Intermediate 1:
CH3G— (CHZCHZO) e (CHZCH2) —0—C—CH2CH2COOEE
Intermediate 2:
; _ @
20 CH;0— (CH,CH,0) .,—{CH,CH,} ~0-C-CH,CH,-C-NH- (CH,)  NH,

Reagent 1:
o 2
CH;0- (CH,CH,0) ;= (CH,CH,) ~0~E~CH,CH,~C~NH~- (CH, ) (~NH-C-__>—
15
~CH2-N

SYNTHESIS OF REAGENT 2
Structures of starting material, intermediates and
20 reagent from synthesis 2.
Starting material:
Generalized formula for monomethoxypolyethylene glyccl
(mPEGX) : )
CH, 0~ (CH,CH,0) ~H
25
where x denotes the average molecular weight of the
polymer in kilodaltons and n is the average number of
repeating oxyethylene groups.
Intermediate 3:

CH,0 (CH,CH,0) ., (CH,CH,) —o-ls‘-n@)—czi3
o

Intermediate 4:

30

35 CH,0- (CH,CH,0) .,~ (CH,CH,) —N

Intermediate 5 (wPEGX-NH,): This Sheet Has Been Replac

L I
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" 1]
-13 - aW® R/¥221pbi ol ogically active groups and X is a non-P(r.)réb‘tSP%{io%uz
pol ymeriic spacer. R[err] and Rlerr] may be the sane or different groups,
and, at | east one of the Rlerr] and R err]sg.s pol ypeptidic. rn~ghgf;reﬁerreq“§
esnbodi nents, Rerr] and are sel ected fromthe group cc sastl‘h’g ko) ' !

interleukin-| rgcep n Agany 3 tunor necrosis factor—i-RRLBIEor——
I nterl eukin-2 ?etcgp{%?lcgﬁ%? @gﬁgz i'$ sel ected fromthe group consisting

of pol yet hyl ene
Reagent 2:

- -ﬁ. an = o ’B}I
5 CH,0~ (CH,CH,0) ,_,~ (CH,CH,) -NH \/> -cxH,

SYNTHESIS OF REAGENT 3
structures'of?startinghmaterial, intermediates and

reagent from synthesis 3.
10 Starting material:
Intermediate 5 (mMPEG_~-NH2):

CH, 0= (CH,CH,0) ..~ (CH,CH,) -NH,

1s Intermediate '

I CH;0- (CH,CH,0) = (CE,CH,) -NH-E—CH=CH-COOH

Reagent 3:

L |
20 .
0- (z-malelmldoethy?)-0’-methy1 polyethylene glycol
CH;0— (CH,CH,0) _,~ (CH,CH,) -N
23 EXAMPLE IX. PREPARATION OF PEGYLATED NATIVE ITT—2

Various parameters were tested in optimizing

the pegylation reaction of native IL-1ra with A

successful pegylation assayed by visual inspection for

a single tight band at 29 kilcdaltons on Coomassie .
30 stained SDS-PAGE and a single sharp peak by analytical

ion exchange chroﬁEtoqraphy. Unless otherwise stated,
; pegylation reactions were done at 1 ng/ml of native IL-

ira at room temperature in HEPES buffer pH 7.2 with a

mPEG reagent to IL-1lra ratio of 2:1. The reagent used
35 in these studies was mPEG-amido-maleimide (Reagent 2)

and the product is referred to as mPEG *IL-1lra but the

results are applicable to all three reagents.

This Sheet Has Been Replaced
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gl ycof W@'Wﬁi hm@ggcgtfggyéggk% gdextran, col onic acids, ﬂ@lylspé!m]llbm no

aci ds and carbohydr so |ncluded are pharnaceutlcal
cofposi tions conpri sﬂlﬁ %'
pharnmaceutical |y acc

stantlally purified conpounds in a

Furs®er included are WSSEE HAS BEEN |
treating patients in need thereof mnth such pharmaceuti cal onposu@LQ@ﬁ) l
The conpounds of the f3rnuildMR err]-X-Rerr], as depicted i rgure——9—are
referred to as "dunbbeblLgy 1th15§ 4-@3@*%:9@ 2 SPodACL aidlesr A wRs hodr&or the
preparation of substantla ]%(furl her apeuti cal | valu%b%g cg&Pounds
conprised of tR&3f 4> X"R[ér ppurs.  Csaversion o

ira to the pegylatec form is complete (80%-90%) in two
5 to four hours and the total amount of aPEG*IL-1lra does
not increase or decrease aiter.longer deriocds of
incubation. The guality of the mPEZG*IL~-lra assayed by
SDS-PAGE decreases at longer times due to the
appearance of additional bands and smears at higher
10 molecular weights on the stained gel.

B, TEMPERATURE
Pegylation reactions were incubated at
temperatures of 4°, 25°, 37°, and 50°C and then analyzed
15 at time points of 0.5, 1, 2, 4 and 17 hours. The
reactions at 25° and 37° generated a large amount
(about 50%-80%) of pegylated protein within one to two
hours but those at 4°C and 50°C resulted in 2 much
lower yield (10%-20%) even at the later time points.
20 The guality of the mPEG*IL~lra does not seem to change
significantlx_with'teméerature. '

C. PROTEIN CONCENTRATION
Pegylation reactions have been done with
25 protein concentrations (native IL-1lra) between 30 ug/ml
and 10 mg/ml. All of the concentrations tested worked
well and there was no difference in the quality of the
MPEG*IL~1lra.

30 D. PpH K
Native IL-lra was pegylated under the reaction
conditions stated above between pH 5.5 and 7.5. The
quality of the mPEG*IL-1ra is slightly better by SDS—
PAGE and ion"exchaggé'at a lower pH (5.5) but the
35 percent conversion is the same.

E. nPEG-AMIDO-MALEIMIDE TO NATIVE IL-1ra RATZIO
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conpriwogp/I62et i ng a non-peptidic polyneric group havi n&’coﬁm%%{’s??l%zv\o
reactive groups capable of form ng covalent bonds with the bjologically
active group R, and isolating said congp%ﬁp. In an al ternatei entsodigmntas prsn |
thi's i nvention includes a nethod for théY%reparation of subst ant i akEbyaczn o
purifidd therapeutically val uabl e .conp eGAMRr ESedegf Hphe fernula
Rlerr]-X-Rerr], VWKH%ﬁrF?ﬁQﬁéH‘%ﬁﬂ?%Rf&;ggidﬁffgpéﬁfT Egn%ri§ed of :

reacti ng a noghpepbid-amidbymeicinjdeupe capaive -1 n MpERAl ent bonds -
when reacted with th oLagi,eabl Lhye Pk g REAind denJfdich aapl ex
Rlerr]-X; rea%%ﬁﬁ&rbg%% e?ggkgr? ¥X?§Ath the biologically active .
the pegylated form o©f IL-lra‘(SO%‘BO%)- Ratios greater -

5 than 5:1, however, generate lower guality mPEG=*IL-lra
by increasing the amount of extra high molecular weight T
pands on reduced SDS—PAGE and multiple peaks on ion
exchange chromatography.

The optimal reaction conditions for both
10 quantity of mPEG*IL-lra obtained and quality of the
; material, within the parameters used, is a 2:1 mPEG-
amido-maleimide/IL~-1ra at 25°C for 2-4 hours using
mPEG-amido-maleimide generated with a 1l:1 ratic of
Sulfo-SMCC to mPEG-amine. With these conditions 80-90%
15 of the IL-1lra is converted to the pegylated form using

reagent synthesized with either mPEGy,,, or mPEG, 23S
i the starting material (Figure 3). '

F. PREPARATION OF IL~-lra PEG DUMBBELLS
20 PEG dumbbell complexes containing IL-lra are

made accordind to the same procedures as other
PEGylated IL-1ra species. A 2-4 molar excess of bis-
maleimido PEG to IL-1lra in HEPES buffer at 7.0 is used.
With IL-lra, the species used may be the wild type
25 molecule, which has a free and available cysteine
residue, or a mutein prepared as described herein. The
IL-1ra is at a concentration of 2-35 mg/ml. The : .
reaction is incubated at ambient temperatures for 4 To
6 hours. The IL-lra PEG dumbbell compounds are . L
30 purified from the unPEGylated and singly PEGylated
species by MonoS cation exchange at pH5.5 in 20-50mM
MES buffer using a gradient from 0 to 1000 mM NacCl. .
Further purification‘may be achieved by size exclusicn
. chromatography using a BioRad TSK 250 or Superdex 75

35 column, as described below.

EXAMPLE ITI. PURIFICATION OF PEGYLATED NATIVE TL-1ra
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group %?ﬂ/lk@llf ormsaid corrpound and i sol ating and puri fammysgmam
conpound. I n one enbodinent, this invention relates to the si %
pedyl ati on of TNF inhibitor and IL-1 inhibitor proteins- I ordﬂf

"THAS BEEN
‘:J

mai ntai n site-specifity of pegylation, pédylating reagents ar sc!ecfv

that will react al nost exclu5|vely with the_free -SH grou S, of cgsgelne

resi dues of the polyp@&yEiidésatiere pAnpPECefIa-i72 <27 D& Schieve
cation exchange or size exclusicn czrematography.

These procedures are applicable tc segylated IL-lra

derived from all three reagents described above.

A. CATION EXCHANGE CHROMATOGRAPIY

The mPEG *IL-lra ¢an be purifie€ using a MonoS
(Pharmacia) column with 20mM MES buffer at pH 5.5. The
proteins were eluted from the column using a salt

10 gradient from O to 500mM NaCl in the same buffer. For

example, unmodified IL-lra elutes at 220mM NacCl, while
the purity is.assesséd by various techniques including
analytical ion exchange chromatography and SDS-PAGE.
MPEGgs, IL-ra elutes a2t 160mM (Figure 4).

15
B. SIZE EXCLUSION CHROMATOGRAPHY
The mPEGmmﬁIL—lra, which runs as about 52 kd,
and mPEGg,,*IL-1ra, which runs as about 68 kd (based on
‘ ' coiumn calibration with known size standards), can
20 easzly be separated from unmodified IL-1lra (17 xd) by

size exclusion chromatography on a Superdex 75
(Pharmacia) column with standard chromatographic
techniques (Figure 5).

25 BEXAMPLE JV: CHARACTERIZATION OF THE mPEG *IL-1ra
Purified mPEG,*IL-lrz gave a single symmetrical

pPeak upon rechromatography on MonoS and appeared pure
by both SDS-PAGE and size exclusion chromatography
(Figure 3 and 4). A comparison of the tryptic maps of

30 IL-lra and RMPEGgy, *IL-1ra showed one peak,
corresponding to the peptide céhtaining cll6é and cl22,
absent from the'conjugate map with the appearance of a
new broad peak in this map. Subdigestion of this new
peak with chymotrypsin and subseguent amino acid

35 sequence analysis indicated that cl116é had been
pegylated under the conditions employed (Figure 6).

sssrruresieer |DITIN
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pegyl atwomr‘ﬁa@bnt that coval ently binds al nost excl usi veWr{%s%'ﬁoz

gr oups "of cysteine is 0-(2- nmaleimdo ethyl)-0O nethlypolyethyLene—gryCok\
Sit,e specific pegylation nmay be done at ither nat ur al | y ‘ogeeryiEing ' free" |
cysteine residues of a given polypeptlde or at free cvstelnes\cﬁﬁfalned"ﬁh

Tut ei ns of the na%ggg I ﬁﬂggﬁﬁhﬂﬁuﬁPE%P%&Lhdﬁsvugﬁﬁkg'”es ey ‘ei t her be
added to or i T0- acr o sequence of the naturally
occurring pol ypepti deMud.tlagsuBstlstUcedpa%b#om%rc'arﬁwle%lﬁfﬁaéﬂ%es at

sel ected |ocatyonse 4 OAC AIDOY Walle &f1ohaks ihaveahboBactleiophage

M13. BioRad’s Mutagene kit was used which uses the
5 procedure described by Kunkel et al. Methods in

Enzymelogy vol. 154, pp. 367-382 (1987) . Briefly,
single stranded DNA template was generated using an E.
coli strain that contains the dut and ung mutations,

resulting in template that contains uracil instead of
10 thymidine. Mutagenic oligonucleotides between 20 and
30 base pairs in length were annealed to the template
| ' and the second strand was resynthesized using DNa
polymerase and DNA ligase. The reaction mixtures were
used to transform a wild type £. coli strain in which
15 " the uracil containing strand is degraded by the DNA
repair mechanisms and the mutant strand is allowed to
replicate. The mutant phage were screened and
sequenced by standard techniques. The fragment
containing the mutant gene was then subcloned into the
* 20 expression vector pTST (Eisenberg gt al. Nature vol.
343, pp- 341-346, (198%9)) and transformed into the T7
expression system strain (E. coli B121DE3). Other E.

coli expression systems may a2lso be used.
Expression clones were grown in Iuria Broth
| 25 supplemented with 1Sug/ml tetracycline at 37°C. When
; the cultures reached an optical density of 0.8 at 600mm
they were moved to 30° and IPTG was added to a final
concentration of 1 =mM to induce expression of the IL-
lra gene. Total accumulation of the IL-lra protein was
30 maximal after 4-6 hours and did not change
significantly for up to 12 hours post induction.

BEXAMPLE VI: PURIFICATION OF THE IL—1xa MUTEINS

cell cultures induced as described above were

35 harvested by centrifugation at 10000g for 10 min. The
, cells were resuspended in 30mM sodium acetate buffer pH
! §.2 in 20-50 mls. Lysis was achieved by two passes
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pol ypem@%ﬁéﬁgt af oond bﬁ Ia ed are produced via r eROTLSIRM2IZAA

Vi In most cases the bac
ﬂ |ﬁl ded to obtain. biol ogi call. W@tﬁHﬁEﬁ‘WM BEEN

technology froma ba |
expressed pol ypepti dgmj &
prior to the pegyl at ertai rraa@ppl i cations of thi nvBERLAGED

the native pol ypepti de does not contain any free cysteine residues, but ar
al tered pol ypeitaegh stheoluerndht Breosuse reatl | si2HMR P3ke d@hﬁel ne in

t he bi ol ogi cal éi Ci¥¥§t80L¥BeE&h9P1Lfﬁ&&réur&bééh _ héSr Mg RPThutde.

refol ding of t eri al expressed £ tide |s faC|I|tated by the
addi tion, ||1tTh¢1S@#uhl§uPPﬁ9699I”%ﬁn&%ﬁ@ﬁ gg RRAFAEE cyst ei ne and
a column and washed with the same buffer conualnlng 75mM

5 NaCl. The IlL-lra mutein eluted with buffer containing

200mM NaCl. The single pass over tha icn exchange
resip resulted in a pvoduc» of sufficient purity (>95%)
for pegylation studies. Further purification can be
achieved using other ion exchange resins such as Q-

10 Sepharose or MonoQ. This procedure was used for
several of the IL-lra muteins with equal success. In
some cases it was necessary to vary the pK and/or NacCl
concentrations slightly to purify‘muteins wvhich have a
small change in protein charge due the change in amino

15 acid sequence. With these slight variations that would
be easily manipulated by one of ordinary skill in the
art, this procedure is generally applicable to all of
the muteins studied.

20 EXAMPLE VII: Ii-lra MUTEIN PEGYLATION
In addition to the native IlL-lra, muteins

cB84s116, c84cllé, c0sllé6 and ¢9sllé were negylated.

Employing the same conditions used for the native IL-~

lra, the pegylated forms ¢0f c84s116 and c84clls were
25 produced and purified. Since c84c¢llé contains two

reactive cysteines, pegylation results in a higher
nmolecular weight protein at about 40 Kd on SDS-PAGE.
This protein can be purifieg by cation exchange or size
exclusion chromatographv and runs at the expected

30 molecular weight of about 68 kd on the-latter when

using PEGgy,-

EX2MPLE VIII. FFPICACY QOF THE wmPEG*IL—1ra

The efficacy of the pegylated native IL-lra

‘ 35 molecules was tested by 2z standard competitive receptor
binding assay using s¥®-IL-1ra as the ligand. Mouse
cells (EL4) containing the mouse type 1 IL-1 receptor
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disulfidq«ygnﬁazning cénpound such as cystine. After refol dPET/USE/02122
purification, the polypeptide is treated wwth a |limted amunt-.of-.a-m+e 7

reduci ng agent such as dithiothreitol ("DIT") to regenerate%tﬁ%ﬁéﬁfﬁﬁjﬂﬁ3ﬁggﬁ§ :
group of the novel cysteine residue of thetéttered pol ypept ilde, F8Fi'dWwHg. -
di alysis under conditions designed to prevent oxidation, the golégeptide
may be reacted wix hamnstign SaldSSP&E| @XpEgyranfonTaBeht CLBNERt gne
specifically forgpa gyl afidey 1didepRdr were used at 1 x 10° cells
i per well and 1 x 10° cells per well, raspectively, in
{ 96 well microliter dishes. S§¥-IL-1lra with a specific T
' 5 activity of 4000 Ci/mmol was added tc a final
concentration of 130pM. Cold-ligand was added in B
serial dilutions from 28 mM to 13 pM and allowed to
incubate for 4 hours at 4°C. The cells were then
filtered through a Milliliter filter plate (Millipore,

10 .5 micron pore size Durapore filter), washed to remove

nenspecifically bound counts, the filter removed and
counted on an Ambis Radiocanalytical Imaging System.
Equilibrium dissociation constants (KDs) were
calculated and used to compare the pegylated and

15 unmodified forms of IL-1ra. Unmodified wild type IL-
lra and c84s116 have equal kD’s for the type 1 mouse
receptor of 150-300 pM in our assay. The kD for the
IL~-1lra pegylatéd form is about 400-800 pM and for
pegylated c84sll1lé6, 500-1000 pM which is 2.5 and 3.5

20 fold higher than that of the unmodified protein
respectively. The kDs for all but one (c6s116) of the
unpegylated muteins are within 65-150% of the native
protein, within the standard error of the assay. See
Table 1.

25 |
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15- pol,é}eg é . Preferred pegyl at ed pol ypei des of the prepgmusgzvemznon
are sit %g |caIIy pegyl ated TNF- inhibitors and IL-1 inhibitors. Mre

spetiffically, this invention describes pegyl ated 3CkDa TNF i nhi bitor and
pegyl ated IL-1 receptor ‘antagoni st. Msts4preferred pegyl at ed ik sHERT BIASBEEN
I nclude 3CkDa TNF inhi bitor wherein the asparagi ne am no acijd r eSRERIACED
position 105 cfagde mative human protein is chianged to cystene usSing In

vitro mtageness, Anfs gﬁﬁgyéféd&ﬁké@%ﬁ%ﬁ netztigrize free cysteine at

position 105 ate

SIZE RECEPTOR
. {kd4) ASSAY
S
MUTEIN
WILD TYPE o 17.3 100
€845116 : 17.5 S8
10 C9s51l1é 7.5 87
ces1llse 17.5 37
C0s116 17.5 63
C84C116 _ 17.5 95
15 PEG*IL-lra
SINGLE
PEGqgyqC116 50-60 34
| PEGgpo,C84S116 50-60 28
20 PEG,g,,C116 70-80 30
PEGygq,c845116 70-80 30
PEG$0c03116 ND 22
PEGg 95116 | ND 12
PEC 00,6116 78 20
25
DOUBLE _ ‘
' PEGgpyqC84C116 70-80 11’
PEG50oC84C116 " 150-200 4
PEG,300C84€116 175 5
30
DUMBBELLS
PEG3q4 clls 55-65 £9
35 PEG35°°c84 60 49
PEGyq 000C116 175-200 49
PEG,, 0goC84 200 60
200 24
PEG,,00pC84 >200 .
40 Data are presented as a percent of the activity

exhibited by unmodified Il-lra. Standard deviations
are within 10%.

45 EXAMPLE IX: PHARMACORINETICS QF PEGYILATED NATIVE
MUTEIN IL-lra

The pharmacokinetic character of several
pegylated native and mutein IL-lra molecules was tested
f 50 following intravenous injection ¢f the molecules to
j rats. Native or pegylated IL-lra was injected as an
; intravenous bolus dose (3 mg/kg). Serial blocd samples

| . This Sheet Has Been Re: placed
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deri vat i. W@ 9Bf163%t at ed 30kDa TNF i nnibitors include nutati onS TSR

bysterne has been added at positions 1, 14, 111 and 161. In addition to th
$|ngly pegyl ated nuteins, any and all conhjpations of they varrgu&n _Latlen
may be included within a single nutein to create altered BCk JNE D h B

more than one frn%”r&@a%rﬂeff&ﬁ'% -Céﬂaweqrofaﬁela&%aﬂéaw&eﬂaﬂ% BRst
preferred pegyl ated IL-1ra includes native_or naturall occurrrng IL-ira,

whi ch incl udes fRRFY¥FRA Tt qaﬁﬂyebedfﬁfFloﬂmﬁP SRECRRE F8SPY- 1ra
i/l el'ds site-speciEirsayegy| e arestl e @leasmaodi-ior tbocebtiratipagykat ed

derlvatlves Of'g%ﬁg(%%oflles (Figure 8) illusirate that pegylation has- - .

S a pronounced influence on the disappearance of IL-1lra

from the plasma after intravenous injection. The
declines in plasma IL-1lra and pegviated derivatives of
IL-1ra are best described by three exponential
- components. The data indicate that pegylation prolongs
10 the half-lives of these exponential components up to
six-fold in the rat (Table 2). The half-lives of these

exponentlal componenes increase as the size of the PEG
molecule lncreases (Table 2)- Additionally, there is
evidence that the prolongation of the half-lives may be
15 . pegylation site-specific. Standard compartmental
analysis was used to interpret the data of Figure 8.
The prolongation of
half-livés may be explained based on accepted
pharmacokinetic theory wnich states that the plasma
- . 20 half-life for a drug is inversely related to the plasma
¢learance for the drug and directly related to the
apparent volume of distribution for the drug.
Pharmacokinetic analysis of the disappearance of
pegylated IL-lras from the plasma indicate that the

25 prolongation in half-life is inversely related to-'a
decreased plasma clearance for the pegylated molecules,
compared to native IL-lra (Table 2). The decrease in
plasma clearance is consistent with an anticipated
size-related decrease in glomerular filtration of the

30 pegylated molecules by the Kidneys. Alseco, the
prolongation of the half-lives by pegyla%ion is
directly related to a2n increase of the distribution (Vd
steady-state, Table 2) of the pegylated molecule. The
increase in distribution volume indicates greater

35 penetration of the pegylated molecules inte the
extravascular pool. Through this mechanism pegylation
improves therapy with IL-lra by increasing the extent
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IL-1ra i}
pol ypept |

repJacenent of the cytteine at position 116 with serine.
singly pegylated nmuteins, any and all cormddmations of the v

$44ut ei ns having cystei ne added at. the am nopterusserezr#2 t he
cystei ne added at positions 6, 8, 9, 84, or 14:EmandmLhQW,

ddis i:om itiony bigen
i ous REBEACTHDNS

e g,

may be included to create altered IL-ira with nore than one free cysterne
capabl e.. of bei g padyhated acllilver ralpeclissandvadiantagbe sySthBlpresent

i nvention wll
déscripti.on of &

S AAS YIS GRISLIRCaLLan, 00 Beabablaunpg det ol ed

udin ustraflve t he

practice of thecompartment in whﬁch LL'l recepters are expected to be

10

15

20

25

: 30

33

located. Because of the similaricy detween rats and
humans in both clearance and disTtridution mechanisms
for Il-lra, it is apparent that pegvlation will
similarly improve the pharmacokinecic properties of IL-

lra in humans.

1. Additional intravenous pharmacokinetics for
paegylated IL-lra

The intravenous pharmacokinetics for eight
additional pegylated IL-lra muteins have been
characterized using methods previously described. 2a
plot containing intravenous plasma IL-1lra concentration
vs. time curves for each of the molecules is attached
(Figure 10). Review of all of the intravenous
pharmacokinetic data (Téble 3) indicates that as the
size of the PEG (single or double) is increased, the
plasma clearance decreases ané hence the intravenous
mean residence time and plasma IL-1ra disappearance
half-lives increase. The site of pegylation is
important in determining the extent to which the
pegylation decreases the plasma clearance and prolongs
the means residence time. The addition of two PEGs to
IL-1lra prolongs the intravenous mean residence time
fourteen-fold compared to wild type IL-1ra.

2. Subcutaneous pharmacokinetics for pegvlated Il~-1ra
Absorption pharmacokinetics of pegylated IL-~1lra

muteins have been characterized following subcutaneous
injection of the molecules to rats. Serial blood
samples were drawn from the tail vein and assayed for
native or pegylated IL-lra by enzyme-~linked
immunosorbent assay (ELISA). The resulting
subcutaneous plasma IL-lra concentration vs. time
curves are plotted in Figure 1il. The subcutaneous
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i nvent i orWwQ© 92/16228-

ami no aci d sequence of native IL-Ira. Figure 2 depicts the ap-no-acid

sequence of native 3CkDa TNF inhibitor. Figure 3 shows the Cbédﬁ%%ﬂéﬁ*u%
c\A{“‘I 'x

[ T —

SDS- PAGE of unpegyl ated and pegyl ated foriof IL-1ra and the_ﬁﬂwfw

10

15

e

pharmacokiﬁetic data (Table 2) revezi variable systemic
availability for the pegylated muteirs, related to the
site and size of the PEG, and related to subcutanecus
injection in non-optimized formuiaticns. Table 3 also
reveals a remarkable positive influence of pegylation
on the mean residence time for.subcutaneously injected
TL~1ra. As the size of the PEGC is increased, the mean
residence time is generally increased. This increase
is probably the result of molecule-size-related slower
absorption through the lymphatic circulation (longer
mean absorption times) as well as to delayed clearance
after the pegylated molecule reaches the systemic
circulation (plasmz). This prolongation is profound
and will impfbve theiphafmacokinetic character of
subcutaneous IL-1ra in humans.
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rrutel %ﬁaﬁziéz?ll L-Ira. Lanes 2, 3, 5 and 6 contain pegyl aPCOUS¥A62523n

m xes and 4 are the unm)dlfled proteins: Lane 1 - IL-Ira Lane 2 -
nPEG{-err] IL-lra Lane 3 -PEJ err] IL-Ira Lane 4 - c84sl16 | L-1ra Lane 5 - .
nPEG err] ¢84s116 ll-1ra-tane 6 - nPgglerr] c84s116 IL- | r a} Flgusies Wepiedss |
the. rono S i on exchange chromat ography of: Chromat ogram A,lthe pegyl»am on |

reactlonmzﬁebtmsnﬂm RplEGderr] IL-lra, peak 1 is the
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chronatogran1shomnng

nPEJ err]

modi f i b spnisz®ak 2 is the unnpdi |fied 11-1ra; and Chrorratpﬁ’yﬁyozéﬁoms t he
purified nPEQF err] ThisShk ﬁsme“mpm Figure 5 depicts a size

“!H“‘)rofl | e of several size _sI‘HﬁdHF‘Ef%HA r]flw

11-1T27fraction 13).

I

IL-1ra (fr

t he reverse phase HP fractionation of tryptic digest ofTa kyI at ed

nPEJ err|]
cyst ei nes.

Seprars e ' Br ownl ee X lmﬁ col um

at ambi ent tenper at uﬁe'sﬁﬁdné hﬁév\bﬁﬁﬁ eS‘EﬂS‘*i{FGGE‘eT riq}? R MAHVE | i near

gr adi ent .

10

15

20

25

35

residue at both the aminc terminus and carboxyl
terminus of the protein as well as 21l three
glycosylation sites (residues 1, 14, 105, 111 and 161
as seen in Figure 2). Mutagenesis was performed on
single stranded DNA from the 30kDa TNF inhibitor gene
cloned into the bacteriophage M13. This gene is

. described in detail in U.S. Patent Application Serial
No. 07/555,274 filed July 19, 19%0. Mutagenesis was
done as described by Xunkel et al. (1987) (see Example
V). The mutagenized gene was isolated and subcloned

into the expression vector pT5T (Cisenberg gt _2al.,
Nature vol. 343, pg. 341 (1989)) and transformed into
the T7 expression system strain E. coli BL21DE3. The
30kDa TNF inhibitor muteins were purified and refolded
as described for native 30kDa TNF-inhibitor. See, the
U.S. Patent Application Serial No. 07/555,274 filed
July 19, 1980. Refolding includes the addition of
cysteine to the selution containing the purified
protein. The cysteine aids in the refolding and "bonds
. to" the free cysteine in the mutein.

EXAMPLE XT: PEGYLATION OF 30kDa TNF INHIBITOR MUTEINS

The ¢105 30kDa TNF Inhibitor mutein was exposed
to a 6-fold molar excess of DTT in 50mM HEPES Ph 7.0
for 30 minutes at ambient temperature in order to

remove an extra cysteine attached during the refolding
process. The protein was then dialyzed against de-—
gassed SOmM HEPES pH 7.0 for 2 hours to remove the DTT.
The cl05 30kDa TNF inhibitor was then reacted with a S
fold molar excess of pegylating reagent 1 (See Example
1a) for 2 hours at ambient temperature in 50mM HEPES pH
7.0. Approximately 60% of the mutein was converted to

the pegylated form.
The c105 pegylation reaction mixture was loaded

onto a superdex-75 FPLC column (Pharmacia) run at 0.25
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Sol vent @6$fﬁﬁkgﬂmg§gﬁi gsolvent B was 0.085% Th&T/uS8DUR122

aQetonltrl an 0% eplcts the reverse phase XPLC
fractfonation of chyn?ﬂi t of peptide 18 in figure 6ffcnpﬂgt+@ns
were identical to tho Pept-gdes 5 and 8 cont ai ned Fr' g BER
counts and -1 7- peptlde 5 had the am no acid sequance LCTANEADCRyéE - !
The cystei ne wasl fretemt i i @omdsTrie pi 7.0, 100mM NaCl. Fractions ~

containing cl05-PEG 30kDa TNF-inhibitor were pooled and
loaded on a TSK-2000SW HPLC column (Bio-Rad) run at
: 0.2ml/min in the same buffer. The fractions containing
5 essentially pure cl05-PEG 30kDa TNF-inhibitor, as
determined by silver stained SDS-PAGE, were pooled and
the protein concentration determined by Bio-~Rad proteih

assay. See Figure 9.
The activity was determined using the murine

10 1.929 cell TNF cytoxicity assay as described in U.S.
Patent Application Serial No. 07/555,274 filed July 19,
1990.

EXAMPLE XTT:  THE PREPARATION OF BIS-MALEIMIDO PEG
‘15 The synthesis of the e-(2-aminoethyl) o-

aminopoly (oxyethylene) derivative of the PEG
(hereinafter bisamino PEG) consisted of three steps:
1) sulfonation of the hydroxyl group using tresyl
chloride as described by Nilson and Mosback (Nilson et
20 al., Methods in Enzvmologv vol. 104, pg. 36, Acadenic
Press, Inc., N.Y¥Y., N.Y. (1984)), 2) substitution of the
tresylated intermediate by phthalimide (Pillai et al.,
| J. Org. Chem. vol. 45, pg. 5364 (1980)), and 3)
reduction of the phthalimide intermediate to amine by

25 hydrazine hydrate (Pillai, suozra.). Structures of the
starting material, intermediates, and products are

. shown in Appendix 1 to this Exanple. Optimum
conditions permitted a conversion of approximately 20%
of the hydroxyl to amine as determined by 2,4, 6-

30 trinitrobenzene sulionic acid (TNBSA) assay. The
bisamino PEG can be purified fros! the reaction mixture
by ion-exchange chromatography. This is a key step for
removing reactive byproaducts which can interfere with

dimer formation.
35 The bisamnino PEG was acylated using maleic

anhydride (Butler gt al., Methods in Enzvmologv vol.
25, pg. 191, Acaderic Press, Inc., N.Y¥., N.¥Y_ (1272})
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car boxywas aAi63t ei ne derivative. This cycle was the only Bﬁﬁ’lﬁﬂ?{%ﬁ‘ﬁ?ng
counts above background. The am no acid sequence of peptide

serine 103 of 11- Ira. Redigestion of this peptide with ch ﬁﬁﬁﬁgﬁéﬂﬂA\B EN ]
permitted fractionation of all tritiur co®ts fromthe pept' @D i
depicts the plasma TL-lra concentration versus time p es of ture '
IL-1ra, pegyla?@& Ghey xgs ﬁ&“ﬁev@F&Fmﬁggﬁrﬁtéﬁsnﬁiérnge%ft?LPr$$ “®Fi gure

9 shows ' he SDg~RAGCmagelimikeeithyledOhal@iBDacddbiy nbipetnylaned) nPEG and the

separation of (Winsch gt _al., Biol. Chem. Hoppe-Seviex vol. 336, pg.
53 (1985)). This derivative reacts with sulfhydryls -
5 via a Michael addition to form & statzis thiocether.

APPENDIY TC EXAMPLE XI:.
wﬁl
Generalized formula for polyethylene glycol PEG,
10 : HO~- (CH,CH,0) ,~H
’ where x denotes the average molecular weight of the
polymer in kilodaltons and n is the average number of

repeating oxyethylene groups.
15 Intermediate 1
F3=CH,=50,=0- ( CH,CH,0) ,.,~ (CH,CH,) ~0~S0,~CH,~F;

Intermediate 2

| 20 .

! .

é @5}«— (CH,CH,0) _,~ (CH,CH,) -N}/;E@ _—
o

o

Intermediate 3 This Sheet Has Been Re;

T

Intermediate 4 -

25 H,N=-(CH,CH,0) _,~(CH,CH,) -NH,

_ HOOC—CH=CH-€—NH—(CHZCHZO)H_,-(CHZCHZ) ~NH—-C—CH=CH-COOH .
30
o-(2-maleimidoethyl) -0'-methvi~polyethvliene glvcol
[ N~ (CH,CH,0) ,_,= (CH,CH,) N |
35 PLE XTIII: IN VIVO RESULTS FOR c105 30kDa TNF

INHIBITOR PEG COMPLEXES

The inhibitory effects of four species of
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unreacted 30kDa TNF i nhi bitor from nPEG C105 30kDa TNF i nhj

excl usi WP RISt ography. Figure 10 shows a pfot contai ni nﬁ
pl asfa:zI'L-1ra concentration versus tinme curves for a |arge nunbeg g

PEGyl ated IL-1ra species,

dunbbel |

IL-lra concentrati.o
in Figure 10. RS lh

doubly PZGyl at g

speci-es. Figure 11 shows a plot

after the inj mfomw Wi
actions. One endpoint was the apbea:ance of IL-6é in
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IL-1ra species,

9#%%93%42%

-‘ -+ «.‘\? Ujg ‘:Scw‘*

[t ol

and | L- hf‘;afpgs

Nf

ont ai ni ng subcutaneous*piasna-wm~w»J

nllb s gh%r&fs Llerld tastReci es as

asna I

evel s versus _tine

qgean”NP stimnuleted physiological

the plasma of mice that were injected intravenously
with human recombinant TNF.
increase in the migration of neutrophils into

The seccnd endpoint was an

peritoneal cavity aftar the intraperitoneal

administration of human recombinant TKF.

Experiment One.
of cl05 30kDa TNF inhibitor (PEG, yo0, PEGy gy, PEG;g goq)
simultaneocusly with human recombinant TNF inhibits the
induction of IL-6 in the plasma of mice.

BALB/c female micé weighing 20 to 23 g were
used to measure the induction of plasma IL-6 levels by

human ‘recombinant TNF.’
the timg course was plotted for the appearance IL-6 in
the plasma after the intravenous administration via the

the

The intravenous administration

In a preliminary experiment,

tail vein of two doses of human recombinant TNF (Figure

12). Peak IL-6 levels occurred at twa hours after
stimulation with either 10 or 20 ug ¢f human

recombinant TNF per-mouse.

subsequent experiments.

The potency of c¢l05 30kDa TNF inhibitor PEG,y,
dumbbell-with that of the unpegylated cl105 30kDa TNF
' Human recombinant TNF was

inhibitor was compared.
injected intravencusly at a dose of 10 ug per mouse
either alone or simultaneously with the TNF inhibitors.
Four different reactions of inhibitors to TNF were

The ratios were calculated based

tested (Figure 13).
on protein content.

The lower dose was used in

Three mice were tested at each

dose. Blood was collected at two hours after the
I1-6 levels were measured by

intravenous injections.

ELTISA.

Both the ¢105 30kDa TNF inhibitor and <105

30kDa TNF inhibitor PEG,y, dumbbell caused nearly
complete inhibition of IL-6 levels when administered at

Received Time
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Figure % eqpmnes IL-6 |l evels induced in mce by five ratpoyush2aziZz 3CkDa
TNF inhibitor to TNF (A) and f ive ratios of c105 3CkDa TNF i nhi bitor
PEderr,db to TNF (B). Figure 14.depicts plasma |L-6 |evel s [T RgdGRERT HAR SN
by ‘TNF al one and one to one ratios of TNFfto cl1l05 30kDa TNF |i nhi brE@racen
PEJ err]and PEGerr] dumbbells, Figure 15 depicts percent negtroptits
i nduced by varyq g 254 D3 oFa IS (¥F A3 LiGema EPNENFhi it SREARF, ©£105
30kDa TNF i nhidit prefE@Eeos | k) TNF GG bd@loba PENE | nikisibyely PEF err] db
(©; and c105 3CkDa 1“? . . er_ ; .

: caused % reduction of IL-6 levels stimulated by TNF

alone, whereas the unpegylated ¢105 30kDz TNF inhibitor .

5 reduced IL-6 by only about 70%. The —esults of this

experiment indicate that in the ratios tested, both the
c105 30kDa TNF inhibitor and ¢105 30XDa TNF inhibitor
PEG,qq, dumbbell were good inhibitors of this TNF-
stimulated physiological parameter. At a ratio of 1:1,
10 the c105 30kDa TNF inhibitor PEG,,,, dumbbell caused a
greater percentage inhibition than the unpegylated
inhibiter.
Two other species of pegylated c¢l105 30kDa TNF
inhibitor were tested. The inhibitory effects of ¢105
15 30kDa TNF inhibitor PEG; . dumbbell and c105 30kDa TNF
inhibitor PEG,; 5, dumbbell were tested on plasma IL-6
induction. The inhibitors were administered by
intravenous injection simultaneously with human
recombinant TNF at iatios of 1:1 (cl05 30kDa TNF
20 inhibitor dumbbell: TNF) (Figure 14). Three mice were
tested in each of the two inhibitor-treated groups.
Ten mice were injected with TNF alone. When
administered in ratios of 1:1, no detectable II~6 was
measured in plasma of wmice injected with either ¢105
‘ 25 30kDa TNF inhibitor PEGy g, dumbbell or cl05 30kDa TNF
inhibitor PEG,j ,, dumbbell, whereas a significant IL-6
response was elicited in the mice injected with human
recombinant TNF alone.
' The results of the two experiments show that -
30 c105 30kDa TNF inhibitor PEG, goqr PEG; sg0. and PEGyq o0
dumbbells are good inhibitors of the induction of
plasma IL-6 by human recombinant TNF when administered .
in a low ratio (1:1) relative to the stimulus. '

35 Experiment Two. The subcutaneous
administration of cl105 30kDa TNF inhibiter (PEG; .,

PEGy4 q00 and PEGzo,aoo) simultaneously with the —

This Sheet Has Been Replaced
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|nh|b|tor PE err]db ( : ure 16 shows a plot containin
pl asma WOIH GI'T ?Hae m@mlacat ion versus tine curvegdﬁ‘f”é
3okDa:TNF i nhi bi tor inhi bitor PEGerr], and PEQ. errl and o
3CkDa TKF i nhi bi t or r] and. PEG err] dunbbells’“FBgu[ r BAS neEn
shows a plot containing su cutaneous plasﬁh 30kDa TNF |nh|b|tor ;x<;4fmw
concentrati on yice SUsetiBBneHS V) £0EL on WEDRERL 364D Tt PREFT OT

speci es as gur e
) 1nh1b1ts the migration of neutrophils into the

peritoneal cavity.
BALB/c female wmice weighing 20 to 23 g were
5 used to measure the migration of neutzephils into the
perltoneal cavzty after stimulation with numan
recombinant TNF. Tbe technigue used is that of Kim
McIntyre gt al. (J. Exp. Med. vol. 173, pg. 931 (19%1)}
and is described in brief herein. Mice are injected
10 with TNF in a volume of 0.1 nl directly into the
-peritoneal cavify. Four hours later the mice zre

killed and an immediate post mortem lavage o the
peritoneal cavity is.performed. Four ml of Hank’s
Balanced Salt Solution (HBS) (célcium and magnesium

15 free) is injected into the peritoneal cavity. The
abdomen is gently massaged. The peritoneal fluid is
recovered by aspiration with needle and syringe. The
total number of peritoneal cells is counted on a
Coulter counter. An aliquot of the cellular suspension

20 is dried on a slide and stained with Diff-Kwik stain.
A differential count of the cells is nade by direct
microscopic examination. One hundred cells are
examined and élassified as either neutrophils,
lymphocytes, or macrophages. '

25 ' In a preliminary experiment, the compared
cellular make-up of the lavage fluid after
intraperitoneal administration of either pyrogen—fres
saline or 7.5 ng human recombinant TNF was compared.
TNF causad an increase in the percentage of neutrophils

30 and in the absolute number ©f neutrophils present in
the peritoneal lavage £luid. 1In saline-treated nice,
9.4 X 10° neutrophils were recovered in the lavage
fluid and made up only 2.3% of the total peritoneal
cells. In TNP (7.5 ng)~treated mice, the total number

35 of neutrophils was increased to 12.9 X 10° and the
percentage of neutrophils was increased to 13.7%.

The potency of unpegvlata<Z ¢l03 30kDa TNF
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Figure Jﬁm;m the solubility of 3 solutions of native IPGIVUa9%/0812284

IL-ira PEerr]by plotting 0.D. 405 versus tine. Figure 19 d

bastc structure of conpounds of this invention having the gewéﬁ@iﬁﬁmﬂmuanu¢

R1-X-R2 that are referred to as dunbbel | ~86rmpounds. DETAI LE
THE | NVENTI ON This i nvention involves the sel ective modification of

CREPTAGN OF

phar maceut i cal | ynERIHPT J¥t tih TR LeIWF376% SP8FarS PhnEhOReSPEDRs Fact or
("TNF") inhibi tes enfibieséer {erdyyys) 26,/ 51" dnd rPEdy, Lo Sundeied 1) :
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was also compared. Xeeping the TNT stimulus constant
at 7.5 ng per mouse, the inhibitcrs were tested at
ratios of 100:1, 10:1, and 1:1 (¢i05 30kDa TNF
inhibitor species: TNF). The ratios were calculated '1 -
based on protein content. The mice were injected
subcutaneously with the cl05 30kDa TNT inhibitor
simultaneous to the intraperitonezl administration of
TNF. Six mice were tested in each dose group. Four
hours later the peritoneal lavage fluid was collected
and analyzed. Values shown in Figure 15 are the
percentage neutrophils in the peritoneal lavage fluid.

"The lowest ratio at which the unpegylated cl035 30kDa

TNF inhibitor and c¢10S 30kDa TNF inhibitor PEG; g,
dumbbell significantly inhibited neutreophil migration
is 100:1. The ¢105 30kDa TNF inhibitor PEG 4 000 and
PEG,g gpp dumbbells significantly inhibited neutrophil
migration at a ratio of 10:1.

The results of this experimené show that cl05
30kDa TNF inhibitor PEG; sp. PEGys gy 2NA PEGyg gy
dumbbells are good inhibitors of the TNF-stimulated
neutrophilic migration into the peritoneal cavity. The
cl05 30kDa TNF inhibitors Pr‘?v:;m'000 and PEGzn,ooo durmbbells
were more potent than the unpegylated cl05 30kDa TNF
inhibitor and the <105 30kDa TNF inhibitor PEG3 gq0-

EXAMPLE XIV: PREPARATION AND BIOA.CTIVITY OF ¢l105 30kDa

TNF INHIBITOR PEG DB

Svynthesis
Recombinant cl05 30kDa TNF inhibitor 2-3 mg/ml is

treated with a 4~-fold wmolar excess of DIT for 2 hrs at
ambient temperature. The TNF inhibitor is then
dialyzed against de-gassed 50mM HEPES, pH 7.0, for 3
hrs at 4°C. To create the PEG-linked dumbbell, the TNF
inhibitor is reacted with different molar ratios of the
bis-maleimido PEG in 50 mM HEPES pH 7.0. .TNF inhibitor
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this invention_descri nDdlflcatlon of 3Ck3ﬁ;r {pitor
and | L- WQ 88 ant SShCQ as i ce The sel ective no |§§ﬁ/g?s serve
t o+ both enhance the ph ropertles of the polypeptides as wel
as to provide honogeno for-ﬂunan therapeutlc usesis Addif | [BolaF}

polypeptldes that may be selectlvely nDdl ied according 'to the proce@uggs é

of Lhis inventign LoetugehRheeheuks. LB53158CeREOESoE" bhs2ha) e@REGEPT AR~
references to interleukin-2 receptor shall be constr e to |nc£ude both

[err] and [errPEEhai RBeoFeRErIPNENPERSIBEURREG=ot s AF
ambient temperature. after incubation, the PEG~linked

TNF inhibitor dumbbell is purifiei from un-PEGylated
5 and siﬁglyQPEGylated TNT inhibitor using MONO-S FPLC in
i 50 mM HOAc, pH 4.0, using a 260 mM, 310 m¥ and 350 mM
NaCl step-gradient. The PEG-linkeé TNF inhibitor
dumbbell elutes at the 310 mM NaCl step. Any remaining
unPEGylated TNF inhibitor is removed dv chromatography

10 on Superdex75.

STEPWISE REAGENT ADDITTION:
| After DTT treatment and dialysis into 50 mM
HEPES pH 7.0, an equinolar amount of bis-maleimide PEG
15 is added, after 1.3 hrs incubation another equimolar
amount of bis-maleimide PEG is added. This is
incubated for 1.3 hours. This leads to an optimized
level of PEG-linked dumbbell formation. Then a 2-fold
excess ©of ?EG reagent is added, giving a final 22G6-TNT
20 inhibitor ratio of 4:1. This is incubated for 2 Xhrs
and the mixture is dialyzed into 50 mM acetate DE 4.0
for Mono-S chromatography. This yields a mixture which
is primarily PEG-linked dimer and singly PEGylated TNF
inhibitor. This allow for more efficient purification
25 of PEG-linked dumbbell as there is a greater separation
between singly PEGylated TNF inhibitor and dumbbell
than dumbbell and unPEGylated TNF inhibitor.
This procedure optimized dumbbell formation,
and allowed for more effic¢ient purification.
30
STEP REACTION:
After DTT <reatment and dizlysis into 50 mM
HEPES pH 7.0 an 8-fold molar excess of bis-maleimido
PEG is added. This is incubatad for 2 hrs at ambient
35 temperature.h This converts essentially all the TNF
inhibitor to singly-PEGylated IZorm. The singly-
PEGylated TNF innibitor is separated from PEG reagent

QUBquTi JTE SHE
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, -19-1
sufficient honol ogy between ani nal

enbodi ments of the invention the nodifi edpphisdem2iges and
\ A sequéﬁé@éﬁgﬁe human i Fe

However, to the extent that there is

DNA and peptide sequence

flor ns,

*they woul d be incldued within thesgcope of this inve

enmbodi ment

10

15

30

35

the nmethod ot nodification of the present '
covalently bonghagany remaining unreacted TNF inhibitor using MONO-S

i nvel

HPLC in 50 mM acetate pH 4.0 with 2 NaCl gradient.
singly-PEGylated material is diafiltered into 50 mM
HEPES, pH 7.0, and concentrated to Z-4 mag/ml. DIT

treated TNF inhibitor is then added <o allow formation

of PEG-linked dumbbell. After:2 hrs, the PEG-linked
dumbbell is pgrified using Monc-3 EPLL. This method
may be used to form a PEG-linked hetercodumbbell by
adding a second, distinct protein compound.

This procedure optimizes dumbbell formation and

can be used for the formation of heterodumbbell
compounds.,
and time intensive.

Bioactivity of PEG-linked TNF iphibitor Dumbbells
The ability of c105 30kDa TNF inhibitor dumbbells to
inhibit the cytotoxicity of TNFec in the murine LS29
cell cytotoxicity assay was measured.
for the determinaticn of an ED,, for these molecules.
They are as follows:

Wild Type xrTNF inhibitor 2290 ng/ml
. BMH-1linked dumbbells 220 ng/ml
1900 MW PEG-dumbbells 4.1 ng/ml
3500 MW PEG-dumbbells 4.8 ng/ml
10,000 MW PEC—-dumbbells 4.6 ng/ml
20,000 MW PEG-dumbbells 4.2 ng/mi

The TNF inhibitor dumbbells also have greatly increased
activity in inhibiting the cytotoxicity of INFS in the

1929 bio-assay.
follows:

Wild Type rTNF inhibitor
3400 MW PEG-dumbbells
20,000 MW PEG-dumbbells

The EDg, values against TNFg are as

o

70 pg/ml
830 ng/ml
22 ng/ml

However, this procedure is somewhat labor

This has allowed
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| ong, chain polymers to the pblypeptides of interest in a site specific
manner. Woa2gm22tt ed pol ypeptides may be the native or nat BGE/UB98&R2Z i ng
poLypeptides of interest, or they may be biologically active nuteins of the
pol-ypepti des that have been produced to enhance the nDdlflcatr,'ﬂpgch S
descri bed herein. The nethod of the invenBPon includes the :sel ;5 ;:SQ S
producti on and screenlno of deS|red nmut ei ns that il neet %he-eb.eéf” es . |
of this inventiZBEAMEE L RMACREENETECS Sras 2 3yethod for
modi fyi ng ponﬁE%ElEEE—EeqU|res nerely that the nDdlflcatlon be made so

that the resul t:t ng Prgductmlé)es at\’/l%lil abl e(llnnetslucbsst_(_._arl_t |=%J<J ated 30kDa

5 7 TINF _inhibitor
The pharmacokinetic character of several

pegylated 30kDa TNF inhibitor molectles was determined
following inﬁravenous administration ¢f the molecules
to rats. Native or pegylated TNF inhibitor was

10 injected as an intravencus bolus dose. Serial blood
samples were drawn from the tail vein and assayed for
non—-pegylated or pegylated TNF inhibitor by enzyme-
linked immunosorbent assay (ELISA). The resulting
intravenous plasma TNF inhibitor concentration vs. time

15 profiles (Figure 16).illustrate that pegylation has a
pronounced influence on the disappearance of TNF
inhibitor from the plasma after intravenous injection.
Statistical moment thecry (area under the curve [AUC]
and area under the first moment curve [AUMC)) was used

20 to interpret the data of rfigure 16. The data indicate
that pegylation prolongs the intravenous mean residence
time of TNF lnhlbltor up to fifty-fold in the rat
(Table 4). The intravenous mean residence time
increases as the size of the attached PEG molecule

25 increases (Table 4). Although not limited by theory,
the prolongation of mean residence times may be
explained based on conventional pharmacckinetic theory
which states that the intravenous mean residence time
for a drug is inversely related to the plasma clearance

30 for the drug and directly related to the apparent
volume of distribution for the drug. Pharmacokinetic
analysis of the disappearance of pegylated TNF
inhibitor’s from the plasma indicates that the

; prolongation of half-lives is inversely related to a

E 35 decreased plasma clearance for the pegylated molecules,

compared o non-pegylated TNF inhibitoxr (Table 4). The

decrease in plasma clearance is consistent with an

anticipated size-related decrease in glomerular
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purifiegy 9{ tthat termis defined herein. In certain ep@p/ﬂgﬁmg;zzthe
ypep

nndlfled po | des of the present invention will. be bonded to Iong

chain polyners at specific positions of the am no acid seque e :
nodi fi ed pol ypeptides of the present inveption will retain a ﬁi 'P%@gBFrﬁ7
portion of their biological activity. In the preferred enbo :ntqt AP

nmodi f.i ed pol ypﬁaritu:tmsm/m ld € rtetaamegyt.alwdsr‘camuﬁeﬁt hyotheh&ikdnelsgi cal
ctivity of t eveoqgoér{é)ce};g -'en :@prﬁc% %6 0:0¢) 08895 BYeyblina MoOre

pref erred enbodi nent eptide wil'l retain-at |east one
flifth of thelﬁaﬁqxjngﬂhumans in plas#a clearance mechanisms for TNF

| inhibitor, it is apparent that pegylation will

i

| 5 similarly improve the pharmacokinetic properties of TNF

inhibitor in humans. : -

2. Subcutaneous pharmacckinetics for pegylated 30kDa
TNF inhibitor

10 Absorption pharmacokinetics of pegylated TNF
‘inhibitor have been characterized following
subcutaneocus injection of the molecules to rats.
Serial blood samples were drawn from the tail vein and
assayed for non-pegylated or pegylated TNF inhibitor

15 concentration vs. time curves and are plotted in Figure
17. The subcutaneous pharmacokinetic data (Table 4)
reveal variable systémic availability for the pegylated
molecules, related to the size of the PEG, and related
to subcutaneous injection in non-optimized

20 formulations. Table 4 2lso reveals a positive

' influence of pegylation on the mean residence time for

subcutaneocusly injected TNF inhibitor. As the size of
the PEG is increased, the mean residence time is
generally increased. While not limited by theory, this

25 increase is likely the result of size-related slower
.absorption through the lymbhatic circulation (longer

E mean absorption times) as well as delayed clearance
once the pegylated wmolecule reaches the plasma. This
prolongation is profound and will improve the

30 pharmacokinetic'character of subcutaneous TNF inhibitor
in humans.

EXBMPLE XVI. SOLUBILITY OF PEGYLATED PROTEINS
Il-1ra
35 Results of é solubility study are shown in
Figure 18. Solubility curves are shown for three
different preparations of IL-lra, and c84 IL-lra
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activity.of the native polypeptide, and in the nost preferred enbodi nent
at- | eaﬂ,b gsd2qurth of the activity will be retained. |n ROWYSIM)212Re
nodi fi ed polypeptide will serve to inprove the pharmacokinetic_perfornance
of *the* native pol ypeptide in at |east one of the follow ng areas@‘lhnTjg‘i::;j
I ncreasi ng the apparent nol ecul ar wei ght-gi~-20- of the native polygﬁpkﬁ g i
and, hence, reducing e .. . )

PEGggqq- The experiments were prefcrmed at 37°C in a

microliter plate with all proteins a2t 150 mg/ml. The
plate was sealed with a cover and then read in a plate
reader at 405 nm at various time seints. An increase
5 in abscorbance is an indication of protein
precipitation. There is clearly a decrease in the
amount of protein falling out of sclutiorn for the

PEGylated sample relative to native IL-1lra.
30kDa TNF inhibitor
10 Native 20kDa TNF inhibitor cannct be

concentrated to more than 5 mg/ml. Following
PEGylation, the solubility was increased at least 3
fold.

15 EXAMPLE XVII: PREPARATION OF IL-2 INHTBITOR .
HEETERODUMEEELL

| A PEG-linked heterodumbbell may be formed by
' first pegylating IL-2rc in the presence of an excess of
v 20 bis-maleimido PEG. The singly pegylated IL-2ra may be
purified and IL-Z*B added to react w1th the remaining
reactive maleimide group to form the heterodlmer.
Potent1a1.51tes for PEGylation of Il-2rc
include both the amino and carboxyl terminal residues,
25 the two N-linked glycosylation sites, as well as the
- native free cysteine residue in the molecule. Cysteine
; residue 192 in the scluble extracellular domain cf IZ-~
. 2ra has been identified as being uninvolved in
disulfide bonding. (Miedel et al. BBERC, vol. 154, pg.
i 30 372 (1988)). This cysteine'residue lies in an epitope
? of an anti-IL-2re monoclonal antibody that does not
affect IL-2 binding to IL-2re (Lorenzo et al. I.
| Impunology, vol. 147, pg. 2970 (1991)). This indicates
this residue is a likely candidate for PEGylation

35 without affecting the activity of IL-2ra.
For IL-2rg, the potentiai sites include both
the amino and carboxyl términi, the 4 N-linked
glycosylation sites and a region (a.a. #108-118) that
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cl earance rate follow ng subcutaneous or system ¢ adm ni st Al .
I ncr ea’sivﬁﬂ #ﬁézébl ubility of~the native polypeptide in aqu{églij-)éégsbg(ﬁllzcz)ns;
or.3) reducing the antigenicity of the native polypeptide..in_many
enbodi ments of the invention, each of thgse objectives will B85 suEar way 52
acconplished. -In the preferred enbodi ments of the invention, thetang:
chain pol ynmer i Iénﬁ)ﬁ@plﬁ/@tm&éﬁ%rg!oxfc@Iio%garaawgizﬁﬁieah&st byl enme: - -

gl ycol. A polyethylene glycol unit will be referred {o herein as PEG and a
the murine erythropolietin receptor (Yoshimura, Longmore

and Lodish, Nature, vol. 348, pg. 647 (1990)). Point
mutational analysis of other residues in the receptors

5 may also allow for identification of other sites of
PEGylation that yield optimal vroperties in.the T
heterodumbbell molecule.

N

nononet hoxy

EX2MPLE XVITIT: PREPARATION OF ﬁETERODUHBBBL‘LS WHICH
10 I B HE CLASSTICAL PATHWAY OF COMPLEME STEM
Many proteins which regulate the complement
system have been identified and cloned. Some of them
are membrane proteins. One of the membrane proteins is
15 called CR! (complement receptor 1). The soluble form
of CR1 has been examined in in vivo models of diseases.
The complement inhibitor inhibits post-ischemic
myocardial inflammation and necrosis (Weisman et al.
Science, vol. 149, pg. 145-151, 1990), reversed passive
20 arthus reaction (Yet et al. J. Immunoclogv, vol. 148,
pg. 250-256 (1991)), and allograft rejection (Pruitt et
al. J. Surgica) Research, vol. 50, pp. 350-355 (1991)).
The soluble CR1l binds to C3b and C4b. It
consists of 30 short consensus repeat seéuences (SCR) -
25 Most of SCR contain one possible glycosylation site and

[}

four cysteines. 2ll of the cysteines are likely be to
involved in disulfide bonding. SCRs 1-4 are found to
be involved in C4b binding. Two separate portions of
CRl, SCRs 8-1l1 and SCRs 15-18, are invelved in C3b .

30 binding (Klickstein et al. J. Exp. Med., vol. 168, pp. .
1699-1717 (1988); Kalli gt al. J. Exp. Med. vol. 174,
PpP. 1451-1460 (1991)). According to this invention, it
is possible to produce a heterodumbbell which contains
the C4b binding domain and the C3b binding domain of

35 CRl.

The SCRs which contain C4b binding and C3b

binding domains of CR1l may be cloned using PCR. These

SCRs will be SCRs 1 through 3 (C4b binding) and SCRs 8

(N
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po|yethy|ene | ycol unit will be referred to as nPEG The %gﬁ?ﬁééﬁﬁﬁﬁ%r

nol ecul WO WG of T"nih&hcgéﬂa H Replagedi t Wil | be given in su

examnpl g, a,nononet ho gl ycol unlt of appr oxi mafe—feestd-ar
wei ght of 5,000 will rrPEqsg; or PEGerr] O err‘"#éﬂgfcﬁamm

pol ymers included within the scope of thi |nvent|on are pol YprapyEEhaCED

gl ycol ("PPFG' 0 a g " ' 4 ni c acids
or other carb %?ﬁggbé E z§¥%0%§ﬁ%ré O&h% ﬁ%rs of éé? a%ﬁ%%8a0|ds and
bioti n derivat$9Bs. mpy he aleaedaie emegﬁyeﬂx“ef»s:ﬁﬁ@ﬂpve@’émf i n¥BAt i on,

the | ong chai ngpokyNer edprbss8adbhyEe0HY may be refolded and

purified. The success of refolding c<an be analyzed by
5 the capacity to bind polyC3b or polyCib. In vitro

mutagenesis of these genes may- be carzied out to
substitute native amlno acid residues tc cysteine.
These cysteines may then be used to linX the PEC
melecule. Possible sites for PEGylation will be the

10 glycosylation site or carboxyl terminal rasidue of SCR
5 and SCR 12. .Ihe C4b binding and C3b binding domains

? which contain an extra c¢ysteine to the carboxyl

terminal residue could be constructed and used for
linking PEG molecule. The PEG linked heterodumbbell

15 may be produced by the two step process of Example XIV.
Purification may be carried out by ion-exchange
chromatography.

! . EXAMPLE XIX: SYNTHRESIS OF AN IL-1lra BIS{MALEIMIDE)-
20 PLATELET DERIVED GROWTH FACTOR DEPTIDE PEG

HETERODUMBBELL

The platelet derived growth factor (PDGF)
peptide YGRPRESGKKRKRKRLKPT 1s described in Khachigian,
! 25 L. gt al. J. _Biol. Chem., vol. 267, pg. 166D-1666

(19%1). A terminal C was added to permit coupling to

the maleimide.

The heterodumbbell was synthesized in two
steps. In the first step, 1.6 nanomeles of IL~1ra
30 suspended in 3 ul of 0.05 M Hepes buffer, pH 7.5, was
mixed with 6.4 nanomoles of bis-maleimida PEGg,
dissolved in 11 ul of the same buffer. This reaction
was carried out for 30 min at 20°C. In the second

step, 32 nanomoles of the PDCGF peptide dissolved in 4
35 ul of 0.2 M sodium phosphate buffer, pH 7.0, was added

to the products of the first reaction. The reaction

was allowed to proceed for 1 hr at 20°C. The reaction
, was then terminated by the addition of an equal volume

" of SDS-PAGE sample buffer containing 30 grmoles of 2-

. SUBSTITUTE SHEET .
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pol yet hyl ene glycol, or HO ([err]). [err] Wen activated t ' ntly -
wth po §bgﬁ?g s or other biologically active conpounds ggﬁgggﬁgﬁ%ggﬁ
bel.ow, the di hydroxy material will contain two reactive sites.. In.the. . .

greferred embodi ments of the present inygntion the |ong chainﬁppﬁwﬁﬁnﬁkﬂmtﬁwé

r‘e bonded to the pol ypeptide via covalent attachnent to the sul fiydegic
roup (-SH ofedcapticRith@nbesi due. To obtain selectivity of Téacti'on and "
nonol ogous reaction nj xt [t .

horol ogous, reactl on MLALTES ol {oh o isshils L S e Lungignal 2o
ffunctional or theactedaetrignoapd the products of the complete two—step '
reaction,.as well as appropriate molecular weight .
5 markers, were separated by SDS-PAGE on a 15%
polyacrylamide gel which was then stained with .
Coomassie Blue. The two-step reaction gave an
additional band consistent with the predicted size of
the heterodumbbell. Approximaéely 33% of the starting
20 IL-1lra was converted to heterodumbbell by the two-step

reaction. y o
The prodﬁcts'dfathe first step of the reaction
can be isolated by cation exchange chromatography on
the resin S—-Sepharosa. The heterodimer may be isolated
15 by cation exchange chromatcgraphy due to the abundance
of basic aminc acids in the peptide.

It is to be understood that the application of
. the teachings of the present invention to a specific
T 20 expression system or pegylation reagént will be within
the capabilities of one having ordinary skill in the
art in light of the teachings contained herein. Thus,
it'will be apparent tc those of ordinary skill in the
art that various modifications and variations can be

©.25 made in the process and products of the present
invention. It is intended that the present invention
; covers these modifications and variations provided they
come within the scope of the appended claims and their
equivalents. U
30
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}ach' end’ oo viaszml ecul e. By appropriate sel ection of reactiperassdisiiens
and pol ypepti des, the activated di hydroxy pol yet hyl ene gl ycol s--or any
‘ther mul ti- activated |ong chain pokgoer unit--will react wth

JOIned by a | ong chain polymeric unit. By utilizing the diff
rieaction that woul d be found between the activated pol yneric
and different cystelne_contalnlng_polypeppldes and by the klnetlcs of the

reactions,

. PEG Jocaiion = fild Qos clos Qs cis cwos  Clos
; ' PEG size = _1vpe] 0 8500 2000C 3500 10000 20000

iniravenous pharmacokinencs

number of snimals = 2 2 2 2 2z 2
Vi sieady-swte, mljkg = 220 240 340 340 93 130 -
plasma clearance, mL/minfkg = 118 17 Q7 052 a.16 011
plasma mean residenes time (iv.), bt = 037 23 % 68 . 10 19 °

subcutancous pharmacokinetics

number of animils = 2

1 1 4 2

systemic availability, % = 99 25 (11 29 39 33

plasma mean residences time (s2),kr = 35 70 20 12 17 30
mcan absorplion time, hr = 3.1° 4.7 6.0 32 9 u

*relerenced 1o C10S iniravenous pharmacokinelss
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pr dduce dunbbel conptexes “where substanti al | y purified conpgy. i;)e

f or med cﬁ'ﬂ)? two di fferent polypeptide groups, or conprisi ng a SI ngl e
poL,ype«pt|de group and mﬂm EI “ Tﬁ ogically active group. Exanples of

such Het er odunbbel | n bel-ow. The extent and .availahi.l Ltyw.....,ﬂ_m__,w

et

for reaction of cyst e| nes vari es dramat i caly y from pol ypepti da TS sH

pol ypeptide. Thgsefe in the biologically-active form many §p0I ypépt’md“es? o
do not have "fr'egé‘Wstel nes, or cysteines not bound to another cysteine.
In addition, the existence of "free"' cysteines does not nean that

1. A substantially purifieé compcund of the

formula R,-X-R, vherein:
5 R, and R, are polypeptidic groups; and
X is a non-peptidic pelymeric spacer.

2. The substantially purified ccmpound of claim L
wherein R, and R, are the sanre grouzs.

10 ,
3. The substantially purified compound of claim 1
wherein R, and R, are cdifferent groups.

4. The substantially purified compound of claim 2
15 wherein R, and R, are selected from the group
consisting of: '
IL-1 receptor antagonist, 30kDa TNF inhibitor,

40kDa TNF inhibitor, IL-2 receptor, CRl, PDGF receptor,
; IL-2, MCSF receptor, EGF receptor, IL-5 receptor, Ii-3
20 receptor, GMCSF receptor, T-cell receptor, HIA-I, HIA-
| I1, NGF receptor, IgG (V,, V,), CF40, CD27, IL-6
receptor, Integrins CR3, VLa,, ICAM, and VCAM, CR2,
GMP140 Lec domain, Laminin binding protein, Laminin
fragments, Mannose binding protein, exon 6 peptide of

! 25 PDGF, and proteases.

5. The substantially purified compound of cialixz 4
wherein R, and R, are selected from the group
consisting of: intérleukin4l réceptor antagonist,

30 30kDa tumor necresis factor inhibkitor, interleukin-2

feceptor ; and CR1.

6. The substantially purified compound of claim 5
wherein R, and R, are interleukin-1 receptor
35 antagonist. ’

k]

7. The substantially purified comnound of claim 6
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ystel newapﬂt&tﬁes ﬂh@ﬁ or binding to reactive reagents. BHISIEA2122

dification usuall E!Hw,utﬁﬂ ctive or three dinmensionally fol ded
ol peptlde little occur when a free c T rL}
' Kln the "interior" of ol’ded struc?mne -22- A fursﬁﬁ§5ﬁrifgxg%np

en nDdlfylng pol ypeptides is the pagtential effect the nDd..ryul.un FRECY-
have on the actbggesin eagid tifg e#%éﬁf#dee”?ﬂ ECTOERFRESRE3h ¥F a

modified to contain at least ons ncm—native cystelne

residue.

5 8. The subétantially purified compound of claim 7
wherein said non-native Cystelne residue are found at
amino acid residue sites selected £xrom the group
consisting of 0, 84, 6, 8, 9 and 141.

i0 9. The éubstantially purified compound of claim 5
wherein R, and R, are 30KDA tumor necrosis factor
inhibitor.

10. The substantially purified compound of claim 9
is5 wherein said 30kDA tumor necrosis factor inhibitor is
modified to contain at least one non-native cysteine

residue.

11. The substantially purified' compound of claim 10
T - 20 wherein said non-native cysteine residue are found at
amino acid residue sites selected from the group
consisting of 1, 14, 105, 111 and 165.

12. The substantially purified compound of claim 1
25 where R, and R, are interleukin-2 receptors.
13. The substantially purified compound of claim 12

wherein said interleukin-2 receptor is modified to
contain at least one non-native cysteine residue.

30
14. The substantially purified compound of claim 12
wherein R, is IL-2rc and R, is IL-2rj.
15. The substantially purified compound of claim 1
35 wherein R, and R, are CR1.
16. The substantially purified compound of claim 15
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cyst ei ne GQrybpdegzrcertain proxinal relationship to the acti VPV USIMIg122
effectively deactlvate !m ‘melmﬁl’mlm Even when a great deal is known
abeut .t he sel ected pol ifficult, if.not inpossible,.ta.
accurately predict which cysteine reS|dues—ﬁmy be ef fectivel y. #B@i st = ARNEREN |

sane factors al so exi st when nutated pol ypeptides are produced. tha doritain
addi ti onal CyStewherlee.s'u chadsl C\NierlSt naecp@l.ygeppl geneincesndeagtt g

produced Vi a bacb§%| 3t9§&§?§é$§yl Sggggnatlve cysteines nmay interfere

with the proper pol ypepti In addition, the
17. The substantially purifiec compound of claim 3
5 wherein R, and R, are selected frcz the group

' IL-1 receptor antagonist, ZCXkDa INF inhibitor,
40kDa TNF inhibitor, IL-2 receptor, CRX, PDGF receptor,
IL-2, MCSF receptor, EGF receptor, IL-53 receptor, IL-3
10 receptor, GMCSF receptor, T-cell receptor, HLA-I, HLA-
II, NGF receptor, IgG (V,, V,), CF40, CD27, IL-6
receptor, Integrins CR3, VLa,, ICAM, and VCAM, CR2,
GMP140 Lec domain, Laminin binding protein, Laminin

LT consisting of:

fragments, Mannose binding protein, exon 6 peptide of
15 PDGF, and protezases.

18. The substantially purified compound of claim 17
wherein and R, and R, are selected from the group
consisting of: interleukin-l receptor antagonist;

20 30kDa tumor necrosis factor inhibitor; interleuXin-2
receptor, and CRl. )

19. The substantially purified compouné of claim 1
wherein X is selected from the group consisting of:

25 polyethyleéne glycol, polypropylene glycol,
polyoxyethylated glycerol, dextran, colonic acids, poly
B-amino acids, and carbohydrate polymers.

. 20. The substantially purified compound of claim 19
i 30 wherein X is polyethylene glycol.
21. The substantially purified compound of claim 1

wherein said peptidic binding groups R, and R, are
covalently bonded to said non-peptidic polymeric spacer
35 by thio-ether bonds.

i 22. The substantially purified compound of claim 21
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cyst ei nevoraaticRd a accessi m mm!‘ pegyl ating reagent, andpmgéoﬁu?ed

cystei ne nust not SI rfere wwth the active site of: the ~
polypeptide. The se tial sjtes within a given, pﬁiypeptade k‘g\g
for the |ntroduct|on of a non-native cysﬁélne can be |nfluen¢ed baswd~one %

various sources of ,inforpmation. FEar op t es may ‘bve a
good site forwéeﬁﬁ§ﬁ|9¥§ d e ERTAE™ 35 see£%§%?%|§9fg19'%%§a%§ ent that
i nformat i on i griou@sn Rgbant Rhexs pdirgodr saddi vaisresher PREApol ypepti de,

t hat |nfornat|on can also be used to select potential nmuteins. The addition

or substitution of a cysteine .
23, The substantially purified ccmsound of claim 1 .

‘5 wherein said polypeptidic binding grcoups are attached
to said non-peptidic polymeric .spacer via a cysteine -7

residue.

24. The substantially purified compound of claim 23
10 wherein said cysteine is not native to the naturally
occurring polypeptidic binding group.

25. The substantially purified compound of claim 1
wherein said compound has biological properties
15 distinct from those of R; and R, alone.

26. The substantially purified compound of claim 2
wherein R, and R, are receptors.

. 20 27. The substantially purified compound of claim 2
wherein R, and R, are receptor antagonists.

28. The substantially purified compound of claim 2
wherein R, and R, are binding proteins.
25
29. The substantially purified compound of claim 2
wherein R; and R, are selected from the group -
consisting of receptor antagonists, binding proteins
and receptors. -

30
30. The substantially purified compound of claim 1

wherein R; and R, are biologically active portions of

proteins selected from the group consisting of:

interleukin-1 receptor antagonist, 30KDA tumor necrosis
35 factor inhibitor, IL-2 receptor, and CR1.

31. A substantially purified compound of the
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reéLdUe %t.the am no—termmus—or—carboxyl term nus of the RQ | | S
al so a WXBAI62Rlospect because of its location. And finall &&ﬁggmiﬁ on

-~

of .’ ysi ne residues tHw mﬁlu ” mms consi dered based on the assunption
that lysines will ge K on thg surface of the b QfmOrralty—-
active pol ypeptide. Although a variety of/Potential nuteins fcan p'%ﬂéﬁtﬁﬁm

for a given polépeptide that may neet the desired charact eri'st6s, LAGED

only through tR@*BPARNEBsTE Rp¥EyiF&tfon and testing of such altered
R, and R, are polypeptidic groups that are

proteins or biologically-active pozTicns of proteins
selected from the group consisting =f interleukin-l
5 receptor antagonist, 30kDA tumor necrcsis factor
’ inhibitor, IL-2 receptors and CR1;

X is a non-peptidic polymer sDacer selected
from the group consisting of: polyetizvlene glycol,
polypropylene glycol, polyoxyethylated glycerol,

10 dextran, coloni¢ acids, poly B-amino acids, and
carbohydrate polymers, and |

R, and R, are covalently attached to X by thio-
ether bonds.

15 32. A pharmaceutical composition comprised of an
effective amount of the substantially purified compound
of claim 1 in a pharmacologically acceptable carrier.

33. A method for treating medical indications
20 wherein patients in need thereof are administered the

pharmaceutical composition of claim 32.

_ 34. A method for the preparation of substantially
! _ purified therapeutically-valuable compounds, comprised
25 of the formula R,-X-R,, wherein R, and R, are cysteine-
containing polypeptidic groups and X 1s a non-peptidic
pelymeric species comprised of:
reacting a non-peptidic polymeric group having
P at least two reactive groups capable of forming thio-
30 ether bonds when reacted with cysteine amino acid
residues with a cysteine containing polypeptidic group:;
isolating and purifying said compound.

35. The method of claim 34 wherein said

35 polypeptidic group is selected from the group
consisting of: interleukin-1 receptor antagonist,
30kDa tumor necrosis factor inhibitor, interleukin-2
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myY@i9R4162 i t be known et the objec{P§%g0% t he
present i nvent | on l““lm l'gmnuuﬂhuml nvent | on and the general skill and
Knomﬁedge of those s s¢gh synthesis, pegylation and ’
Lestlng can be performed w thout undue experlnentatlon It should he.noted,
that even if theg atdn @f1 a pol ypeptide acts to reduce‘thewbiaF@guﬁaLﬁN,
act|V|ty of a pol peptlde to a certain extent, the |nprovenent i nAEHeCED ;
pharnacoklnetlc per f ormance of the polypept|de may greatly increase the ™ -—-%
val ue of the mgfjve pehypppthdd bd claim 34 wherein said non-

peptidic polymeric group is comprised cf a polymeric :

5 unit selected from the group consisting of:
polyetliylene glycol, polypropylene giyesl, -

polyoxethylated glycerol, dextran, co

'l
-
3

cnic acid, poly
p-amino acids and carbohydrate polymers.

10 37. The method of claim 34 wherein said non-
peptidic polymeric group is bis-maleimido polyethylene
glycol.

38. A method for the preparation of substantially

15 purified therapeutically valuable compounds comprised

of the formula R;—X-R,, whereih R, and R, are different,
comprised of:

reacting &2 non-peptidic polymeric group having
at least two reactive groups capable of forming thio—

20 ether bonds when reacted with cysteine amino acid
residues with a cysteine containing polypeptidic group
R, to form a complex R,-X;
reacting complex R;,-X with a cysteine containing

polypeptidic group R, to form said compound:
25 isolating and purifying said compound.

39. The method of claim 38 wherein R, and R, are _ -
selected from group consisting of: interleukin-2
receptor antagonist, 30%kDa tumor necrosis factor

30 inhibitor, interleukin-2 receptor, CR-1

i 40. The method of claim 38 wherein said non-

} peptidic polymeric group is comprised of a polymeric

- unit selected from the group consisting of:

35 polyethylene glycol, polypropylene glycol,
polyoxethylated glycerol, dextran, colonic acid, poly
B-amino acids, and carbohydrate polymers.

{ ——
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vari ous thera eut i e—appH-eati-ons—Ypon sel ection of targep cﬁygg?ggﬁ??Ce

preferﬁﬁa for f the muteins is by reco

expre55| ng the gene Hmﬂg Em lll tein. Assunmi ng that theﬁgﬁe.mm_m\‘
for* tHe native polyp Li thg al tered gene may bg CHBESHERT HAS prEN
either by standard site specif ic nutagene5|s pr ocedur es 0n>JMi_JE@1§$$“ {
gene, or by thg const et bRl Lecaktar 8d grBe=by skaadabd-gene synt esis——!

procedures. These technioues are |eil knqwn tQ those of .or ry skill in
the art. The RPRCLEHF nEPIEReTHe TEVRI AR 1 e PoL Yot ns
glycol.
5 42. A substantially purified coxzpound prepared by

the method of claim 34.

43. A substantially purified compound prepared by
the method of c¢laim 38.

10 |
44, Native interleukin-l receptor antagonist
wherein cysteine residue 116 is covalently attached to
a non-peptidic polymer.

15 45. The native interleukin-l receptor antagonist of

clain 44 wherein said polymer is monomethoxy
. polyethylene glycol.

46. The native interleukin~l receptor antagonist of
| 20 claim 44 wherein twe native interleukin-l receptor
antagonists are bound t¢ said non-peptidic polymer.

47. 4 mutein of interleukin-1 receptor antagonist
. wherein native interleukin~l1 receptor antagonist is

* 25 modified to contain at least one non-native cysteine
residue.’

48. The mutein of claim 47 wherein said non-native
cysteines are found at amino acid residue sites

30 selected from the group consisting of 0, 84, 6, 8, 9

! : and 141.

49. The mutein of claim 47 wherein the cysteine at
position 116 of native interleukin-l receptor

§ 35 antagonist is replaced with another amino acid residue.
I

i

50. The mutein of clzim 47 wherein at 13&5; one

| T R
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expresw@jgz/mﬁlvarl m! &H mﬂ systems i ncl udi ng RERHVSINRIZXt and

bacterial systens. at expression systens have been
perfected for the e native pol ypeptides, the [Sapg syst:
may be used for the targea nue0|ns | n7¢he preferred enbodlnenf"oﬁ\ ;
present invention, the genes codlng for the target nuteins are- preduceduﬁyh.”j
site specifi cyskeipactssidne the FA VA Goh & LRI AH 3 O RRBHIHE t he

nmutein is ex @ﬁfﬁ@rfron}a bacterial expression system The gene encoding
native IL-l1ra and a nethod for expressing said gene in E. Ccli is described

in detail in United States Patent No. 5,075,222 of Hannuma )

' S51. The mutein of claim 49 wherein 2t least one of -

---.,,.—‘..."
r —

R R

5 said non-native cysteine residues is ccvalently
attached to a non-peptidic polymer. .

52. The mutein of claim 47 wherein two muteins are
bound to a non-peptidic polymer.

10 .
53. The mutein of claim 48 wherein two muteins are

bound to a non-peptidic polymer.

54. A mutein of 30kDa tumor necrosis factor
15 inhibitor wherein native 30kDa tumor necrosis factor
inhibitor is modified to contain at least one non-

native cysteine residue.

55. The mutein of claim 54 wherein said non—-native
- 20 cysteine is found at amino acid residue sites selected
from the group consisting of 1, 14, 105, 111 and 165.

S6. The mutein of claim 54 wherein at least one of
said non-native cysteine residues is covalently
25 attached to a non-peptidic polymer.

57. The mutein of claim 54 wherein two muteins are -
bound to a non-peptidic polymer.

30 58. A method for the preparation of
therapeutically- valuable polyveptides having en
increased apparent moleculzr weight comprised of: .
altering the gene coding for said polypeptige
by site directed mutagenesis to create a gene coding
35 for a mutein of said polypeptide containing at least

one

non-native cysteine residue:; .
- This Sheet Has Been Replaced
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et al.]
| nhi_bi t,oWCh%Wsziet hod
detail, in United

filed July 19, 1990. E
this reference..

i nventi on include aIIeI|£b

e WVY 2T de M o7 W

SIANTLLLY  LaldMY

J ssued Decenber-24,—1991t—The gene encoding native

for expressing said gene
ARG

var |
ressi

expression system:

purifying said expressed
refolding said mutein in

in E. Coli

F&F@é%lga

'r_lv'a-/ vv:

ion Serial Nu 7’rff
is |ncorporat§ hﬂgﬁﬁrf )

The nut ef ns” and pegylated'ﬁhterlals of the pr

fﬂé‘é&id'}féyieq gere in a bacterial

=utelin

t»2 pdresence of a

5 sulfhydryl-containing compound:
‘ reducing said refolded mutein with a mild
reducing agent to free said non-native cysteines; and
reacting said mutein with a noa—-peptidic
polymer group containing an activating group that is
10 sulfhydryl specific.
{
[
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protei ™ sequence (sequence variations due to natural varlablllty from
|ndLV|duaI .10 |nd|V|dua[) and substantially GQUTva|eﬁL'pP0telﬂ$,}rgh; s e
Substantlally used throughouf t-he - spe0|f10ath@n andy;of ahps
is defined to rlﬂmnm lu E‘a very g_h degree of afi f0 ACT U TESt-ehe i -
horol ogy (See gener all vy hof f | Ias of Protein SdauenddM&NDED
Structure, vol. 5, p. 124 (1972) hbtlonal Bi ochem cal F@searqﬁ ation

vashington, D.C., specifically incorporated herein by ré wel
as possessi ng ¢OHpEMSD| e bi ol ogical activity. Also included Wthin the

scope of this inventdofs@dfrsd R Pudtd e evhabadaRob¥PeRL! #88mula
Ry~X~Ry , wherein:

v v

Ry and Rgp, which may be the same or different, azre
5 polypeptidic groups; and X is-a non-peptidic polymeri

spacer.

2. Compounds according to Claim' 1, characterized in

that each of R, and R, has a cysteine group through

which the X group is linked, which may be present in a

10 naturally occurring form of a polypeptide or a mutein
thereof in which the cysteine group has been added to,
inserted into or substituted for another amino acid of
the naturally occurring form.

3. Compounds according to Claim 1 or 2, characterized

15 in that the peptidic binding groups R; and R, are coval-
ently bonded to said non-peptidic polymeric spacer by
thio-ether bonds.

4.. Compounds according to Claim 1, 2 or 3, character-
ized in that R; and Rjp are the same or different and axe

20 receptors, receptor antagonists or binding proteins.

5. Compounds according to Claim 1, 2 or 3, character-
ized in that the naturally occurring form of the peptide
represented by each of Rq and R; independently is selec-
ted from the following:

25 IL-1 receptor antagonist, 30kDa TNF inhibitor,
40kDa TNF inhibitor, IXL-2 receptor, CR1 PDGF receptor,
IL-2, MCSF receptor, EGF receptor, IL-5 receptor, IL-3
receptor, GMCSF receptor, T-cell receptor, HLA~I, HLA-
II, NGF receptor, IgG (Vyg, Vy), CD40, Cp27, IL-6 recep-

30 tor, Integrins CR3, VLA4, ICAM, and VCAM, CR2, GMP140
Lec domain, Laminin binding protein, Laminin fragments,
Mannose binding protein, exon 6 peptide of PDGF, and

proteases. ‘ )
6. Compounds according to Claim 1, 2 or 3, character-
35 ized in that R; and R,y are muteins of IL-1 receptor
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-that are partially truncated versions of the hative polypepti-de. In one
eferred enbodi nent of the nethod of the present Fnyention, mwhen t he

pre -
croess on ML, cococs o, BBrvermese’ o ;;Tgé;}é;;“g;géél@ ._

for the target ‘muteih i created by site directed nutagepesis

-

4]
q

coding for the native pol ypeptide; 2) The gene coding t-he—target -
mutein is expr ri S 1 3 The t aLget .
muteinis i Solﬁgﬁg?nigt gﬁﬁb% "‘%JF %}B{fb %o(%n s.)is fn;r.Lec ptor 8&1, .

modlfled_to contaln at least one non-native cysteine
residue.
7. Compounds according to Claim 6, characterized in
5 that: o
(a) R; and Ry are IL-1 receptor muteins having a non-
native cysteine residue at at least one of the sites 0,
84,.6, 8, 9 and 141;
(b) R; and R; are 30KDa TNF inhibitor muteins having a
i 10 non-native cysteine residue at at least one of the sites
1, 14, 105, 111 and 165;
(c) Ry is the alpha form IL-2 receptor and R, the beta
form;
(d) Ry and R, are groups which impart to the claimed
15 compounds biological properties distinct from those of
R; and R, alone:;
or
(e) R, and Ry are biologically active portions of pro-
teins selected from the following: IL-1 receptor ant-
20 agonist, 30kDa TNF inhibitor, IL-2 receptor and CRq
8. Compounds according to any preceding Claim, charac-
terized in that the polymeric moiety of the polymeric
spacer X is of polyeﬁhylene glycol.
9. Compounds according to any one of Claims 1 +to 7,
25 characterized in that the polymeric moiety of the poly-
.meric spacer X is of polyethylene glycol, polypropylene
glycol, polyoxyethylated glycerol, dextran, a colonic
acid, a poly-beta-amino acid or a carbohydrate polymer. -
10. Compounds according to any pvreceding Claim for use
30 in therapy.
11. A pharmaceutical composition comprising a compound
according to any one of Claims 1 to 9 in a pharmacolo-
gically acceptable carrier.
12. A method of preparing a compound according +to Claim
35 3, characterized in that an X group-providing non-pepti-
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bacteria and purified; 4)
of @yster ne or anot her squJ:rydryI

et TR e S

10

15

20

25

30

35

ey vvY TR Avew T e .
-t

6) :The purlfred aﬁd refolded

dic polymeric compoundgd, haviﬁg at least two reactive
groups capable of forming thiocether bonds when reacted
with c§§feine amino acid residues, is reacted with R;
and Ry group-providing cysteine-containing
polypeptide(s) and -in that the compound prepared is
isolated and purified.

13. A method according to Claim 12, characterized in
that Ry and R, are different and the Rj-providing poly-
peptide is first reacted with the X group-~-providing
polymeric compound to form an intermediate complex Rj-X,
which is subsequently reacted with the R, group-provi-
ding polypeptide.

14. A method according to Claim 12 or 13, characterized
in that the R; and R, groups are as defined in any one
of Claims 1 to 7 and/or the X group is as defined in
Claim 8 or 9.

15. A method according to Claim 14, characterized in
that the X group-providing polymeric compound is bis-
maleimido polyethylene glvcol.

The target ntizein is refolded in the presence
contarnrng conpound; -5) ,~“The!refol ded

—

16. An interleukin-l (IL-1) receptor antagonist, char-
acterized in that ome or two molecules of native IL-1
receptor antagonist are.covalently attached to a mole-
cule ©f a non-peptidic polymer through cysteine
residue(s) 118. )

17. A mutein which is (1) an antagonist of interleukin-
1 (IL-1) zreceptor or (2) 30KDa TNF inhibitor, each
modified, compared with the naturally occurring sub-
stance, to contain at least one non-native cysteine
residue. -

18. A& mutein according to Claim 17, characterized by
feature {(a) or (b) of Claim 7 or in that the cysteine
rasidue at position 116 of native IL-1 receptor antagon-
ist is replaced by ancother amino acid residue.

19. A method for the preparation of therapeutically-
valuable polypeptides having an increased apparent
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7) The reaction mixture is dialyzed in the absence ‘of "exygdén’’ and 8 )
The di'al yzed reactlcn nkture is treated with a Long-chatn polyne: <

cont ai ni ng an In the preferfed enbodi ment ‘for "t he
producti on of w ngns of *3kDa TNF i nhi bitor, the mdsg Fadiicinyg
agent is dlthIGt kelt In an alternate enbodlnent KERe.cEn i
nodi fi caron nmay occur prlor to the refol ding of the expressed protei m-or-

nmutein. In.the phpbehled wahaskt Ridorakethespresent invention, the pegylated

mut ei ns and pegyl at ed 'It’]:a;[rll\xllg the gene coding foxr said polypeptide by

»r wy

site directed mutagenesis to create a gene ceding forx a
mutein of said polypeptide containing at least one non-
S native cysteine residue: o -
expressing said altered gene in 2 bacterial expres-
sion system:
purifying said expressed mutein;
refolding said mutein in the presence of a sulfhy-
10 dryl-containing compound;
reducing said refolded mutein with a mild reducing
agent to free said non-native cysteines:; and
reacting said mutein with a non-peptidic polymer
group containing an activating group that is sulfnydzryvl
15 specific.

20
25 %
¢
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pol ypepT\ (29%/1 y be purified and formul ated i nto phar maceuPCTAISS2/02122
conposi ti conventional nethods. In an alternate enbodlnent t he
purified nuteins may al so be fornmul ated i nto pharnaceuti ronnositions -
The pegyl ated pol ypeptides of the pr¥&tht invention for dﬂbyﬁmheHAeggg

of a deactivated |long chain polyner unit have addi ti onal_ben@:rriain
properties. These "dunbbell", shaped nol ecul es can contain two of the—-
pol ypeptides of interest attached by a single polynmer unit. This structure
i nposes a certain anount of linearity to the polyneric nolecule and reduces
sonme of the steric hinderance inherent in
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the use of large hydrophilic polymers such as polyethyleﬁﬁﬂyN§§3ﬂnr¥ﬁe goa
of obtwnmzmgsml ecules with increased apparent nol ecul ar weight is achieved

I ncl uded speci fical Iy wi t-hi-r-t-he
Scope of this invention are bidentate nol ecul es where two IL-Irg nnlecufes
or two TNF inhibitor nolecul es arezgeeal ently attached to ‘a- si-ngle ~

or where two different polypeptides are attached to a

whi | e retaining high biological

pol ynmeri c chain,

single polyneric chain, i.e.

activity.

, a single bidentate nol ecul e containing both a

TNF inhibitor and a IL-Ira noiety. Native IL-1ra (figure 1) and various

nmut ei ns of
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IL-Ira.ﬁﬁy@Q,hggm pegylated accordlng to the present Eg@¢uéy1,
Pegylation of wild type IL-lIre at sul phydryl groups, by t netho

described in the exanples below, results in the addition of nPEG at the
cysteine residue at position 116 of3)tglra (cl16). The other three
cysteines are not accessible for pegylation in the fully native nolecul e.”
To attch nPEG nol ecules at different sites of IL-lra and to nmake nPEG
conj ugat es having nore than one nPEG IL-lra in which
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natlve ankgf f@é%g in lL-ira were replaced with a cysteine, ptradssisopnal
cysteines g ed at the am no-term nus of the protein. To prepare

conjugates in which residue 116 is not pegylated c116 has been changed to a

serine in a nunber of the nuteins. Belowis a list of the mutﬁg!@ oy ave
been generated for reaction with nPEG (4428 r esi due nunbering gg ,a% N
the sequence given in Figure 1; c referring to cysteine and *s—+e¥=~er-r—+
serine): cGCsl 16 cCcll6 C84s116 c84c116 c6s116 060116

FIG.48

FIG.4A
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€8s116 wg 92/1622¢8c116 c9s116 c9c116 cl41sl 16 POYYERI/081Mat | ve
3CkDa TNF inhibitor (figure 2) does not cdntain any free cysteine residues.
The followi ng muteins of 3CkDa. TKF inhibitor have been prepared (the -
resi due nunbering is based on the sequence given in Figure 2; c referring
to cysteine): cl10b 3CkDa TNF inhibito¥2® 30CkDa TNF inhibitor c14 30Da TrNF
I nhibitor clll 3CkDa TNF i nhi bitor

FIG.5
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0161 30k i bitor Included within the scope of this invention is an
entire c%‘ggy}:o!ﬁ%ggrmounds as depicted in Figure 19, that c®ETHESS2/02122
represented by the formula Rlerr]-X-R2 wherein Rlerr] and R2 are

bi ol ogically active groups and at | east -27- one of Rlerr] gnd-Rlerr] is
pol ypeptidic, and is a non- peptidic polymeric spacer or |inkerTHg¥ BUERT HAS 111~
Rlerr] and Rlerr] may be the sane group ad/different. \Were JHEiﬁgﬁEgzgguh
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are di f ¥R 1¢28ups, both Rlerr] and Rlerr] may be pol ypeCHUSSza21R my
be polypentidic and R2 may be any biologically active group. The contounds
having this structure, which have been refnred to as "dunbbel |" conpounds,

are characterized by being substantially purified. 'SubstantialTy ™ -~ -~=-- ..

purified" in this context is defined asif&#l ng a honogenous conposition. A
honmogenous conposition consists of one nolecule of the |linker X and one

nol ecul e of R, and one nolecule of R err]. A honbgenous conposition

i ncl udes, but does not require, that the biologically active grouDs
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Rrerr] .and Rl err] be attached to the linker at the exact

: : S8 fRERPN ON
the grguossigrzeach nol ecul e of the conpound. In certain enbodi nents of the
i nvention,

the biologically active groups are attached site specifically to.
t e 14 nker. For exanple, in the conpound c10S 30kDa TNF i nhj hiHi©EHEET HAS BEIN
PEG err]db, two c105 3CkDa TNF inhibito&wgroups are attachegl at tREPLAOSD ;
cysteine residue to the PEG3. |inker. & referring to a "HONDYENOUS
conposition” it is to be understood that on a nol ecul e-by-nol ecul e basis

t he dunbbell conpound is al so not necessarily honbgenous with respect to
the exact length of the

t
3
35.0
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FIG.8
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time, hodrs

0.0

et Has Been Replaced

T

Received Time 23 F Drint Time 23. Feb, 11:58



Win? k! OV - e — o s P —————

spacer group. It is understood by those skilled in the art that any o
produ¥€: ¥d1e42dcess that utilizes a given weight range of‘?@%?%?ﬁérh :
higher'nDIecuIar wei ght polymer begins with a solution that contains an =~ -°
"average" nol ecul ar wei ght. Therefore, when a bis- reactive PEG unit- TS‘:H, ,
reacted with a pol ypeptidic group3/eRe PEG unit is by definition =, =t
pol ydi sperse, and the resultant dunbbell conpound is heterogenous t.o the

extent that the length of the linker is subject to the variation known to
exi st by those skilled in the art.

MW STARTI5S 6 I7 18 19 20 2 22

FI1G.9 .
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In sunnﬁry, "substantially purified" in this context. refergctqmygiihal s
t hat ar WK 1643 al |y free from conpounds: 1) that deviate in the

conposition of Rlerr] or [err]; or 2) that are |inked together bv:gﬁ#emLhanm“““
one linker X. Rlerr] and Rlerr] are defined as being biol-ogi cal Iy QCtTET HAS nex
groups. Biologically active groups inq%wg% any conpound t hat c dp—i-ndRER-ALED

bi ol ogi cal effect on interact with a natural biol ogical nolecule.

Bi ol ogi cal ly active groups include proteins, polypeptides, steroids,
car bohydr at es, organi c species
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bi ol ogically active species. At |east one of the groups Rerr] and Rierr]
both Rlerr][ and R err]. _are_

i's pol ypepti dic.
pol ypepti di c.
pr ot ei naceous in nature.
non- pepti dic el enents.

In the preferred enbodi nent,
Pol ypeptidic is defined as, an

However,

For exanpl e,
synthetically nodified proteins are included within the definition.
biologically active groups R err] and R err]

targeting groups. Binding groups

conpound that i
idic group nay contaih 'Sene>
gl ycosyl ated pol ypeptides or =~ = °

a poly

The
i ncl ude bi ndi ng groups and

2500

_1 2000 r *"’*\

& f Y

- !

)]

o
.. o 1500
!\'Z . e
| Tr
4 :

o 1000
. =3
i W
% «
o 500
i
| ..

time, hr
FIG. I
5 This Sheet Has Been Replaced
SUBSTITUTE SHEET

’ Received Time 23. Feb, 12:05 Print Time 23, Feb, 12:25

| St'subst-antiaaldiys -

s



o dhaihgh i b J i AVow At
. ot twanrr

are defi Qgg 2¥ %gei r affinity for a given biological ligand. . Targeting

groups ar R CREETAT by their ability to direct the | ocati on GFCRUSIIHEXR

wi thin®a biological system Rerr]. and Rerr] may have affinity for the

sane ligand, in which case the dunbbell may have enhanced af fipity to that
ligand . Rlerr] -and Rerr] nmay have an affinity for different iT@ﬁdﬁﬁéﬁm‘i%
wherein R err] serves to target the conpl eX2/200 a | ocati on whefe th@EP{‘ACm‘) *EER
ligand for P[err] predomainates. Preferred pol ypeptidic groups are - —
receptors, the extracellular portions of receptors, cell surface nol ecul es,

and extracellular matrix nol ecul es, binding

-

50
43 I
—40r
=" ® 20Ug TNFlmouse
S35 [ O 10 ug TNFimouse
g R x saline injection
w
ey’
> 251
.u:j e
-
© 207
= 15 F
he
<L b
s 07
& -
2
o x * .
65 i " I — 1 ) AT A " L} - L : -
o + 2 3 &4 5 & 7 8

HRS. AFTER INJECTION

FIG.12

This Sheet Has Been Replaced

AmA

Received Tipe 23. Feb, 11:42 Print Time 23 Feb, 11:58



Vibn/ Sain’ QW - v S WPV TEI AW

pr ot ei ns W@ A&/ 16@Zkept or ant agoni st s. Included anong t he polwﬂﬁpuEBEHEQZDups
that nmay be used as R err] or Rerr] are -29- the follow ng pol ypeptides
and any fragnment thereof: IL-1 receptor antagonlst 3CkDa TNF-i ni bitor,,.:

40kDa TNF inhibjtor, 11-2 receptor, CRL (al] references to CRL i ncl ude- any"

singl e or conbination of roMSENMSUS™TEpPEar Sequences of CRT T PDGr
receptor, IL-2, MCS recgpFor EG- receptor, IL-5 receptcr, IL-3 reéceptor,

—n

(V)
T

PLasma 1.6 Levels{lg/m!)

i 21 251 5 104
Ratios of CIO5: TNF
FIG.BA

10

Plasma IL6 Levels{ng/ml)

————
n

) e o

W
0:1 oxz 21 5:1 100

Ratios of C105 PEG 2K Dumbbell - TNF

FIGI3 B
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GVCSF receptor, T-cell receptor, HULA-I HLA-11, NGF receptor, 1gG (Vferr],

V,), CDWE 926721 | L-6 receptor, Integrins CR3, VLA, , |CAM PERAUSAZANRI2CRY,

GWPl 40«Lec domai n, Lami nin binding protein, Laninin fragnents, Mannose

bi-ndi ng protein, axon 6 peptide of PDG-, and proteases (wthg2-ecatalylic
donmains or a target domain and a catalytic domain). Al refe eﬁ€§§HEETHASHr1\
receptors-includes all forns of the recepiA#d whenever nore than_a %ﬁ-"ngmv L,
formexists. In the preferred enbodi nents, the groups R and R are I
sel ected fromthe group consisting of IL-1 receptor antagonist, 30kDa TNF
inhibitor, CRL, and IL-2 receptor (both the a and [err] chains).
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In a preferr odi ment, the non-peptidic polyneric spacer X may be :
further aﬁ‘?%‘ﬁ&égg’g follows: X [err] wherein Y[err] and Y[erPFEfu§méessnz t he
resi due of activating groups that react with Rlerr] and Rerr] to link the
spacer to the groups Rlerr] and Rerr]., and (Z), represents the'base /7. ., .,
pol yneric group: According to the present jnvention nis greater than 6 and
preferably is greater than 10. Non- pept i'3/% s defined as a pol ynmeric group '
that is substantially not peptidic in nature. The inclusion of |ess than

50% by wei ght of a-amino acjid residue as part _of Y.. Y[lerr]l and Z would be

C(?I’lSi dered MW SALINE
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subst ant igh by fgegy peptidic in nature and woul d be consi der egcipisPRBRi1Al C-
In the preferred enbodi nent, the non-peptidic spacer X is non-inmunogenic,
and bidlogically inert and hydrophilic. In addition, the preferred |inkers
are capabl e of conveying desirable properties to the biol og"i G:’BiSlS{%jmt}EA\éﬁgmnj

pol ypeptidic groups -- such as reduced igpagnogencity, increased REPIHPED
solubility, or reduced clearance rate fromthe body --

30 : — W sanE
i TNF-a{Z5ng)
; EHOKACEENF~g (1:1)
o0 - b PAOKGOSTINF ~0{10:1)
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wi t houtW@isgmieZRtant |y reducing the affinity of a given orpBfeosd2/0p2oup to*
its ligand- In the nost preferred enbodi nents, the coanpound

Rlerr]-X-Rlerr] (wherein [err] and Rlerr] and Rl err] are binding groupss) .
has an affinity for its |ligand that exceeds the affinity tlhat:the-inon:.., ;. .
derivitized binding group has to the 1igand. For exanple, sub-stantially
purified Cl 6 3CkDa TNF i nhibitor PEderr]db has an inhibitor activity for
TNF that is greater than 20 tines the inhibitor activity that c105 3CkDa
TNF inhibitor has for TNF. The activating groups Y[err] and Y[err] that are
part of the polquékﬁxigacer X may be conprised of any of the

10000 ¥
' .Eg;. ~v.
g \.3
Y N 1%

plasma TNF-Inh, ng/mL

time, hr

FIG. 16
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ac?ivating groups as di scussed above, including the maleim
suI fhydrwogeaegzi thiol, triflate, tresylate, aziridine, ??g%@é’ﬁezuz
S<pyridyl. The preferred actsivating groups are nalelnrdes The polyneric

group (Z)[err] is preferably selected fromthe group consifSTHBRGHEET HAS BEFN |
pol yet hyl ene gl ycol, pol ypropyl ene glycol_  polyoxyethyl ated gl yc&erlACED

dextran, poly [err]-anmino acids, colont %/%%ids or ot her carpohydrate

pol ymers and pol yners. of biotin derivatives. In the preferred enbodi nents,
the polyneric group is polyethylene glycol. Any non- peptidic polyneric
group that woul d serve the functions

2500

2000

~1500

plasma TyF—Inh ng/mL
S
<

time, hr

FIG.I7
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as descPP&1ftein woul d al so be included within the scofCHUSER03122

i nvention. One of the advantages of the present invention is the ability to
vary the distance between the groups and R2 by varying the length of the *
pol ymeric group linking the two bindgggb@roups. Al t hough not liaited by
theory, it is proposed that the incredsé in biological activity seen for
the nmultineric conpounds of this invention nay be attributed to the:. -~ ¥
mul timeric nature of the cell receptors and liganads in vivo. For this
reason, the optinmal distance between the units R err] and R err] (which
woul d be generally directly proportional
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-3 1. to the length of the polymeric unit (Z) may be easily determ ned by
one skinld@gsA2 the are by varying the size of the spacerPGI/7US¥2412322
e{rbod4 nment of the present invention, the groups Rlerr] and Rl err] are the
sane.: However in an alternate enbodi ment R and Rlerr] are .dliffferent”
speci es.  Such conpounds can be designed to create a heterodiner V\/ner ei n.
both R, and Rlerr] act within the284A2® general

FIG.1S
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bi ol ogi cal systens. For exanple, both IL-1 receptor antagoni st and@ﬁﬁﬁZZQ,J
i"'nKi-bi-t.ors are believed to disrupt the inflammtion cascade. The

speci es that "directs" the conplex to a specific location by
affinity to a certain substrate, andithe opposing binding gfoup has a

desired activity at the |ocpEgYeaTIoNeorABGRXREPEEDES a het br pdDeMARHED7
has great potential for being a successful IL-2 inhibitor i§ pne where Rl

is IL-2r[err EXEEM RFe/E INVUITAINrr]. Such a heterodinerjmmcs the

' difunctional conpléxes may al so be designed where Ror R i}p &p&ggwﬁngﬁg
-S5—-Bi-Reh-Rg

receptgr conpl ex thaﬁhfésiﬁbgntion relates to Declypeptides tirat

. have been covalently beonded to lonrc c¢hain polymers such
as methoxy polyethylene glycol. This invention also

. describes methods and reagents fcr the reaction of
activated polymer molecules wifh varicus bioclogically-

important polypeptides.

BACKGROUND OF THE INVENTION

Many proteins that have been identified and
isolated from human and animal sources have been found
to show promising medicinal or therapeutic potential.

Great strides have been made in the methods for

identifying and characterizing such proteins, in

addition to methods for producing such proteins in
relatively pure forms and relatively large quantities.
As the development process advances in relation to the
utilization of such potentially valuable materials,
many obstacles have arisen in formulating these

conpounds for use in clinical medels. .

For example, many such proteins. have been found
C . to have an extremely short half life in the blood
serum. For the most part, proteins are cleared from
the serum through the kidneys. The systematic
introduction of relatively large quantities of
proteins, particularly those foreign to the human
system,fﬁan give rise to immunogenic reactions that,
among other problems, may lead to rapid removal of the
protein from the body through formation of immune
complexes. For other proteins, solubility and
aggregation preoblems have also hindered the optimal
formulation of the protein.

One of the most promising technigques for
addressing these problems has been covalently bonding
one or more inert polyﬁer chains to the polypeptide of
interest. The most commonly used polymer is
polyethylene glycol (PEG), or monomethoxyl polyathylene



higpest affinity for M-2. See Exanple XVII. An additional heterédihér“thak :
can act “as ‘a conplenent inhibitor is the heterodi ner where R[err] is the =~
C3b binding domain fromCRerr] and Rlerr] is the C4b blndlng dOﬂ@kﬂkff@ﬁw
CR1. See Exanple XVIIl. In an additional -heterodi mer Rlerr] i's ithe exon 6
peptide of PDGF and Rerr] is IL-1ra. See Exanple XIX. In the ﬁréferred ----- S
enbodi nent of thcohvempzem, t Beepr sSoederesple; Peviscengalhg blfunctlonal :
Rlerr]-X-Rerrg gg;--«-s gL omas ent bah 4ol e 830E,231LN958 used for the =

site-sel ective™ r-' ] of ~ POl YPEPL T OES _as descriped apove. The synthesis
of c¢105 30kDa Jijﬁﬂ'ce ticals Tor Biomedical lise, pp. 441-451 (1980).

PEG is ideal for these purposes due to its proven non- -
toxic properties. Other researchers have utilized
polyoxyethylated glycerol (PoG) for similar purposes. -
Knauf et al., J. of Biolog. Chem. vol. 263, pg. 15064
(1988). | |

Numerous results have been described whereby
the covalent modification of proteins with polyethylene
glycols (“pegylation") have resulted in the addition of
desirable characteristics to the protein. For example,
the pegylation of IL-2 has been shown to decrease the
clearance of IL-2 while not significantly affecting the
activity of the cytckine. The decreased clearance
leads to an increased efficiency over the non-pegylated
material. Katre gt 21., Proc. Natl. Acad. Sci. U.S.A.
vol. B4, pg. 1487 (1987).

Increasing the half-life of Superoxide’
Dismutase (SOD) in blood serum has been a critical
barrier for the use of SOD for the treatment of various
symptoms. A number of studies have shown that the
pegylation of SOD will give rise to a decreased
clearance rate. See, for example, Conforti-eﬁ al.,
Pharm. Research Commun. vol. 19, pg. 287 (1987).

.Aqgregaticn of Immunoglobulin G (IgG) has been
postulated as a factor that leads to sericus side
effects to patients that are intravencusly administered
IgG. It has been shown that the pegylaticn of IgG
reduces the aggregation of the proteins toc prevent this
problem. Suzuki et al., giggngm*_gggggggﬁ_aggg val.
788, pPg. 248 (1984).

The ability of pegylation techniques to affect
protein immuncgenicity has also been shown. Abuchouski
and cowecrkers have studied the immunogenicity and
¢irculating life of pegylated Bovine Liver Catalase.

Abuchowski et al., J. Biol. Chem. vol. 252, pg. 3582



|nh1b|th PEJerr]db is described below in Exanple 13. A bis=reactive. . __
pol yreri‘c grout is reacted with a cystei ne-contai ni ng ponpépt#de;gmhere :
the activating group on the bis-reactive polyneric group forns g tRt O 2
et her bond with the selected free cysteine residue. As descslbed above t he

i

cysteine may be a free cysteine -32- pgturally-occurringfop ffetias w07 | f
pol ypeptidic group or a non-native cysteine that has been added or_m_mmww_j |
substituted (1977) . : E ;
D i J

The addition of PEG groups tTo these various
proteins decreases clearance due tc the increase in
nolecular size of the pegylated pzctein. Up to a

" certain size, the rate of glomeruiaxr filtration of
proteins is inversely proportionzl ts the size of the
protein. The ability of pegylation to decrease
clearance, therefore, is generalliyv =mot a function of
how many PEG groups are attached tc the protein, but
the overall molecular weight of the altered protein.
This has been borne out by clearance studies that
varied both the size of the PEG side chains and the
number of PEG units bonded to IL-2. Katre, supra.

The various studies of pegylated proteins in
relation to clearance, immuncgenicity, aggregation and
physical properties all suggest that the PEG forms a
flexible, hydrophilic shell around the protein. The
PEG chains become highly hydrated and give the
pegylated proteins a higher apparent molecular weight
than would be yredicted, and act to shield charges on
the protein. T

Because of the many promising results that have
been seen in this iield, a catalocgue of procedures for
the attachment of PEG units to polypeptides has been
develcpéd. The key element in these procedures is the
Hactivation™ of the terminal~OH greup of the
pelyethylene glycol. Such activation is necessary in
order to create a bond between the PEG group and the
polypeptide. The vast majority of coupling procedures
activate the PEG moiety in order to react with free
primary amino groups of the polypeptides. Most of
these free amines are found in the lysine amino acid
residues. '

In general practice, multiple PEG moleties are
attached to the proteins. For example, in United
States Patent No. 4,179,337 of Davis et _al., it was
found that to suppress immunogenicity it is desireable



into the natural sequence. The preferred bis-reactive pol ymei iREPCADEENH oS HEET
t he” pregent invention is a-(2-maleinido)[err]-malein do pol}(gxyethytenes)

or bis-maleimdo PEG The synthesis of bis-naleimdo PEGis desgéigﬁg%b@
Exanpl e 12. According to the preferred nethod, the bis-nal eijmjd g 'J
is prepared from bi s-hydroxyl PEG via th&® bis- amino inter ate.  Several |
nmet hods for the conversion of_the tgrninal

_ hydroxyl s of PEG{to the
corr espondi ngFArtH% BFTIEEhatR BReS? IPEER EP%?E RRT Aele ©f pol e

Sci. Vol. 22 peiyp&adiddo84); Harris, Rev. Macronol .

Because multiple PEG chains are generally
‘bonded to each polypeptide, and because there are
typically a large number of lysine residues in each
protein, there has been little- effort to pegylate
proteins to yield homogencus reaction products. See,
Goodson et al. Biotechnoleqy, vol. 8, pg. 343 (1990):
U.S. Patent No. 4,904,584 of Shaw. This lack of
reaction specifity gives rise to a number of
complications. 2among these, are that pegylation often
results in a significant loss of activity of the
protein. Presumably, attachment to a critical lysine
residue could alter the active site of the protein
rendering it inactive.

It has been shown in at least one system, that
pegylation can lead to sterically hindered active
sites. In other words, relatively sméll substrates may
approach the protein, while the activity of profeins
that react with laxrger substrates can be-dramatically
effected by random pegylation. Davis gt al. supra.
The site selective pegylation of such proteins could
léad to modified materials that gain the desireable
attributes of pegylation without the loss of activity.

et In addition, if the pegylated protein is intended for
therapeutié use, the ﬁultiple species mixture that
results from the use of non-specific pegylation leads
to difficulties in the preparation of a product with
reproducible and characterizable properties. This

< makes it extremely difficult toc evaluate therapeutics
and to establish efficacy and dbsing information.

In certain céses, it has been found that the
administration of multimeric complexes that contain
more than one biologically active polypeptide or drug
can lead to synergistic benefits. For example, a
complex containing two identical binding polypeptides
may have substantially increased affinity to the ligand



Chem vol. C25(3), pg. 325 (1'985). This is acconpllshed by gen@ﬁakpng A e
reacti v& internedi ate via either sulfonation, hal ogenati on, of gx4daiLthQi.m :
t he hydroxyl followed by displacenment of the activated tern1nt by a

nucl eophile. Qther practical alternativessto the synthesis ofit heo 4 MAR K47
bi s-mal ei m de "PEG gi ven in Exanple 12 also exist. The react|Ve

|
i nternedi ate g_az_cg hergaonvierss; afw.tsle dmbquyldéuemmme, wk.y be tThe

halogenated d br y I.hyl ene) “;
i nternedi ate ?9 ﬁgﬁ? n‘(legéglddh %£ %ﬁ)}l’p o‘?il}‘ 222 J3 ‘7‘0))
fol | owed Science, vol. 254, pg. 102 (19%91)).

These crosslinked proteins -- constructed of

two polypeptide units and a portion of the IgG antibody
-- have been shown to have promise as therapeutic

agents. The crosslinked proteins have an increased
molecular weight, which acts to decrease the rate of
clearance of the complex from the bedy, in addition to
the apparent enhancement of the affinity of the
proteins to their ligand. However, the proteins
,crosslinked in this mannher have so far only been
prepared by expression in animal cell expression
systems by the expression of fused genes. This has
been reguired in order toc have the IgG portion ©f the
protein properly folded after expression. In addition,
the fixed heavy chain portion of the Igé antibody that
sexves as the spacer or linker between the polypeptide
units does not allow for the ability toc vary the
length, size or geometry of the spacer. Given the
apparent synergistic effect achieved by the dimeric
proteins, it is likely that by varying the spatial
orientation of the polvneptides the synergistic benefit
may be cptimized. And flnally, the crosslinked

- proteins may be antigenic and/or have decreased
solubility. The heavy chain of antibodies is not
biologically inert.

~0ther dimeric or "bivalent"™ complexes have been

described. One such group of dimeric compounds has
been labeled hirulogs. These compounds are comprised
of very short polypeptide units that are linked by a’
short pcly—glycine'spacer or linker. One of the
polypeptide units is a thrombin inhibitor -— a 5 amino
acid sequence taken from the 65 aminoc acid protein
Hirudin -- and the other is an anion-binding exocite
(ABE) recognition inhibitorxr. See, Maragonore gt al.,

Biochemistry, vol. 29, pg. 7085 (1990): Bourdon et al.,



by direct substitution wi th amoni a, (Buckmann et al., Makronol, Cheq1 “vol .
182, pg.” 1379 (1981)) or the aldehyde internediate (Harris,;: suprra_) ... The
bi s- matei m de PEG is not the only sul fhydryl-specific reagent t hat may be !
used. d ass and coworkers have devel oped anot her nethod for: the;attagﬁnent,
of PEGto sulfhydryls. dass et al J. Biopolynmers Vol. 18, py. 383 (1979) |
However, the reaction is reversible wthahiols. Another met hod—f-or—-—="""""
attachment of PEG to cysteinyl sulhydryls is the bis-4- V|ny|pyr|d|ne PEG __
derivative. FEBS vol. 294, pg. 163 (1991).

C-reactive protein (CRP) is an acute phase
serum protein composed of five identical 23kDa
subunits. CRP can induce reactions of precipitation
and agglutinétien and can also react with Clg to
activate the classical complement sethway. Cross
linked oligomers of CRP have been formed using bis
(sulphosuccinimidyl) suberate or 3,3’-dithioc
{sulphosuccinimidylpropionate) as cross-linking agents.
Jiang et al., Immuncologv vol. 74, »g. 725 (1991).

The formation of dimeric or bivalent ligands
for targeting opoid receptors has also been
invéstigatadl Non-peptidic f-naltrexamine or
oxywmorphamine pharmacophores have been connected by
shoxrt ethylene oxide or glycine spacers. Erez et al.,
g. Mgg, Chem. vol. 25, pg. 847 (1982): Portoghese et

al., . Med. Chem., vol. 29, pg. 1855 (198§).
Tetrapeptide enkephalins linked by short methylene
bridges have also been designed to taxget opoid
receptors, and have been shown to have a greater
selectivity and affinity for the delta receptor than
the original delta ligand. Shimohigashi et al., Nature
vol. 197, pg. 333 (1882).

The cell surface glycéprotein CD4 has alsec been
produced in multimeric forms through a sugar-based
cross-linking strategy. The cross-linking agent

. utilized was bismaleimidohexane (BMH). Chen et 21., J.
' Biol., Chem. vol 266, pg. 18237 (1991).
Lymphocyte function-associated antigen-3 (LFA-
~3) is a widely distributed cell surface glycoprotein
that is a ligand for the T lymphocyte CD2. LFA-3 with
its associated lipids forms protein micelles of eight
monomers which increased their ability to interact with
cells with CD2 on their surface. Dustin et al., J.

Exp. Med., vol. 169, pg. 503 (1989).
In a somewhat related technology, one group has

studied the inhibitory effect of a synthetic



-3 3- Harris (supra) also revises the synthesis of a variety
el ectrophilic derivatives of PEG that can be used as reagent$ 10 nDley
proteins. The reagents include chlorocarbonates, isocyanate %%B 7
succi ni m dyl bod|| d@g
and sul fonates. The latter group includegs-tresylate, tosylatp, -and

Sonme of the reagents react selectively wwth amnep (e.g.,

cyanuric chl gdugapeidartigat | 18 desipydded of a repeating

nmesyl at es.

oREPLACEMEM et

succinate, cyanuric chloride, m xed anhydri de, ¢a

i
]

pentapeptidyl unit. The polymer was synthesized by the

polymerization procedure with diphenyl phosphoryl azide

to a size of about 10,000 daltons. The polymerized
pentapeptide is onhe of the essential structures in
several bioclocgical responses. - Morata gt al., st. J.
Biol. Macromel. vol. 11, pg. 97 (1989).

A further obstacle in developing effective
exogenous proteins to augment or compete with

endogenous substances is that exogencus proteins nmust
be administered systematically rather than being
localized in the appropriate place. This can lead to
lower efficacy and to increased side effects. Several
groups have reported targeting bioactive proteins to
the appropriate sites by linking them to other proteins
that naturally home on those siteé. often such
linkages are made through gene fusions between the
active and the targeting proteins.

Polyethylene glyco1 spacer or linker units have
been used to create antibedy targeted superantigens
after the date of the instant invention. 2 monecleonal
antibody reactive to colon carcinoma cells was attached
to the baéteriél superantigen staphylococcal
enterotoxin. Rather than being designed to exploit the
benefits asscciated with the other bivalent complexes
(e.g., higher molecular weight; synergistic effects of
bhivalency) these complexes are designed to target
superantigéns to specific locations. The pegylation
process described'tg ferm these targeted superantigens
creates a complex containing a large mixture of
materials. The coupling of the antibody and the
superantigen was acccmplishéd by the use of N~-succin-
imidyl 3-(2-pyridyldithio) propricﬁ%te and a 24-atom-
long PEG-based hydrophilic space. According to this
procedure 7 to 18 spacers were attached to each
antibody unit and one or twe lysines on each of the
super antigens were reacted. Dohlsten et al)., Proe.

L's
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|



others react with both sulhydryls and auines (e.g., epoxi de | aRePLACEM
tresyl at’es). Some of these reagents have been used to nodify Proterng ang
may result in varying -degrees in loss of activity. The preferr O sian cons |
preparation of Rlerr]-X-Rlerr] conplexes where Rlerr] and REei%r?"’éiﬁé‘:""dWy _
ferent requires a two step process where the bis-reactive pol VABLi-Cgroup-. .
Is reacted in series wwth Rerr] and t ’@T R2. The preparation of such

het erodi mers_may be acconpl.is by .t hgse of, opdiwar il Lo 11 -warﬁﬁww“nwé

wi t hout und@é’éi-pe&ﬁﬁéﬁ-g%%ﬁ.ﬁ%&w%&ne%?asé’?t ﬁe“‘u’ntéebrérr‘l'ésc#%ﬁ'_eqi%g@ must

first be isopjeing andspprbbbdnqawﬂmfwpulﬁe@gj&m@cssible to isolate
a single species in order to optizize the product or

H
i
§
i

process.

Two groups of proteinaceous materials having
significant applicatiocns for the tweatoent of a wide
variety of medical indications are Tumor Necrosis
Factor (TNF) inhibitors and Interleukin-l receptor
antagonists (Ii-lra). These materials have been shown
to have beneficial effects in the treaztment of TNF and
IL-l. mediated diseases respectively. among the
indications that have been identified as being either
TNF mediated or IL-1 mediated, are Adult Respiratory
Distress Syndrome, Pulmonary Fibrosis, Rheumatoid
Arthritis, Inflammatory Bowel Disease and Septic Shock.

Copending U.S. Patent Application Serial No.
555,274, filed July 19, 1990, specifically incorporated
herein by reference, describes a class of naturally
occurring proteinaceous TNF inhibitors and a methed for
manufaéturing a substantial guantity of the same with a
high degree of purity. In particular, the
aforementicned application describes in detail two
subsets of TNF inhibitors referred to as 30kDa TNF
inhibitor and 4OkDa TNF inhibitor. In addition to the
full-length 40 XDa TNF inhibitor protein, two
truncated, yet biolegically-active, forms of the 40 kba
TNF inhibitor have also been produced. These proteins,
in which 51 and 53 carboxyl termini amino acids have
beén removed from the full-length protein, are referred
to respectively as 40 kDa TNF inhibitor AS51 and 40 XDa
TNF inhibitor ASS3.

Copending U.S. patent application Serial No.
07/506,522, filed April 6, 1990, specifically
incorporated herein by reference, describes a preferxred
" class of naturally occurring, proteinacecus Il-l1

inhibitors and a method for manufacturing a substantial

quantity of the same with a high degree of purity. In



with Rlerr] and in other circunstances an internediate purlfleatlﬂﬂ y not
be necessary- The extracellul ar domains of both IL-2ra and IL- ZILELI} may -
be cl oned using PCR and cloned into a vector capable of dlrectwng

expression in E. coli. The proteins may be refol ded and purlfledﬁﬁr@ﬁm.ﬁi. .
coli and their ability to inhibit IL-2 exd+vity neasured in bloassays In =
yitro nutagene3|s can be used to substitute native residues inthe™
mol ecul es W tpar}cstcsullae‘ t ¢hel lapplicatipne dgiscadbes dn defaddt tOXeErG

Mut ei ns of bO.L,ti Tﬁ.ré%}élln-ar 9hihiTRE st WA dbe slrdehikraduidigi-nal | ow for
eff|C|ent attac nent 0
receptor antagonists (IL-lra’s), namely, Il-lrac, IL-

lrag, and Il-lrax.

' Two additiona) classes of materiale that are
potentially useful for the treatment of a variety of
medical indications are interleukin-2 inhibitors and
complement inhibitors. Potential inhibitors of
interleukin-2 include interleukin-2 receptors, the
extracellular portion ¢f interleukin-2 receptors,
interleuvkin-2 receptor antagonists, antibodies that

' recognize interleukin-2, and fragments of any of such
species that contain the IL-2 binding function.
Potential inhibitors of the complement system include

o the recéptorzcal, the extracellular portion of CR1l, and
the fragment of CR1 that contains the complement
binding function.

Interleukin-2 receptor has been described and
methods for its isolation have been disclosed in U.S.
‘Patent No. 4,578,335 of Urdal et al. and U.S. Patent
No. 4,816,565 of Honjo et al. The gene encoding
Interleukin-2 receptor and wmethods for its recombinant
producticn have also been disclosed. European Patent
Application No. 89104023.0 of Taniquchi et al.:
European Patent Application No. 90104246.6 of Taniguchi
et al. See also, Honjo gt_al., Nature vol. 311, pg.
631 (1984). Taniguchi et al., Science vol. 244, Pg-
551 (19897.

It could be assumed that to some extent the
soluble extracellular domain of either interleukin-2
receptor will act as an inhibitor to the action of the
cytokine interleukin-2. Interleukin-2 is one of the
best characterized cytokines, known to play a pivotal
role in the antigen-specific clonal proliferation of T
lymphocytes. Interleukin-2 has also been shown to act

on a variety of other cells in the immune system.
There are three discrete forms of the



which do not |ose activity when PEGylated. A PEG |inked het efodi

férimed by first PEGylating IL-2ra in the presence of an excesk [ -ACEMENT of

bi s-mal ei m do PEG. The singly PEGylated IL-2ra may be purifiep

and - 34-

IL-zr[err] added to react with the active nal ei mi de group and| fprmg @8R 1997

het ér odi ner .

mol ecul e should minic the high affinity33=2 receptor found o

hskessed- This

This nol ecule may be purified and its activity

interleukin-2 receptor, comprised of Two §istin»
receptor molecules designated either a2s IL-2ra and
IL2r8. ,

" The highest affinity IL-2 receptor is composed
of two distinct IL-2 receptors. 3oth of these
receptors have been cloned and characterized. The low
affinity IL-2 receptor (IL-2r¢) was clomed in 1984 and
has been well characterized. Nikaido et al., Nature
vol. 311, pg. 631 (1984). The extracellular domain of
the molecule has a molecular weicht of 24,825 and has
two N-linked glycosylation sites. The molecule
contains 11 cysteines, 10 of which are involved in
intramolecular disulfide bonds. The putative IL-2
binding domains on the molecule have been mepped both
by mutagenesis and epitope mapping. The
intermediate affinity IL-2 receptor (Il-2rg) was cloned
in 1989 and has not been as completely characterized as
TL-2ra. Hatakayama et é;., Science vol. 244, pg. 5521

- (1989). The extracellular. domain of IL-2xrf8 has a

molecular weight'of 24,693. The molecule contains 8
cysteines and 4 N-linked glycosylation sites. The
disulfide bonding in the molecule is unknown. IL-2X3
has a cytoplasmic domain of 286 amino acids.

The disassociation constants (Kd’s) for the IL-
2 receptors bave,been-determinéd. They are 10°% for
IL-2ra, 10°M for IL~2rf and 10°''M for the high affinity
receptdf which consists of a complex of IL-2ra, IL-2r8
and IL-2. Current models indicate that the formation
of the high affinity complex is foimed first by IL-2
binding to IL=-2re and then to IL-2rf. Ogura et al.,
Mol. Biol. Med. Vol. 5, pg. 123 (1988).

An inhibitor of IL-2 may be valuable in the
préevention of transplant rejection as well as
autoimmune disorders. Currently, a monoclonal antibody
against IL-2ra that prevents IL-2 binding is being
tested in human renal transplantation. Hiesse gt al.,
La Presse Mediocle vol. 20, pg. 2036 (19%1). In a




cel| surfaces. A dunbbell conplex where Rlerr] is IL-2 and Rie |
| L-2r[err] should al so be useful as a receptor antagoni st of A L2 ' "
| . SYNTHESI S OF POLYETHLENE GLYCCLATI NG AGETS Three reagents are descri bed 4o
;
|

to indicate the diverse neans that may be used to derivatize pqu@epﬁidéS
See, Appendix to Exanple 1, for structurgs-of Internedi ates and reagents i
descri bed bel ow. All references provi ded bel ow are specrflcally T e

i ncorporated hetedy &F 1Hipateentencene antivody, in combination with. . .
immunosuppressants, has been shown to be as effective
in preventing allogra‘ft rejection as 2 contrel group
getting higher doses of immunosuppressants. High
levels of circulating soluble IL-2rx have been detected
in a number of diseases, some infections, as well as
transplantation and rejection. This suggests
involvement of IL-2 in these diseases.

CRl is a protein also referred to as the
C3b/Céb receptor. CR1 is present on erythrocytes and a
variety of other cell types, and specifically binds
C3b, C4b, and iC3b. CR1 can also inhibit the classical
and alternate pathway C3/C5 convertases and act as a
cofactor for the cleavage of C3b and C4b by factor 1.
Fearon et al., Broc. Natl. Acad. Sci. USA vol. 75, pPg.
5867 (1979). CRl is a glycoprotein conmposed Of a
single polypeptide chain, and there are four allotypic
forms. It is Xnown that CRl contains repetitive coding
sequences, and this fact is used to explain the
existence of multiple allotypes. Krickstein et 21.
Complement vol. 2, bg. 44 (Abst.) (1985).

' The diminished expression of CR1l on ervthocytes
has been associated with systemic lupus erythematosus
and CR1l number has aléo been found to correlate

- inversely with serum level of immune complexes. The
CR1 protein, the CRL gene and methods for the
production of CR1 are described in WO 91/05047 and WO
89709220 Of Fearon gt al. As described above, dimeric
Species containing CR1 and portions of an antibody have
also been disclosed. WO 91/16437 of Hebell gt al.

SUMMARY OF THE INVENTION

This invention relates to a2 method for
modifying polypeptides and the resnlting modified
polypeptides.

' This invention includes substantially purified
compounds comprised of the formula R,-X-R, wherein R,



A._ SYNTHESI S OF REAGENT 1: nPEG ESTER- MALEI M DE The SUCCIHétéL%SIET“’SﬁEE

deri vati've of the nPEGY (intermediate 1) was prepared as degcribed by‘VVe '

et al.

resul ting product was wei ghed out and dlssolved in a n1n|nun10f dry leXéna
at 60[err]C. After the solution had coolgdto anbient t enperature,.... .
equi nol ar anounts of both tri-n-butylam ne and isobutyl

added. The reagld &) a&@cm%%gtafaaﬁw HAUhAS WididhStdnd I % PUAG this
time, a borate bufFeJ 8.

I nt.

Archs. Al l ercrgy App. Immn., vol . 64, pp. 84-99; (1981)

was made by titrating a solutlon
peptidic églymerlc spacer. 'R, andé R, Zay be the same

or different groups, and at least cne 9f the R, and R,
is- polypeptidic. In the preferrec ewbodiments, R, and
R, are selected from the group censisting of
interleukin-1 receptor antagonist; 30kDa tumor necrosis
factor inhibitof; interleukin-2 receptor and CR1l, and X
is selected from the group consisting of polyethylene
glycol, polyoxyethylated glycerol, dextran, colonic
acids, poly f-aminc acids and carbonydrate polymers.
Also included are pharmaceuticz) compositions comprised
of such substantially purified compounds in a
pharmaceutically acceptable carrier. Further included
are methods of treating patients in need thereof with
such pharmaceutical compositions. The cémpounds of the
formula R;~X-R,, as depicted in Figure 19, are referred
to as "dumbbells”.

This invention also includes a method for the
preparation of substantially purified therapeutically
valuable compounds comprised'of the formula R;-X~R,
comprising reacting a non-peptidic polymeric group
having at least two reactive gtoups capable of forming
covalent bonds with the biologically active group R;
and isolating said compound..

In an alternate embodiment, this inventien
includes a methed for the preparation of substantially
purified therapeutically valuable compounds, comprised
of the formula R,-X-R,, wherein R; and R, are different,
comprised of: reacting a non-peptidic polymeric group
capable of forming covalent bonds when reacted with the
biologically active group R, to form a complex R,~X;
reacting complex R,-X with the biologically active
group R, to form said compound; and lsolatlng and
purifying said compound.

In one embediment, this invention relates to
the site-specific pegylation of TNF inhibitor and IL-1
inhibitor proteins.

chl or oaor mat e mere



of 0.5 Mboric acid with 1, 6-hexanedi am ne. The sol ution cont &i REMACEMENT SHEFT
nm xed anhydri de was added dropmﬁse to an aliquot of the borat¢ k éFeﬁw—~—w—~~
containing a 10-fold nolar excess of 1, 6-hexanedi am ne over thelm xed
anhydride. The reaction mxture was exhaustively dialyzed ver$u$ @4 SR, B87. l
water at 41C and |yophilized. This ponneT intermediate (intefmgdiate 2)

ves reacted W th & 2.5 1 upl ar, excens Ol Sl LOSUEELTER e (N 35

pegylation, pegylating reagents are selected that will
react almost exclusively with the free -sH groups of
cysteine residues of the polypeptides. An example of a
pegylation reagent that covalently binds almost
exclusively to the ~SH groups of cysteine is 0-(2-
maleimido ethyl)-0’ methlypolyethylene glycol.

Site specific pegylation may be done at either
naturally occurring "free" cysteine residues of a given
polypeptide, or at free cysteines contained on muteins
of the naturally-occurring polypeptides. Cysteines may
either be added to or inserted inte the amino acid
sequence of the naturally occurring polypeptide, or
substituted for other amino acid residues at selected
locatiens.: '

In one embodiment of this invention, the
polypeptides that are to be pegylated are produced via
recombinant DNA technology from a bacterial hast cell.
In most cases the bacterially expressed polypebtide
must be refolded to obtain hiological activity prior teo
the pegylation step. In certain applications of this
invention, the native polypeptide does not contain any
free cysteine residues, but an altered polypeptide is
produced to contain at least one free cysteine in the
biologically active polypeptide. According to this
method, the refolding of the bacterially expressed
polypeptide is facilitated by the addition, in turn, of
a sulfhydryl containing compound such as cysteine and a
disulfide containing compound such as cystine. After
refolding and purification, the polypeptide is treated
with a linited amount of 2 mild reducing agent such as
dithiothreitol ("DTT%) to regenerate the sulfhydryl
group of the novel cysteine raesidue of the altered
polypeptide. Following dialysis under conditions
designed to prevent oxidation, the polypeptide may be
reacted with a cysteine specific pegylation agent to
site specifically form 2 cdvalently nodified



mal ei m odet hyl) cycl ohexane-|-caroxylate (sul fo-SMCC, Pierce- €henrcal;Cp* N

Rockford I11.

hours at' room t'enperature. The resulting pol yner was purlfled‘by size -
excl usion chromat ography O the reaction m xture on Sephadex(:(}25 us+ngaﬁo

in 50 mm sodi um phosphate or HEPES buffer, pH7.70;

MM sodi um phosphate (or HEPES) pH 7. 0 fgrs.elution at 4[err]C.; The

mel ei m do- polymer (reagent 1) eluted at the voi d vol une of the col-vmm--and—!
P ?@g r g@ its absorbance at 260 nanoneters.: The reagent
kylat € gtldes wi,it hin on our its r1f|cat|on; T
b.g‘es of

was det ect ed

was used to a
Since the MPEG fromt F§

BE| BROVAATES PATNPEE- he present
invention are site-specifically pecviated TNF-
inhibitors and IL-1 inhibitors. More specifically,
this invention describes pegylate< I0kDa TNF inhibitor
and pegylated IL-1 receptor antagenist. Most preferred
pegylated TNF inhibitors include 30XDa TNF inhibitor
wherein the asparagine amino acié residue at position
105 of the native human protein is changed to cysteine
using in vitre mutagenesis and pegylation has occurred
at the free cysteine at poesition 103. Other pegylated
derivatives of mutated 30kDa TNF iakibitors include
mutations where cysteine has been added at positions 1,
14, 111 and 161. In addition to the singly pegylated
muteins, any and all combinations of the variocus
mutations may be included within a single mutein to
create altered 30kDa TNF with more than one free
cysteine reSidue'capable of being pegylated.

The most prefarred pegylated IL-1lra includes
native or naturally occurring IL-1lra, which includes
four free cysteines. Mono peqylation of the native IL-
ira yields site-specific pegylation at cyéteine
position 116. Other pegylated derivatives of mutated
IL-lra include mutéins having cysteine added at the
amino terminus of the polypeptide, cysteine added at
positions €, 8, 9, 84, or 141, and the replacement of
the cysteine at position 116 with serine. In addition
to the singly pegylated muteins, any and all
combinations of the various mutations may be included
to create altered IL-lra with more than one free
cysteine capable of being pegylated.

Other aspects and advantages of the present
invention will be apparent upon consideration of the
following detailed description of the invention,
including illustrative examples of the practice of the
invention.




base hydrolysis, this reagent is useful for identifying the.5|%é'df'ﬁPEG
attachnent to the protein. B. SYNTHESI S OF REAGENT 2: nPEQF érrr] - AM DE -
MALEI M DE The nPEG -tosylate (internmediate 3) was prepared as desqubedwby P
Pillai et al. J Og. Chem vol. 45, pp. 1%364 5370 (1980). The anbuft” of’/ [ |
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sul fonated internedi ate was estimated spectrophotonetrlcally as. described.. !
by Nilson and : y, vol. 104, pp. 56-69, i

Academ c Pres.= y ' TS | ntermedi at e was—econverted-to——:
t he phthalimi de derlv§ﬂ9V§e(ﬂnﬁ@@#ﬁ&ﬁa&ée4ﬁméﬁe acid sequence of

native IL-1lra.

Figure 2 depicts the amino acid seguence of
native 30kDa TNF inhibitor.

Figure 3 shows the Coomassie SDS-PAGE of
unpegylated and pegylated forms ¢of IL-lra and the
mutein c84s116 IlL-lra. Lanes 2, 3, 5 and 6 contain
pegylation reaction mixes. Lanes 1 and 4 are the
unmodified proteins:

Lane 1 -~ IL=-1ra

. lane 2 - mMPEG gy, IL-1lra

Lane 3 - wPEG g, IL-1ra
Lane 4 = ©84sl116 IL-1lra
Lane 5 - mPEG gy, ©B45116 IL-1ra

Lane 6 — mPEG g, CB4s5116 IL-lra

Figure 4 depicts the mono S ion exchange
-chromatography of: Chromatogram A, the pegylation
reaction mixture of mPEGyy,, IL-1ra, peak 1 is the
modified and peak 2'is the unmodified Il-lra; and
Chromatogram B, shows the purified mPEGﬂm;'IL-lra.

Figure 5 depicts a size exclusion chromatogram
showing the elution profile of several size standards,
and mPEGﬁm; Il~-lra (ftaction 7) and Il=1lra (fraction |
'13). |

Figure 6 depicts the reverse phase HPLC .
fractionation of tryptic digest of alkylated mPEGgp,"
Il-1ra reacted with tritiated iodoacetic acid to label
free cysteines. séparation was performed on a Brownlee
C8 (2.1 x 220mm) column at ambient temperature and a
flow rate of 1000ul/min with a linear gradient.
Solvent A was 0.1% TFA in water and solvent B was -
0.085% TFA in 80% acetonitrile and 20% H)0.

Figure 7 depicts the reverse phase HPIC
fractionation of chymotryptic digest of peptide 18 in
figure 6. Conditions were identical to those in Figure
6. Peptides 5 and 8 conta2ined tritium counts and



supsequently redced with hydrazine hydrate to the nPEG - NH
internmedi ate (internediate 5) by the procedure of Pillai e
am no gr-oup capacity in equival ents per gram of product wa
m;crotitration wth hydrochloric acid. The nPEG - NH[ err]
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carboxymethylcysteine derivative. Tals cycle was the
only one containing counts above dackground. The amino
acid sequence of peptide 8 began with serine 103 of Il-
ira. Redigestion of this peptide with chymotrypsin
permitted fractionation of all tritfiu= counts from the
peptide.

Figure 8 depicts the plasma Ii-lra
concentration versus time profiles ©f mature IlL-lra,
pegylated IL-lra, and several pegylated muteins of IL-
ira.

Figure 9 shows the SDS-PAGE gel showing ¢105
30kDa TNF inhibitor and wnPES, and the separation of
unreacted 30kDa TNF .inhibitor from mPEC ¢105 30kDa TNF
inbibitor by size exclusion chromatography.

Figure 10 shows a plot containing intravenous
plasma Il~lra concentration versus time curves for a
large number of singly PEGylated IL-lra species, doubly
PEGylated IL-lra species, and IL-lra PEG dumbbell
species. '

Figure 11 shows a plot containing subcutaneous
Plasma IL-lirea concentration versus time curves for a

number of IL-lxa species as in Figure 10.

Figure 12 shows a plot of plasma IL-6 levels
versus time after the injection of mice with hrTNF.

“Figure 13 compares IL-6 levels induced in mice
by five ratios of c105 30kDa TNF inhibitor to TNF (A)
and five ratios of cl05 30kDa TNF inhibitor PEqmmdb to
INF (B).

- Figure 14 depicts plasma IL-6 levels induced in
mice by TNF alone and one to one ratios ©f TNF to cl05
30kDa TNF inhibitor PEG.,, and PEG,; g, dumbbells,

Figure 15 depicts percent neutrophils induced
by varying ratios of TNF to c105 30kDa TNF inhibitor
(A), c105 30kDa TNF inhibitor PEGydb (B): <105 30kDa
TNF inhibitor PBGmedb (C):; and c105 30kDa TNF

|
\
|



use this designation for the pegylated product of IL- Ira rea@;&q;‘ .
reagent 2 and nPEG ,|L-lra for pegylated IL-lIra froma reaqtlon VY 6 o s RS
reagent 3 descri bed belomb obt ai ned fromthese reacti ons wag assessed by
SDS- pol yacryl am de gel el ectrophoresis (PAGE). The opti nal Hesuli/ﬁﬁs §€¢eén
with a 1:1 ratio of SMCC to nPEG - NH2. =3¥yher proportions Qfssulfo SNCC
generated nultiple higher molecular weight derivatives of IL I'ra on

SDS- PAGE and ¥RpiPHERT pBERx, wafindH Nyt i cal SO

Figure 16 shows a plot containing intravenous
plasma 30kDa TNF inhibitor concentration versus time
curves for native 30kDa. TNF inhibitor, ¢105 30kDa TNF
inhibitor PEGgy,, and PEG,; o &nd 30kDa TNF inhibitor
PEGys00s PEGyg,g00 8Nd PEGyg o dumbbells.

Figure 17 shows a plot containing subcutaneous

SNV SN

plasma 30kDa TNF inhibitor concentration versus time
curves for a number of 30kDa TNF inhibitor species as
in Figure 16,

Figure 18 depicts the solubility of 3 sclutions
of native IL-lra and c84 IL-lra PEG,, by plotting 0.D.
405 versus tinme.

Figure 19 depicts the basic structure of
compounds of this invention having the general formula
R,~X-R, that are referred to as dumbbell compounds.

ESCRTIPTION OF THE INVENTIO

This invention involves the selective
modification of pharméceutically useful polypeptides,
in particular, Tumor Necrosis Factor ("TNF") inkibitors
and. :
interleukin=-1 (*IL-1") inhibitors. More specifically
this invention describes the selective modification of
30kDa TNF inhibitor and IL-1 réceptor antagonist
("IL-1lra"). The selective modifications serve to both
enhance the pharmacckinetic properties of the
polypeptides as well as to provide homcgenous
compositions for human therapeutic use.

Additicnel polypeptides'that may be selectively
modified according to the procedures of this invention
include interleukin-2 receptors ("IL-2r%) and CR1. Aall
references to interleukin-—-2 feceptor shall be construed
to include both ¢ and § ‘chains of IL-2r unless stated
ctherwise.

In the preferred embodiments of the invention
the medified polypeptides and DNA seguences are human.



i on exchange chromat ography and | ower proportions resulted i nj &t
yi éld of pegyl ated protein. Reagent 2 was purified by size exblﬁ3|0n"
chr omat ogr aphy using G25 sephadex resin. C. SYNTHESI S OF REAGENT 3 HPEG

MALEIM DE The nPEG err]-NHerr] (intenediate 5) can be nodified further to :

ylefd a different mal ei m do-derivative (reagent 3)[err]. The: Ia{ter \\as. |
acconpl i shed by reacting the nPEGerr], =RB2 with mal eic anhydrlde via an
adapt ation of the procedure of Butler and Hartley, in Methods™of - -~
Enzynol ogv, vBPWeX®Y.pso Ehe Eyfentc fdah Chaxss s |SRESiqient N v. . (1972)
and cycli zi ngnbhb3og! PeRlicH @nimal DNA ané peptide seguences to
the human forms, they would be included within the
scope of this invention.
In one ermbodiment, the zmethce€ of modification
of the present invention includes covalently bonding
long chain polymers to the pblypeptides of interest in
a site specific manner. The selected polypeptides may
be the native or naturally occurring polypeptides of
interest, or‘they nay be biologically active muteins of
the polypeptides that have been produced to enhance the
modification process described herein. The method of
the invention includes the selection, production and
sCcreening of desired muteins that will meet the
objectives of this invention. In other embodiments of
this invention the method for modifying polypeptides
requires merely that the modification be made so that
the resulting prcduct'be available in substanﬁially
purified form as that term is defined herein.
In certain embodiments, the modified
polypeptides of- the present invention will be bonded to
long chain polymers at specific positions of the amino
. acid sequence. The modified polypeptides of the
present inVention-wili retain 2 substantial portion of
their biological activity. In the preferred
embodiments, the modified polypeptides will retain at
least dhe tenth of the biological activity of the
nativelp019pe§tide in a receptor binding assay. In a
more preferred embodiment, the medified polypeptide
will retain at least one fifth of the bioclogical
activity of the native polypeptide, and in the post
preferred embocdiment at least ‘one fourth of the
activity will be retained. In addition, the modified
polypeptide will ser%é to improve the pharmacokinetic
performance of the native polypeptide in at least one
of the following areas:
1) increasing the apparent molecular weight

ediigetk” ot
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(internediate 6) to the corresponding o-(2-maleinido ethyl) REHACEMF“TCWEU
-0' - met hyl pol yet hyl ene gl ycol using the nethod described by. nsch et al”

Bi ol . Chem Honne-Seyler, vol. 366, pp. 53-61 (1985). APPENDI X T@{%I%Phgyl
SYNTHESI S OF REAGENT 1 Structures of starting material, inte i at es and
reagent from synthesis 1. Starting'naieﬁZQﬁ General i zed f or fruka—+of

mononet hoxypol yet hyl ene gl ycol (nPEGX): err%
of the native polypedtide and ence, reducing the

clearance rate following subcutanecus or systemic
administration;

2) increasing the solubil;:y of the native
polypeptide in acqueous solutions; or

3) reducing the antigenicity of the native
polypeptide. |

In many embediments of the invention, each of
these objectives will be accoﬁplished. In the
ﬁreferred embodiments of the invention, the long chain
polymer will be polyethylene glycol or monomethoxy
polyethylene glycol. A polyethylene glycol unit will
be referred to herein as PEG and a monomethoxy
polyethylene glycol unit will be referred to as mPEG.
The approximate molecular weight of the polymeric unit
will be given in subscripts. Ffor example, a
mononethoxy pelyethylene glycol uniit of approximate
molecular weight of 5,000 will be depicted as mMPEGgy,
Or PEGgyy,- Other long chain polymers included within
the scope of this invention are polypropylene glycol

' ("PPG"), polyoxyethylated glycerol ("BOG"), dextran,
colonic acids or other carbochydrate-based polymexs and
polymers of B-amino acids and bieotin derivatives.

In an alternate embodiment of the present
inventlon, the long chain polymer unit is dihydroxy
polyethylene glgcol, cr HO-(CHfﬂ&O)n H. When activated
to bind c¢ovalently with polypeptides or other
biclogically active compounds as described below, the
dihydroxy material will contain two reactive sites.

In the preferred embodlments of the present
invention the long chain polymer units are bonded to
the polypeptlde via covalent attachment to the
sul fhydryl group (-SH) cf a cysteine residue. To
obtain selectivity of reaction and homologous reaction
nixtures, it is useful to utilize functionalized
polymer units that will react specifically with
sulfhydryl groups. The funectional or reactive group
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Intermediate 1, SYNTHESI S OF REAGENT 2 Structures of starting; material , .} |
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attached to the leng chain polymer is referredito. B il
herein as the activating group. Activating groups
inclugde the maleinride group, sulfhvéry. group, thieol,
triflate, tresylate, aziridine,.oxirane and S~pyridyl.
The preferred activating groups are maleimides.

Activated dihydroxy polyethylene glycols,
because of the physical separation Zetween the ends of
the polymeric chain, are nearly ecually reactive at
each end of the molecule. By appropriate selection of
reaction conditions and polypeptides, the activated
dihydroxy polyethylene glycols--or any other multi-
activated long chain polymer unit--will react with
polypeptides to form "dumbbell™ shaped complexes where
two polypeptides are joined by a2 long chain polymeric
unit.

By utilizing the different rates of reaction
that would be found between the activated polymeric
linked group and different cysteine-containing
polypeptides and by the kirnetics of the reactions, it

S is easily w1th1n the skill of those in the art to also
produce dumbbell comnlexes where substantially purified
compounds can be formed comprising two different
polypeptide groups, or comprising a single polypeptide
group and a different bioclogically active group.
Examples of such heterodumbbell compounds are given
below.

‘The extent and availability for reaction of

cysteines varies dramastically from polypeptide to

. polypeptide. Therefore, in the biologically-active
form many polypeptides do not have "free" cysteines, or
cysteines not bound to another'cysteine. In addition,
the existence of “free" cysteines does not wmean that
cysteines are accessible for binding to reactive
reagents. Since the modification usually occurs on the
active or three dimensionally folded polypeptide,
little or no reaction will occur when a free cysteine
is found within the "interior” of the folded structure.
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reagent fromsynthesis 3. starting nategzalz P it i

A further constraint when nodifying palypeptidé§mi§mkhgup
potential effect the modification ma2y have on the
active site of the polypeptide. The modification of a
cysteine having a certain proximal relationship to the .
active site may effectively deactivate the polypeptide.
Even when a great deal is known about the selected -
polypeptide, it is difficult, if not inpossible, to
accurately predict which cysteine residues may be
effectively modified.
The same factors also exist when mutated
polypeptides are produced that contain additional
cysteine residues. When the polypeptide is
recombinantly produced wvia bacterial expression, the
non-native cysteines may interfere with the proper
refolding of the polypeptide. -In addition, the
cysteine must be accessible to the pegylating reagent,
- and the pegylated cvsteine must not significantly
interfere with the active site of the polypeptide.
The selection of potential sites within a given
polypeptide for the-introduction of a non-native
cysteine can be influenced based on various sources of
information. For example, glycosylation sites may be a
good site for a mutation to include a free cysteine.
To the extent that information is known about the
binding or active site of the polypeptide, that
information can also be used to select potential
muteins. The addition or substitution of a cysteine
residue at.the amino teiminus or carboxyl terminus of
the polypeptide is also a likely proépect because of
its location. And finally, the mutation of lysine
residues to cysteiné may be considered based on the
assumption that lysines will generally be found on the
surface of the bioclegically active polypeptide.
Although a variety of potential muteins can be
selected for a given polypeptide that may meet the
desired characteristics, it is only through the
synthesis, pegylation and testing of such altered



the pegylation reaction of native IL-lIra with successful, p ngPV} NFﬁT
aSsayed ‘by visual inspection for a single tight band at 29 | lodal tons on
Coomassi e stdained SDS- PAGE and a single sharp peak by anal ytli galQ & MAR 1997
exchange chromat ography. Unl ess ot herwi se stated, pegylation rfeactions were
doneg at 1 ng/m of native IL- Ira at roomtenperature in HE ES butt
7.2 with a nPEG reagent to IL-Ira ratio of22-1. The reagent [used in these
studi es was NPEG ani do- nalelnldeé&Reagent 2) and the product is referred to

as MPEGCH| L- 1r amBteingethasyfts«,
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ocbjectives of the present inventicn. In light of this
invention and the general skilil and knovwledge of those
skilled in the art, such synthesis, pegylation and
testing can be performed without undue experimentation.
It should be noted, that even-if the pegylation of a
polypeptide acts to reduce the blological activity of a
polypeptide to a certéin extent, the improvement in the
pharmacokinetic performance of the polypeptide may
greatly increase the value of the native polypeptide in
various therapeutic applications. |

Upon selection of target muteins, the preferred
maethod for the production of the muteins is by
recombinantly expressing the gene coding for the
mutein. Assuming that the gene coding for the native
polypeptide is known, .the altered gene may be created
either by standard site specific nutagenesis procedures
on the’nétive gene, oxr by the construction of the
altered gene by standard gene synthesis procedures.
These technigues are well known to those of ordinary
skill in the art.

The gene coding for the target mutein may be
expressed in a 9§rigty of expression systems, including
animal, insect and bacterial systems. To the extent
that expression systems have been perfected for the
expréssion of the native polypeptides, the same systems
may ‘He used for the target muteins. In the preferred
enbodiment of the present invention, the genes coding
for the target muteins are produced by site specific

mutagenesis of the native gene, and the gene encoding

the mutein is expressed from a bacterial expression -
system. The gene encoding native IL-lra and a methed
for expressing said gene in E. Coli is described in
detail in United States Patent No. 5,075,222 of Hannun
et _al., issued December 24, 1991. The gene encoding
native 30kDa TNF Inhibitor and a method for expressing
said gene in E. Coli is described in detail in United
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-39- A TIME Pegylation reactions at rocm tenperature were aaniZédﬁ
0.5 to-24-hours. conversion of the IL- Ira to the pegylated formis
coinplete (80%90% in tw to four hours and the total anmount pfj 4
MPEGI L-1ra does not increase or decreasg, after-|onger periods; of

i ncubation. The quality of the nPEG: LTFfa assayed by SDS-PAGE décieases”

at |onger timgs due 4 ddis HMAYANSSPsAI MilePYH B ATPALS AL

hi gher
filed July 19, 1990. Each of these applications is

incorporated herein by this reference.
The muteins and pegylated materials of the

- present invention include allelic variations in the
protein sequence {sequence variations due to natural
variakility from individual to individual) and
substantially eguivalent proteins. "Substantially
equivalent, ™ as used throughout the specification and
claims is defired to mean possessing a very high degree
of amino acid residue homclogy (See generallv, M.
Dayhoff, Atlas Protein Secuence and Structure, vol.
5, p. 124 (1972), National Biochemical Research
Foundation, Washington, D.C., specifically incorporated
hereln by references) as well as possessing comparable
biological activity. Also included within the scope of
this invention are =uteins and pegylated polypeptiides
that are partiélly truncated versions of the native
polypeptide. .

In one preferred embodiment of the method of
the present invention when the target mutein is
produced via recombinant DNA technology in a bacé¢terial
expression system, the following steps are performed:

1) The gene coeding for the target mutein is
created by site directed mutagenesis of the gene ceoding
for the native polypeptide:

2) The gene coding for the target mutein is
expressed -in a bacterial expression systen;

3) The target nutein is isolated from the
bacteria and purified;

4) The target mutein is refolded in the
presence of cysteine or another sulphydryl containing
compound;

5) The refolded target mutein is isolated and
purified; _

- "6) The purified and refolded target mutein is
treated with a mild reducing agent;

e
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mol ecul ar wei ghts on the stained gel. B. TEMPERATURE Pegylatsomwgﬁactuoms

wer'e*incubated at tenperatures of 4[err], 25, 37[err], and 50Crand- Fhen——:

anal yzed-at tinme points of 0.5 1 2, 4 and 17 hours. The reactnons at 25
ard 37 generated a |arge anmount (about 50[err]-80% of pegylatedbpréTelﬁf

within one to two hours but those at 4C ang 50C resulted in a puch | ower . _ i
S

yield (10% 20% even at the later tine po? The quality of t he
nPEG'I L-1 ra does not O%%emt,ﬂ]chan Q_SI nlflcantl WL L h, ter’rgeratélhe, N a—

PROTEI N CONCENYTRATI e re -lo mixture s cizlyze
absence of oxygen:; and

8) The dialyzed reactisn mixture is treated
with a long chain polymer containing an activating
- group.
In the preferred embodiment foxr the preoduction
of pegylated muteins of 30kDa TNF izhibitor, the mild
reducing agent is dithiothreitol (®DTT"). 1In an
alternate embodiment, the modification may occur prior
to the refolding of the expressed protein or mutein.
In the preferred embodiment of the present
invention, the pegylated muteins and pegylated native
polypeptides may be purified and formulated into
. pharmaceutical compositions by conventional methods.
In an alternate embodiment, the purified muteins may
also be formulated into pharmaceutical compositions.
The pegylated polypeptides of the present
invention formed by the reaction of a deactivated long
chain polymer unit have additiona) beneficial
properties. These "qumbbell” shaped molecules can
-contain two of the polypeptides of interest attached by
a single polymer unit. This structure impeses a
certain amount of linearity to the polymeric molecule
and reduces some of the steric hinderance inherent in
the use of large hydrophilic polymers such as
polyethylense glyccl. The goal of obtaining molecules
with increased apparent molecular weight is achieved
while retaining high bioclogical activity. Included
- -specifically within the scope of this invention are
-bidentate molecules where two IL-lra molecules or two
-TNF inhibitor meclecules are covalently attached to a
single polymeric chain, or where two different
polypeptides are attached to 2 single polymeric chain,
i.e., a single bidentate molecule containing both a TNF
- inhibitor and a IL-lra moiety.
Native IL-1lra (figure 1) and various muteins of
IL-1ira have been pegylated according to the present

[



Pegylatlon reactions have been done with protein concentr gt iRgPISAIEMENT VEHEET
| L-ira) “between 50 ug/m and 10 ng/m . Al of the concentraﬂ+eﬁs~resréd“”'-

wor ked well and there was po difference in the quality of it a
D. pH Native IL-lIra. was pegyl ated under the reaction cond'tldagﬁ§§%b%if
is slightly

above between pH 5.5 and 7.5. The qual i43g-0f the nPEG‘I L-|
better by SDS- PAGE and ion exchange at a |l ower pH (5.5) but the percent

conver si on i sjibencodR., EpedPEscfdhDOF MALEY DFn@ (I DATTY/RAL RAFHO
sulphydryl groups, by the methods described in the
examples below, results in the addition of wPEG at the
cysteine residue at position 116 of IL-lra (cl1ié). The :

other three cysteines are not accessibie for pegylation
in the fully native molecule. . To attach aPEG molecules
at different sites of IL-lra ané tc meke mPEG
conjugates having more than one mPEG, IL~lra in which
native amino acids in IL-1lra were replaced with a
cysteine, or additional cysteines are added at the
amino-terminus of the protein. To prepare conjugates
in which residue 116 is not pegylated c¢l116 has been
changed to a serine in a number of the muteins. Below
is a list of the muteins that have been generated for

- reaction with mPEG (the residue numbering is based on
the sequence given in Figure 1; c referring to cysteine
and s referring To serine):

c0s116 c0cllé
¢84sll6 c84cllé
c6slle céclle
c8s116 c8cllé
¢9s116 c9cllé
cldalslle clalelle

Native 30kDa TNF inhibiteor (figure 2) does not
contain ‘any’ free cysteine residues. The following
muteins of 30kDa TNF inhibitor have been prepared (the
residue numbering is based on the sequence given in
Figure 2; ¢ referring to cysteine):

c10S 30kDa TNF inhibiter
. ¢l 30kDa TNF inhibitor
cl4 30KDa TNF inhibkbitor
clll 30kDa TNF inhibitor
cl16i 30kDa TNF inhibitor
Included within the scope of this invention is

an entire class of compounds, as depicted in Figure 19,
that can be represented by the formula R,-X-R, wherein
R, and R, are biologically active groups and at least




-4 0- W tested ratios of between 0.5:1 to 20:1 of the ' ACEMENT wanl
mPEG anido-nmal eimide to native IL-lra. Ratios higher than about Zm R,
result+in efficient conversion to the pegylated form of
Rati os greater than 5:1, however,

i ncrieasi ng the amount of extra hlgh nol ecul ar wei ght bands on: reduced

SDS- PAGE and nul tipl e peaks on ion exchapgpe- chr omat ogr aphy. j
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one of R, and R, is polypeptidic, and X is ‘a non-
peptidic polymeric spacer or linker gvoup. R, and R,
may be the same group or differens. Where R, and R,
are different groups, both R, 2né R, may be
polypeptid_ic; or R, may be polypeptidic and R, may be
any biologically active group.. The coxpounds having
this structure, which have been refe-red to as
"dumbbell" compounds, are characterized by being
substantially purified. "Substantially purified" in
this context is defined as being & cmogenous
compositzon.

A homeogenous composition consists of one
molecule of the linker X and one molecule of R, and one
molecule of R,. A homogenous composition includes, but
does not reguire, that the biologically active groups
R, and R, be attached to the linker at the exact same
location on the groups in each molecule of the
compound. In certain embodiments of the lnvenhion, the
biologically active groups are attached site
specifically to the linker. For example, in the

.compound ¢10S 30kDa TNF inhibitor PEGygdb, two cl05

30kDa TNF inhibitor groups are attached at the 105
cysteine residue to the PEGyq,, linker.

When réferring to a "homogenous composition' it
is to be understood that on a molecule-by-molecule
basis, the dumbbell compound is also not necessarily
homogenous with respect to the exact-length'of the
spacer group. It is understood by those skilled in the
art that any production process that utilizes a given
weight range of PEGC or other higher moclecular welght
polymer begins with a sclution that contains an
"average" molecular weight. Therefore, when a bis-
reactive PEG unit is reacted with a polypeptidic group,
the PEG unit is by definition polydisperse, and the
resultant dumbbell compound is hetercgenous to the
extent that the length of the linker is subject to the
variation known to exist by those skilled in the art.

IL-1ra {50% 90% _
generate |ower quality nPEGIL- bradsy &

e e £ o
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The optimal reaction conditions for both quantity of nPEG*IL~Ir§ ébtavned’“”

and quafity of .the material, within the parameters used, is a 27T PEG
an1do mal ei mi de/ 1L-1ra at 250C for 2-4 hours usi ng PEG- ami do- naLelnlde
generated with a 1:1 ratio of Sulfo-SMCC to nPEG am ne. Wth: t hese' ™" '
conditions 80:90% of the IL-Ira is conv§??ed to t he pegylated f.ormwsing. .

reagent syntheS|zed with ejther r], or i tarting
mat eri al (Fi gdfe SHUREEY, p @%ﬁf‘ﬁ%éﬁ Y=y EG' %’% dunbbel
conpl exes contrRigEyy dd -nhateerisl sragtm B chmiamztimaar&a of:Esiur es as

ot her compounds: 1) that deviate in the composition of R, or

R,i or 2) that are linked together by more than one

linker X.
* R, and R, are defined as being biologically
active groups. Biologically active groups include any

compound that can induce a biological effect on
interact with a natural biological moclecule.
Biologically active groups include proteins,
polypeptides, stercids, carbohydrates, organic species
such as heparin, metal containing agents, vitamins, or
any other bic;ogically active species. At least one of
the groups R, and R, is polypeptidic. In the preferred
embodiment, both R, and R, are polypeptidic.

Polypeptidic is defined as any compound that is
substantially proteinaceous in nature. However, a
polypeptidic group may contain some non-peptidic
elements. For exanple, glycosylated polypeptides.or
synthetically modified proteins are included within the
definition. ' )

The bioclogically active groups R, and R, include
binding gfoups and targeting groups. Binding groups
are defined by their affinity for a given biological
ligand. . Targeting groups are defined by their ability '
to direct the location of a complex within a biological
system. R, and R, may have affinity for the sane
ligand, in which case the dumbbell may have enhanced
affinity to that ligand. R, and R, may have an
affinity for different ligands, wherein R, serves to
target the complex into a location where the ligand for
R, predominates. |

Preferred polypeptidic groups are receptors,
the extracellular portions of receptors, cell surface
moclecules, and extracellular matrix molecuies, binding
proteins, and receptor antagonists. Included among the
polypeptidic groups that may be used as R; or R, are



PEGyl ated IL-Ira species. A 2-4 nolar excess of bis- naleinid@fgﬁgﬁygﬂrSHﬂj
IL-ira fn HEPES buffer at 7.0 is used. Wth IL-1ra, the specjes used nmay be |
the wild type nolecule, which has a free and avail abl e cyste~ned0qsﬁﬂgeQ91nl
a;nmutein prepared as described herein. The IL-Ira is at a copcentration of
2-5 g/ M. The reaction is incubated at anbient tenperatures|for-4 to 6™
hours. The IL-1ra PEG dunbbel| conpourmt®®are purified fromthe unPEGyl ated_ _ ..

VES buf fe) (o, o PATe oo YERPOL 055 1008 AW NAERSSRTH RBEFRGAT | cat ion
may be achi eisd eciptoexahtagonist, 30kDa TNF inhibitor, 40kDa
TNF inhibitor, 11-2 receptor, CRiI {21l references to
‘CR1 include any single or combination of consensus
repeat sequences of CRl), PDCF receptor, IL-2, MCSF
receptoxr, EGF receptor, IL-5 recepter, IL-3 receptor,
GMCSF receptor, T-cell receptor, HLA-I, ELA-IT, NGF
receptor, IgG (V,, V;)}, CD40, CD27, Ii~§ Teceptor,
Integrins CR3, VIaA,, ICAM, and VCAM, CR2, GMP1l40 Lec
domain, Laminin binding protein, Iaminin fragments,
Mannose binding protein, exon 6 peptide of PDGF, and
proteases (with'é catalytic domains or a target domain
and a catalytic domain). All references to receptors
includes all forms of the receptor whenever more than a
single form exists. In the preferred embodiments, the
groups R; and Rz'are selected from the group censisting
of IL-1l receptor antagonist, 30kDa TNF inhibiteor, CRI1,
and Il-2 receptor (both the ¢ and B8 chains). '
In a preferred embodiment, the non=-peptidic
s polymeric spacer X may be further defined as follows:
X = =¥,~(2),~¥,~, vherein ¥, and Y, represent the residue
of activating groups that react with R, and R, to link
the spacer to the groups R; and R,, and (2),6 represents
the base polymeric group. According to the present
invention n is greater than 6 and preferably is greater
‘ than 10.
annpeptidic is defined as a pelymeric group
that is substantially not peptidic in nature. The
inclusion of less than 50% by weight of «-amino acid
residue as part of Y¥,, ¥, and Z would be considered
substantially non-peptidic in nature and would be
considered non-peptidic. In the preferred embodiment,
the non-peptidic spacer ¥ is non-immunogenic, and
biologically inert and hydrophilic. In addition, the
preferred linkers are capable of conveying desirable

properties to the bioclogically active polypeptidic
groups =-- such as reduced immpunogencity, increased
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without significantly reducing the affinity of a given
R, or R, group to its ligand. 1In the most preferred
embodiments, the_compound R,~X-R, (wherein R;=R, and R,
and R, are binaing groups) has an aifinity for its
Ligand that exceeds the affinity that the non-
derivitized binding group has to the ligand. For
example, sub-stantially purified cl05 30kDa TNF
inhibitor PEGy,,db has an inhibitor activity for TNF
that is greater than 20 times the inhibitor actiwvity
that c105 30kDa TNF inhibitor has for TNF.

The activating groups Y; and ¥, that are part of
the polymeric spacer X may be comprised of any of the
activating groups as discussed above, including the
maleimide group, sulfhydrvl group, thiel, triflate,
tresylate, aziridine, oxirane, and S-pyridyl. The
preferred activating groups are maleimides.

The polymeric gfoup (2), is preferably selected
from the group consisting of pelyethylene glvcol,
polypropylene glycol, pelyoxyethylated glycerol,
dextran, poly ﬁ-aminc acids, colonic acids or other
carbohydrate polymers and polymers of biotin
derivatives. In the preferred embodiments, the
polymeric group is polyethylene glycel. Any non-—
peptidic polymeric group that would serve the functions
as described herein would also be included within the
scope of this invention.

' One of the ad\}antages ¢of the present invention
is the ability to vary the distance between the groups
R, and R, by varying the length of the polymeric group
linking the two binding groups. Although not limited
by theory, it is proposed that the increase in
biological activity seen for the multimeric compounds
of this inventien may be attributed to the multimeric
nature of the cell‘receptors and ligands in_vive. For
this reason, the optimal distance between the units R,
and R, (which would be generally directly proportional

e o ¢

chromat ogr aphy using a Bi oRad TSK 250 or Superdex 75 col umm, agEdeé hmbédu»@
bef ow. EXAMPLE |11. PURI FI CATI ON OF PEGYLATED NATI VE | L- Ira-? Purlfrtatruﬁg
of mPEG*IL-lra can be ach eved by cation exchange or size edeQS|on "y i
cmat ography. These procedures are applicable to pegyated IL-lra derlvéﬁ
three reagents descri bed above. - -80-CATI ON EXCHANGE; &t -
CHROVATOGRAPKEY The nPEJ err]L-lra can be purifed using a XonoS
solubility, or reduce< clearance rate from the-body -~-
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(PharnBC|a) colum with 20nm&M MES buffer at pH 5.5. The proteLnsAmen _____ oy
elUted fromthe colum using a salt gradient fromO0 to SOOWNINQCF‘LH the
sane buffer. For exanple, unnodified IL-lra elutes at 220mM NaCl, whil.e the_
purity is assessed by various techni ques i ncl uding analytlcaf | opr exchange
chr orfat ogr aphy and SDS- PAGE. nmPEJ err] IL-ra elutes at 160an(F|gure 4). B.:
S| ZE EXCLUSI ON CHROVATOGRAPHY The nPE( eggll L-1ra, which runs as about 52°
kd, and nPEJérr]*IL-lra, which runs as about 68 kd (based ah col um
calibration wtbh thieoWengjthe of AW Ht)ynadic easid vy DE,)s eRgl aieedaafsrm

unrodi fied | LaEEirgnﬂeléd%yb%ne skilled in the arz= by varying the
size of the spacer X.

In one embodiment of the present invention, the
groups R, and R, are the same. However, in an
alternate embodiment R, and R, are different species.
Such compounds can be designed to create a heterodimer
wherein both R; and R, act within the same general
biological systems. For example, both IL-1 receptor
antagonist and TNF inhibitors are believed to disrupt
the inflammation cascade. The difunctional complexes
may also be designed where R; or R, is a “targeting"
species that "directs" the complex to a specific
location by its binding affinity to a certain
substrate, and the opposing binding group has a desired
activity at the localized site.

An example of a hete:odimer that has great
potential for being a successful IL-2 inhibitor is one
where R, is IL-2re and R, is IL-2rB. Such a
heterodimer mimics the receptor complex that has the
highest affinity for iIL-2. See Example XVII. An
additional heterodimer that can act as a complement
inhibitor is the heterodimer where R, is the C3b
bindihg domain from CRl and R, is the C4b binding
domain from CR1l. See Example XVIII. In an additional
hetercdimer R, is the exon 6 peptide of PDGF and R, is
IL-lra. See Example XIX.

In the preferred embodiment of the invention,

- the procedures for producing the bifunctional R,-X-R,
complexes are essentially the same as those used for
the site-selective reaction of polypeptides as
described above. The synthesis of cl105 30kDa TNF
inhibitor PEGy.db'is described below in Example 13. A
bis-reactive polymeric group is reacted with a
cysteine~containing polypeptide, wherein the activating
group on the bis-reactive polymeric group forms a thio-
ether bond with the selected free cysteine residue. As
described above, the cysteine may be a free cysteine



si ze exclu5|on chromat ography on a Superdex 75 (Pharmaci a) cBEWﬁﬁEMF@B‘)‘LT
strandard chromat ographi c techni ques (Figure 5). EXAMPLE- 1Y: §
CHARACTERI ZATI ON OF THE nPEG *I L-Ira Purified nPEG *IL- Ira ;gl@@ves
symmetri cal peak upon rechromatography on MonoS and appear g4d pure by both |
SDS- PAGE and si ze excl usi on chromat ogr aphg~(Fi gure 3 and 4)|. #reeﬁﬁarrson“‘
of the tryptic maps of IL-l1zra and nPEG [err]1IL-1 ra showgd one peak,
cor r espondi ngnaturhdlyepccyariogt annicirg SOLy PRt icEZY coaga MO Eom T he
conj ugat e mapnymt atl9e2RRRAEANERS thatd nAAWHIEPA G HRAK dr hitist iTRiked

Subdi gestion o IS new
into the natural sequence.

[

The preferred bis-reactive peciyvmeric compound -
of the present invention is e¢-(2-ma2ieimido)w-maleimido
poly (oxyethylene) or bis-maleimicdoc PEG. The synthesis
of bis-maleimido PEG is described ir Example 12.
According to the preferred method, the bis-maleimido
compound is prepared from bis-hydroxyl PEG via the bis-
amino intermediate.

Several methods for the conversion of the
terminal hydroxyls of PEG to the corresponding amino
group nhave been reviewed by Harris et al., J. Polymer
Sci. vol. 22, pg. 341 (1984):; Harris, Rev. Macromol.
Chem. vol. €25(3), pg. 325 (1985). This is
accomplished by generating a reactive intermediate via
either sulfonation, halogenation, or oxidation of the
hydroxyl followed by displacement of the aciivated
termini by a nucleophile.

Other practical alternatives to the synthesis
of the bis-maleimide PEG given in Example 12 also
exist. The reactive intermediate in the conversion of
the hydroxyl to the amine may be the halogenated
derivative (e.g. the o-{bromoethyl)}-b-
bromopoly (oxyethylene) intermediate (Jchannson,
Biochim. et Biophv. vol. 222, pg. 381 (1970)) followed
by difégt substitution with ammonia, (Buckmann et _al.,
Makromol. Chem: vol. 182, pg. 1379 (1981)) or the
aldehyde intermediate (Harris, supra.) The bis-
maleimide PEG is not the only sulfhydryl-specific
reagent that may be used. Glass and coworkers have
developéd ancther method for the attachment of PEG to
sulfhydryls. Glass gt _al., J._ Biopolvmers vocl. 18, pg.
383 (1979). However, the reacti&n is reversible with
thiols. Ancther method for attachment of PEG to
cysteinyl sulhydryls is the bis-4-vinylpyridine PEG
derivative.




peak with Chymotrypsin and subsequent amino acid sequence anafysi,

i Adi eat ed that c116 had been pegyl ated under the conditions eppl bym,. BN
(Figure 6). -42- EXAWPLE V. PREPARATIOM OF | L-Ira MGEEINS, Nhtagene5|s :
was performed on single stranded DNA fromthe IL-1ra gene clohed it gARNeYS
bacterlophage ML3. Bi oRad' s Mutagene kit was used which uses the procedure ;
descri bed by kunkel et al.. Methods in-33- T T

et s e ey Binrad

Harris (suprz) also reviews the synthesiéwaf“a“”““
variety of electrophilic derivatives ¢f PEG that can be
used as reagents to modify proteins. Tae reagents
include chlorocarbonates, isccyanate, epoxide,
succinimidyl succinate, cyanuric chicride, mixed
anhydride, carbodiimides and sulfopates. The latter
group includes tresylate, tosylate, and mesylates.
Some of the reagents react selectively with amines
(e.g., cyanuric chloride and carbediimides) while
others react with both sulhydryls and awines (e.g.,
epoxride and tresylates). Some of these reagents have
been used to medify proteins and may result in varying

.degrees in loss of activity.

The preferred preparation of R,—X-R, complexes
where R, and R, ara different requires a two step
process where the bis~reactive polymeric group is
reacted in series with R; and then R,. The preparatibn

. of such hetercdimers may be accomplished by those of
ordinary skill in the art without undue
experimentation. In some cases the intermediate R;=X
must f£irst be isolated and purified prior to reaction
with R,, and in other circumstances an intermediate
purification may not be necessary.

The extracellular domains of both IL-2re and
IL-2rf may be cloned_gsinq PCR and cloned into a vector
capable of directiné'expression in E. coli. The
proteiﬁé may be refolded and purified from E. _g¢pli and
their ability to imhibit IL-2 activity measured in
bicassays. In yitro mutagenesis can be used to
substitute native residues in the molecules with
cysteine_to'allow for site directed attachment of PEG.
Muteins of both IL-2re and IL-2rf may then be
identified that allow for efficient attachment of PEG
which de not lose activity when PEGylated. A PEG-
linked heterodimer may be formed by first PEGylating
Il-2ra in the presence of an excess of bis-maleimido
PEG. The singly PEGylated IL-2ra may be purified and



Enzynol ogy vol. 154, pp. 367-382 (1987)- Briefly, single st.rarﬂ;té,_r NA
t enpl at e was gener at ed using an L. coli strain that cont ai ns ‘t*he™ dut and
una mutations, resulting in tenplate that contains uracil |nsfead of

t hym di ne. Mut ageni ¢ ol i gonucl eoti des between 20 and 30 base parrs.-LA -

| ength were annealed to the tenplate andsghe second strand was
resynt hesi zed using DNA pol ynerase and DNA |igase. The reaction m xtures
were used to tramipraddediital teget Britinlthestactiive rmahmﬁ.ddnegmupll

gfpgﬁldn: ggaisltzﬂ%k(ﬂ #W%q{l ca%éyol%%epm 1ﬁq'-‘f?)lha e were S e%gdt QﬁdmJt ant
purified and its activity assesse‘- This molecule
should mimic the high affinity Ii-2 receptor found on
cell surfaces.

A dumbbell complex where R, 1s II~2 and R, is
IL-2r8 should also be useful as 2 receptor antagoenist
of IL-2.
E J. SYNTHESIS OF POLYETHYLENE GLYCOLATING

AGENTS |

Three reagents avxe described to indicate the
diverse means that may be used to derivatize
pélypeptides. See, Appendix tc Exanmple 1, for

e structures of Intermediates and reagents described
s below. All references provided below are specifically
incorporated herein by this reference.

A. SYNTHESIS OF REAGENT 1: nPEG -ESTER-
MALEIMIDE '

. _ The sucecinate ester derivative of the RPEG,
(intermediate 1) was prepared as described by Wie et
al. Int. Archs. Aller ray App. Immun., vol. 64, pp. 84-99
{(19281). The result1ng product was weighed out and
dissolved in a minimum of dry dioxane at 60°C. After
the solution had cooled to.ambient temperature,
equimoclar amounts of both tri-n-butylamine and isobutyl
chlorcformate were added. The reaction proceeded
thirty mifutes with stirring. During this time, a
borate buffer, pH 8.8, was made by titrating a solution
of 0.5 M boric acid with 1,6-hexanediamine. The
solution containing the mixed anhydride was added
dropwise to an aliquot of the borate buffer containing
a 10~fold molar excess of 1,6-hexanediamine over the
mixed anhydride. The reaction mixture was exhaustively
dialyzed versus deionized water at 4°C and lyophilized.
This polymer intermediate (intermediate 2) was reacted
with a 2.5:1 molar excess of sulfosuccinimidyl 4-(N-



sequenced by standard techniques. The fragment containing th
was _t hen subcloned into the expression vector pT5T (Ei senberg

vol . 343, pp. 341-346, (1989)) and transfornmed into the T7. expr
systemstrain (E. cali B121DE3). O her E. coli expression syste

be used. Expression clones were grown in Luria Broth suppl enmgnt
| Sug/ m tetracycline at 370C. Wern the eBbtures reached an aptl

of 0.8 at 600nmthey were noved to 30[err] and .|PTG was add

the site of wWPEG attachmant to the protein.

B. SYNTHESIS OF REAGENT 2: mPEG,~AMIDE
MALETMIDE

The mPEG -tosylate (intermediate 3) was prepared
as described by Pillai gt al. J. Ordg. cChem. vol. &5,

'PP. 5364-5370 (1980). The awount of sulfonated

intermediate was estimated spectrophotometrically as

described by Nilson and Mosbach, in Methods of

Enzymology, vol. 104, pp. 56-69, Academic Pres. Inc.,
N.Y., N.¥Y. (1984). This intermediate was converted to

the phthalimide'derivative-(inte:mediate 4) and

subsequently reduced with hydrazine hydrate to the

WPEG,-NH,- internediate (intermediate 5) by the

procedure of Pillai gf al., supra. The amino group

capacity in equivalents per gram of procduct was

quantified by microtitration with hydrocﬁleric acid.
The mPEG,-NH, was reacted with sulfo-SMCC in HEPES or
phosphate buffer pH 7.2 at room temperature for two
hours. The amount of the mPEG —amine to sulfo-SMCC was

tested at molar ratics of 5:1 ¢o 1:5.

To determine the optimal conditions the final
reagent (reagent 2) was used in pegylation reactions
and the quantity and quality of mPEG *IL-lra (we will

T,
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o_a final
concentr at i on méléinibdethydiceysiphexaineT IolcaRenrlate o i —SNRG!
accumul ation op;LPge! EndIAANOLR.N Wekford I1i.) in 50 mM sodium
phosphate or HEPES buffer, pH 7.9, for two hours at
- room temperature. The resulting polymer was purified
- by size exclusion chromatography <f£f the reaction
mixture on Sephadex G~25 using 30 =¥ sodium phosphate
(or HEPES) pH 7.0 for elution at 4°C. The maleimido-
polymer (reagent 1) eluted at the veid volume of the
column and was detected by monitoring its absorbance at
260 nanometers. The feagent was used to alkylate
polypeptides within one hour of its purirfication.
Since the mPEG from this reaction can be removed by
base hydrolysis, this reagent is useful for identifying

e —

1
I




[ L

i o "».l sf_gl;:l\
maxj mal after 4-6 hours and did not change signif icantly foﬁ up 10212~
hours post induction. EXAMPLE VI: PURI PICATION OF THE I L-lra MUTEI NS CeI
cultures induced as descri bed above were harvested by centrlfugaflﬁﬁ“eﬁ“”
0000y for 10 min. The cells were resuspended in 30nmM sodi umiacetate buffer.! |
pH 5.2 in 20-50 mM's. Lysis was achi eved-bpy-t wo passes -43 through the '
French Pressure cell at 13000 Psi. The R
use this designation for the pegylated product of L~

lra reacted with reagent 2 and mPEG IiL-~1lra for
pegylated IL-lra from a reactlon with rxeagent 3
described below) obtained from these reactions was
assessed by SDS-polyacrylamide gel electrophoresis
(PAGE). The optimal result was seen with 2 1:1 ratio
of SMCC to mPBG;ﬂuE.' Higher proportions of sulfo-SMCC
generatad multiple higher molecular weight derivatives
of IL-1lra on SDS-PAGE and multiple peaks on analytical
ion exchange chromatography and lower proportions
resulted in a reduced yield of pegylated protein.
Reagent 2 was purified by size exclusion chromatography
using G25 sephadex resin.

[SUOY J

C. SYNTHESIS OF REAGENT 3: mPEG -MALEIMIDE

The mPEG -NH, (interxmediate 5) can be modified
further to yield a different maleimido~derivative
(reagent 3).. The latter was accomplished by reacting
the mMPEG,-NH, with maleic anhydride via an adaptation
of the procedure of Butler and Hartley, in Methods of
Enzymolegy, vol. XXV pp. 191-199, Academic Press. Inc.,
N.Y., N.¥. (1972) and cyclizing this intermediate
(intermediate 6) to the corresponding 0-(2-maleimide
ethyl)-0’/-methylpolyethylene glycol using the method
described'by-Wunsch et al., Biocl. Chem. Hopve-Sevier,
vol. 366, pp. 53-61 (1985).

APPENDIX 10 _EXAMPLE I

. SYNTHESIS OF REAGENT 1
Structures of starting material, intermediates and
reagent from synthesis 1.
Starting material:
Generalized formula for monomethoxypolyethylene glycol
(MPEGx) :

CH;0~ (CH,CH,0) ,~H



cell. lysate was centrifuged at 10000g for 10 minutes. The solubLeﬁpQrLJQnm, ..... —
was:| oaded ontw a S-Sepharose col umm and' washed with the sahe:bufifer:y “urxfé
containing 75M NaCl. The IL-lra nutein eluted with buffer cohtaiﬂing ZGGWM
NaG . The single pass over the ion exchange resin resulted ip a product QI ?
sufficient purity (>95% for pegylation studies. Further purf! i €at 61 Tan

be achi eved using other ion exchange resifts such as Q Sepharose or_MmnoQ..

Thi s procedure was used for several of the |L-Ira nuteins with equal

success. |n sowreascienetopsthe cierrge BOVEFyIERe~BRORNIPS: &

coneentrati oo Sh&Pt Ly kO188s1tondUARANA W8I Ehehgverage number of
repeating oxythylene groups.
Intermediate 1:
f s
CH;0- (CH,CH,0) ,;~ (CH,CH,) ~0—C—CH,CH,CO0=
Intermediate 2:

Reagent 1l:

50

CH;0~ (CH,CH,0) ...~ (CH,CH,) -o—g-cuzcaz—@—tm— (CH,) ;~NH~
~-CH2=N

SYNTHESIS OF REAGENT 2
Structures ol starting material, intermediates and
reagent from synthesls 2,
Startlng material.
Generalized formula for monomethoxypolyethylene glycol
(mPEGx) < _
CH,0- (CH,CH,0) ,~H

vhere X denotes the average molecular weight of the
polymaf in kilodaltons and n is the average number of

repeating oxyethylene groups.
Intermediate 3:

CH,0 (CH,CH,0) .~ (CH,CH,) -o-ﬁ-@.a{;
o
Intermediate 4:

CH;0- (CH,CH,0) .~ (CH,CH,) -N__ [ O]

)

Intermediate 5 (WPEGX-NH,):



smal | change in protein charge due the change in a-m no actd acqxﬁﬁg?.}mw[
Wth these slight variations that woul d be easily manipul t PRV § .

ordinary skill in the art, this procedure is generally appiifca Ie to all of
the tnuteins studied. EXAMPLE VII; IL-Ira MJTEI N PEGYLATI | NQAICMARIOIV t @
the. native IL-lra, nuteins cS4sll16, T¥T116, cO0sl16 and 96l 1 6 wer e

pegyl ated.. Enplo t he sane_conditions used for the nat|ve+t—ftra,~—The
pegyl at ed foﬁ”ﬁs" é/ gﬂs%:& 2L ETHE: wer e produced and pbrified. Since

c84c116 contains two reactive cysteines, pegylation resultsin a higher

Reagent 2:

cnso-(cnzcuzmn_ (CH,CH,) -NH- ﬁ /\) - j\“

. SYNTHESIS OF REAGENT 3
Structures'ofxstarting'material, intermediates and
reagent from synthesis 3.

Starting material:
Intermediate 5 (WMPEG,-NH2):

CH, 0~ (CH,CH,0) n_',- (CH,CH,) -NH,

Intermediate &:

CH,0~ (CH,CH,0) _,~ (CH,CH,) —N‘H—g-CH=CH-COOH

Reagent 3:

Q-(Z—maleimidoethyl)-Of-metﬁyl polyethglene glyqol
CH30~ (CH,CH,0) .= (CH,CH,) ~N_

XAMPL PREPARATION OF PEGYLATED NATIVE II-1
Various. parameters were tested in optimlzlng

the pegylatlon reaction of native IL-1lra with
successful’ pegylation assayed by visual inspection for
a single tight band at 29 kilcdaltens on Coonmassie
stained SDS-PAGE and a single sharp peak by analytical
ion exchange chromatography. Unless otherwise stated,
pegylation reactions were done at 1 ng/ml ef native IL-
lra at room temperature in HEPES buffer pH 7.2 with a
RPEG reagent to Il~1ira ratio of 2:1. The reagent used
in these studies was mPEG-amido-maleimide (Reagent 2)
and the product is referred to as mPEC,*Il~1lra but the
results are applicable to all three reagents.



nmol ecul ar wei ght protein at about 40 kd on SDS-PAGE.. This_protein.can.he...
purified by cation exchange or size excl usion chronatographydang THURS |tEcy
t he expected nol ecul ar wei ght of about 68 kd an the-I|atter: when usi-tig-—
PEG err]- EXAVPLE VIII. EFPICACY oF TEE nPBGI L-1ra. The Efflcacy of Lhei
pegyl ated native IL-lIra nol ecul es was tested by a standard; conﬁét%tﬁvéf
receptor binding assay u3|ng S[err]-11-3%a as the |igand. Nbuse cells. (E14)§
corntaining the nDuse t%Pe IL-1 receptor i :

e e s 18 e §
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- Pegylation reactions at recz: eennerature were
analyzed from 0.5 to 24 hours. Coaversion of the IL-
ira to the pegylated form is complete (80%-90%) in two
to four hours and the total amount oI RPEG*]IL-1lra does
not increase or decrease after.longer periods of
incubation. The quality of the mPEE*IL-1lra assayed by
SDS-PAGE decreases at longer times due to the
appearance of additional bands and smears at higher
molecular weights on the stained gel.

B. TEMPERATURE

Pegylation reactions were incubated at
temperatures of 4°, 25°, 37°, and 50°C and then analyzed
at time points of 0.5, 1, 2, 4 and 17 hours. The
reactions et_25° and 37° generated a large amount
(about 50%-80%) of pegylated protein within one to two
hours but those at 4°C and 50°C resulted in 2 much
lower yield (10%-20%) even at the later tiwme points.
The quality of the ‘WMPEG*IL~1lra does not seem to change
signiflcantly with' temperature.

C. PROTEIN CONCENTRATION
Pegylation reactions have been done with
oz protein concentrations (ﬁative IL-1ra) between 50 ug/ml
‘ and 10 mg/ml. All of tﬁe concentrations tested worked .
well and there was po difference in the quality of the
MPEG*IL~1ra. | S

D. pH

Native IL-lr;.was pegylated under the reaction
conditions stated above between pH $.5 and 7.5. The
quality of the mPEG*IL-1ra is slightly better by SDS-
PAGE and ion exchange at a lower pH (5.5) but the '
percent conversion is the same.

E. wWPEG-AMIDO-MALEIMIDE TO NATIVE IL-lra RATIO



r :hanmster cells (CHO expressing froma clone ggene the human-type-L- ...
receptor were user at 1 X 106 cells per well and 1 x 10[err]?€él1s,ber:ﬁi£5§

wel |, respectively, in 96 well mcroliter dishes. Slerr]-1L-Ifa Waith a ‘

specific activity of 4000 G /mvol was added to a final concentratlon (o) PRV

| 5CpM Col d. |l igand was added in serial,gilutions from 28 anto 13 pNIand N

allowed to incubate for 4 hours at 4C. The cells were then if i:kt-ered--thr.ough

a Mlliliter filtergpl M LLip8L QngpgLe z ragore filter), !

washed to renove nongpg%g |caF%t goun gggﬁ%& ?hg fIFFe?OE%ngEdmaﬂd“”' e
the mPEG-amldo-malelmlde to native IL-1ra. Ratios

higher than about 2:1 result in efficient conversion to
the pegylated form of IL-lra (50%-20%). Ratios greater
than 5:1, however, generate lower guality mPEG*IL-lra
by increasing the amount of extra hich molecular weight
vands on reduced SDS-PAGE and multiple peaks on ion
exchange chromatography.
The optimal reaction conditiens for both

" quantity of mPEG*IL-1ra obtained and quality of the
material, within the parameters used, is a 2:1 mPEG-
amido-maleimide/IL~1ra at 25°C for 2-4 hours using
MPEG-amido-maleinide generated with a 1:1 ratio of
Sulfo=-SMCC tc mPEG-amine. With these conditions 80-90%
of the IL~lra is converted to the pegylated form using
reagent synthesized with either mPEGy,, or mPEG., as
the starting material (Figure 3).

F. PREPARATION OF IL-lra PEG DUMBBELLS

PEG dumbbell complexes containing IL-lra are
nade accordinéﬂto the same procedures as other
PEGylated It-1ra species. A 2~4 molar excess of bis-
maleimido PEG to IL-lra in HEPES buffer at 7.0 is used.
With IL-lra, the species used may be the wild type

. molecule, which has a free and available cysteine

residue, or a mutein prepared as described herein. The
IL-lra iIs at a concentration of 2-5 mg/ml. The
reaction ié incubated at ambient tenperatures for 4 to
€ hours. The IL-1lra PEG dumbbell compounds are
purified from the unPEGylated and singly PEGylated
species by MonoS cation exchange at pHS5.5 in 20-50mM
MES buffer using a gradient from 0 to 1000 mM NacCl.
Further purification may be achieved by size exclusion
chromatography using a BioRad TSK 250 or Superdex 75
column, as described below. -

PLE - P ON OF G TED NATIVE Ti-—lra



counted on an Anbi s Radi oanal ytical Imaging System Equilibrium

di ssoci ation constants (kDs) were calculated and used to conpagp Agh EHT bpr;
pegyl ated and unnodified fornms of IL-ira. Unnodified wild typ
c84s116 have equal kD s for the type 1 nouse receptor of 15(-300 pM |n our
assay. The ID for the IL-lra pegylated formis about 400-80(¢ pMbhMAR1997

pegyl at ed c84s1l 6, 500-1000 pM which i$%275 and 3 5 fold higher _than that

of the unnodified protel res ectl . 6s1T6)
of the unpegyl ated ‘ﬂ‘s %S?IIY%%&*I‘S'O% ‘tehe nat|é¥‘j:1--ep‘.rpf'£e}S Wthin |
t he standar dcation ekchhagassay513@eexclus;cr chxcmatography.
These procedures are applicable tc pegylated IL-lra
derived from all three reagents described above.™

A. CATION EXCHANGE CHROMATCGCRAPHY

The mPEG *IL-lra ¢an be purifiec using a Monos
(Pharmacia) column with 20mM MES buffer at pH 5.5. The
proteins were eluted from the column using a salt
gradient from O to S00mM NaCl in the same buffer. For
example, unnodified IL-lra elutes at 220mM NacCl, while
the purity is assessed by various techniques including
analytical ion exchange chromatography and SDS-PAGE.
MPEGgy,, IL-ra elutes at 160mM (Figure 4).

B. SIZE EXCLUSION CHROMATOGRAPHY

The mPEGgy,*IL-1ra, which runs as about 52 ka,
and mPEGg,*IL-1ra, which runs as about €8 kd (based on
column calibration with known size standards), can
easily be separated from unmodified IL-lra (17 kd) by
size exclusion chrométographﬁ'oﬁ a Superdex 75
(Pharmacia) c¢olumn with standard chromatographic
techniques (Figure 5).

PLE TV: CHARAC ON OF MPEG *TT,~
Purifled mREG*iLrl*a gave a single symmetrical

peak . upon rechrcmatcgranhv on MoncS and appeared pure
by both SDS~PACGE and size exclusion chromatography
(Figure 3 and 4). A comparison of the tryptic maps of
IL-lra and mPEGg,,,*IL-ixa showed one peak,
corresponding to the peptide cdhtaining cllé and cl22,
absent from the conjugate mep with the appearance of a
new broad peak in this map. Subdigestion of this new
peak with chymotrypsin and subsequent amino acid
seguence analysis indicated that cllé had been
pegylated under the conditions employed (Figure 6).
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RECEPTO? (kd) ASSAY MUTEIN W LD TYPE 17. 5~ § 771007 “CSZLSIIE“ |
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LE V. PREPARATION OF IL-irs MGTEINS b e |

Mutagenesis was perforzed on single stranded
DNA from the IL-1ra gene cloned into the bacteriophage
M13. BioRad’s Mutagene kit was used which uses the
procedure described by Kunkel et 2.

Enzymology vol. 154, pp. 367-382 (1987). Briefly, T
single stranded DNA template was generated using an E.
coli strain that contains the dut and uang mutations,
resulting in template that contains uracil instead of
thymidine. Mutaéenic oligonuclecotides between 20 and
30 base pairs in length were annealed toc the template
and the second strand was resynthesized using DNa
polymerase and DNA ligase. The reaction mixtures were
used to transform a wild type E. coli strain in which
' the uracil containing strand is degraded by the DNA
repair mechanisms and the mutant strand is allowed to
replicate. The mutant phage weres screened and
sequenced by standard technigues. The fragment
containing the mutant gene was then subcloned into the
expression vector pTST (Eisenberg gt _=2l. Nature vol.
_343, Pp. 341-346, (1989)) and transformed into the T7
expression system strain (E. celi B121DE3). Other E.
coli expression systems may also be used.

Expression clones weré grown in Luria Broth
supplemerited with 15ug/ml tetracycline at 37°C. When
the cuitures reached an optical density of 0.8 at 600nm
they were moved to 30° and IPTG was added to a final
concentration of 1 mM to induce expression of the IL-
ira gene. Total accumulation of the IL~lra protein was

- maximal after 4-6 hours and did not change
significantly for up to 12 hours post induction.

IAMPILE VIs PURTFICATICON OF THE IL-ira TN
Cell cultures induced as described above were
harvested by centrifugation at 10000g for 10 min. The
cells were resuspended in 30mM sodium acetate buffer pH
5.2 in 20-50 mls. Lysis was achieved by two passes



C9S11.6 . 17.5 67 C6SL116 I L ——

C0S116 17.5 63 C84Cl116 _17.5 BE ,.‘..-a;ga* SHEET
PEG'IL-1ra SINGLE PEGerr]cl16 50-60 34 PECﬂ”ér"r‘] C843116 ;
50- 60 28 PEGerr]d 16 70-80 30 PEGerr] c84§1| B4 it v
70-80 30 PEG8[err]cOsl 16 NE)B 22 PEG err] cosr16 “Np
12 ~a4ov v e e

through the French Pressure cell at 1200C psi. The .. .
cell lysate was centrifuged at 1000Cc Zor 10 minutes.
The soluble portion was loaded onto & S-Sepharose
column and washed with the same buZfer containing 7Smi
NaCli. The IL-lra mutein eluted with kuffer containing
200mM NaCl. The single pass over a2 icn exchange
resin resulted in a product of sufficient purity (>95%)
for pegylation studies. Further purificatien can be
achieved using other ion exchange resins such as O-
Sepharose or MonoQ. This procedure was used for
several of the IL-lra muteins with equal success. In
some cases it was necessary to vary the pH and/or NacCl
concentrations slightly to purify muteins which have a
small change in protein charge due the change in amino
acid sequence. With these slight variations that would
ba easily manipulated by one of ordinary skill in the
art, this procedure is generally apnllcable to all of
the mutelns studied. '

EXAHP&E:VII; IL~ira MUTEIN PEGYLATION

In addition to the native IL~-1lra, muteins
cB48116, c84cllé, cO0s1lé and cPs1lé were begylated. .
Enploying the same conditicons used for the netive I~
lra, the pegylated forms of c84sll6 and C84Cllé were
produced and purified. Since c84c¢ll6 contains two
reactive cyste1nes pegylation results in a higher
molecular weight proteln at about 40 X4 on SDS-PAGE. .
This protein can be purified by cation exchange or size
exclusion chromatography and runs at the expected
molecular weight of about 68 kd on the-latter when
using PEGS@. -

EXaMPLE VIIXI. PFPICACY OF THE mPEG%IL~-1lra

The efficacy of the pegylated native IL=-lra
molecules was tested by a standard competitive receptor
binding assay using S*-IL-1ra as the ligand. Mouse
cells (EL4) centaining the mouse type 1 IL-1 receptor

L I
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11' PEG err]c84C116 150- 200 4 PEG [err] C84Cl16 75 -
5 DUVMBRELLS PEd err] Cl16 55- 65 49 PE( ert] 864 MAR 1997

60 49 PEGerr]cl 16 175- 200 49 PEG err]c4

200 60 PEJ err]c84 =200 24 Data ar¢ &

percent of the activity

or hamster cells {(CiHO) expressing f£rcm a cloned gene
the human type 1 receptor were used at 1 x 10° cells
per well and 1 x 10° cells per weli, respectively, in
96 well microliter dishes. §%°-IL-lra with a specifie
activity of 4000 Ci/mmol was addeé¢ Tc a final .
concentration of 150pM. Cold-ligand was added in
serial dilutions from 28 mM to 13 pM and allowed to
incubate for 4 hours at 4°C. The cells were then
filtered through a Milliliter filter plate (Millipore,
.5 micron pore size Durapore filter), washed to remove
nonspecifically bound counts, the filter removed and
counted on an Ambis Radicanalytical Imaging System.
Equilibrium dissociation constants (kDs) were
calculated and used to ccmpare the pegylated and
unmodified forms of IL-lra. Unmodified wild type IL-
ira and <¢84s116 have egual kD’s for the type 1 mouse
receptor of 150-300 pM in our assay. The XD for the
IL-1lra pegylated form ié about 400-800 pM and for
pegylated c84sl1l6, 500~1000 pM which is 2.5 and 3.5
‘£old higher than that of the unmodified protein
‘respectively. The kDs for all but oné (c6sllé) of the
uﬁpegyléted-mﬁteiné afe_within 65-150% of the native
pProtein, within the standard exrror of the assay. See
Table 1. | -



exhi'bited by unnodified Il-ira. Standard deviations are wit mp{[pl_ﬂersp FMT SHEET
The

EXAVPLE | X: PHARMACOKI NETI CS OF PEGYLATED NATIVE MUEIN I L-Lra

phar rracoki neti ¢ character of several pegylated native and nuie n ILMégapg7

nol ecul es was tested follow ng intravenous injection of tLhe|np

rats. Native or pegylated IL-lra was |n%ected as an intravenpu bolus dose

(3 ng/kg). .Serial blood sanples

ANALYSIS OF PEGYIATED IL-lra MOLECULES
: SIRE RECEPTOR
| (ka) ASSAY
MUTEIN
WILD TYPE . 17.5 100
€848116 17.5 o8
Cs81l16 17.5 87
C65116 17.5 37
C0S116 17.5 63
c84C116 17.5 95
PEGE*IL=lra
SINGCGLE
PEGggq,C116 50-60 34
PEGg,,C845116 50-60 28
PEGg,,c116 ~ 70-80 30
PEGy;0,CB45116 70-80 30
PEG,0,c0S116 ND 22
PEGg,COS116 ND 12
PEC, 500,116 78 20
DOUBLE | .
PEGgqgc84C116 . 70-80 11’
PEC,5;,C84C116 ' 150-200 4
PEG,;00oC84€116 175 5
DUMBBELLS
PEG: clls 55-65 49
PEGL30C84 ' 66 - 49
PEG)q,00sC 216 175-200 49
PEG,4’ 900C84 ' 200 60
_PEGZG o0aC84 >200 24
- Data are presented as a percent of the activity

exhibited by unmodified Il-lra. Standard deviations
. are within 10%.

PLE : CORINETICS OF PEGYLATED NATIVE
MUTEIN fL-lra
The pharmacokinetic character of several
pegylated native and mutein IL-1ra meolecules was tested
following intravenous injection of the molecules to
rats. Native or pegylated IL-lra was injected as an
intravenous bolus dose (3 mg/Xg). Serial blood samples



-4 6- were drawn fromthe tail vein and assayed for native onzpeg Ja%edxm -
| L-1ra’by enzyne-linked i mlunosorbent assay (ELISA). The resu+tkng.pLasaa?
IL -lra concentration vs. tine profiles (Figure 8) |IIustrae‘that !
pegyl ati on has. a pronounced inf |uence on the dlsappearanoe of & FL&?Eahﬁrom
the plasma after intravenous injction. F&8&-declines in plasna IL-lra and
pegy |l ated derivatives of IL-Ira are best described by threae exponentlaV”“

conponents. Twerdadzawndifeeme theartafdgykdn encprssergsd oy mativie @Xs_of

these eXponenbéﬁglge%O&%ml%aU@:f en2ielalidiked Ghgundsorbeite adkay The
half-lives of (ELISA). The resulting plasma IL-ira concentration vs.
time profiles (Figure 8) illusirate that pegylation has - -
a pronounced influence on the disappearance of IL-lra
from the plasma after intravenous injection. The
declines in plasma IL-lra and pegvliated derivatives of
IL-1ra are best described by three exponential
components. The data indicate that pegylation prolongs
the half-lives of these exponential components up to
six-fold in the rat (Table 2}. The half-lives of these
exponentlal componengs increase as the size of the PEG
molecule increases (Table 2). Additionally, there is
evidence that the prolengation of the half-lives may be
- pegylation site~-specific. Standard compartmental
analysis was used to interpret the data of Pigure 8.
The prolongation of
haiﬁ-lives may be explained based on accepted
pharmacokinetic theory which states that the plasma
-half-life for a drug is inversely related to the plasma
clearance for the drug and directly rélated to the
-apparent volume of distribution for the drug.
Pharmacokinetic analysis of the disappearance of
pegylated IL-lras from the plasma indicate that the
-prolengation in half~life is inversely related to-a
decreased plasma clearance for the pegylated molecules,
compared to native IL-lra (Table 2). The decrease in
plasma clearance is consistent with an anticipated
size-related decrease in glomerular filtratien cof the
peqgylated molecules by the Kidneys. Also, the
prolongation of the half-lives by pegylaiion is
‘directly related tc an increase of the distribution (Vd
steady~state, Table 2) of the pegylated molecule. The
increase in distribution velume indicates greater
penetration of the pegylated molecules inte the
extravascular pocl. Through this mechanism pegylation
improves therapy with IL-lra by increasing the extent
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was used to interpret the data of Figure 8 The prolongatianiof half-Iives!
may* be expl ai ned based on accepted pharmacoki netic theory which states that .
the plasma half-life for a drug is inveré®ty related to the plasma. ..

cl earance. for the drug and directly related to the apparent vol une of

di stribution &erwhhehdthg aeitdvencokiageties e DI SHAtSESPRar ance of

circulation into the extravascular ccapartment, a
compartment in which IL-1 receptcors are expected to be
Jocated. Because of the similarity between rats and
humans in both cléarance and distridution mechanisms
for IL-1ra, it is apparent that pegylation will
sinilarly improve the pharmacokinezlic vroperties of IL-
ira in humans.

1. Additional intravenous pharmacokineties for
pegyviated IL-1ra
The intravenous pharmacokinetics for eight

additional pegylated IL-lra muteins have been
characterized using methods previously described. &
plot containing intravenous plasma IL~1ra concentration
vs. time curves for each of the wmolecules is attached
(Figure 10). Review of all of the intravenous
pharmacokinetic data (Table 3) indicates that as the
size of the PEG (single or double) is increased, the
plasma clearance decreases and hence the intravenous
mean residence time and plasma IL-1ra disappearance
half-lives increase. The site of pegylation is
important in detérmining the extent to which the
. pegylation decreases the plasma clearance and prolongs
- the means residence time. The addition of two PEGs to
IL-1ra prolongs the :intravenous mean residence time
fouttéen-fold compared to wild type IL-lra.

" 2. _Subcutaneous pharmacokinstics for negvlated ¥T~lra
Absorption pharmacokinetics of pegylated IL-1ra
muteins have been characterized following subcutaneous
injection of the molecules to rats. Serial blced
samples were drawn from the tail vein and assayed for
native or pegylated IL-lra by enzyme-linked
immunosorbent assay (ELISA). The resulting
subcutaneous plasma IL-lra concentration vs. time
curves are plotted in Figure :l1. The subcutaneous



pegylated IL-bras fromthe plasm indicate that the prolon;a%ﬁ%ﬁCE%ENrs”?i?

pegylated nol ecul es, conpared to native IL-lra (Table 2) .| The megga@97|ﬁ
pl asma clearance is consistent with an anticipated size-refa eg decrease iln
glonerular filtration of the pegyl ated apgecul es by the kifn
prol ongation of the half-lives by pegylation is directly r=|ated to an
i nlcr ealse ofT ht bR atinaokliteitde: (a!d:ast(eadaes:zz;t tevialll wa2liabh o By SERGPAHT €d
nol ecul e e_Ln { i 20,0l ate reater netration
of the pegyl ataeag.&%%g@&r:&s@o J“t pedl1aled -0digat 03, 9kear &1, RENS

site and size of the PEG, and related to subcutaneous

injection in non-eptimized formulaticns. Table 3 also
reveals & remarkable positive influence of pegylation
on the mean residence time for . subcutaneously injected
IL-ira. As the size of the PEG is increased, the mean
residence time is generally increased. This increase
is probably the result of molecule-size~related slower
absorption through the lymphatic circulation (longer
mean absorption times) as well as to delayed clearance
after the pegylated melecule reaches the systemic
circulation (plasma). This prolongation is profound
and will improve the pharmacokinetic character of
subcutaneous IL-lra in humans.
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sinmlarly inmprove the pharnacokinetic Properties of IL- Ira jin umeEns: 1. .-
Addi tional intravenous harnacokinetics for peavliated IL-Ira The thrr enous
phar macoki nétics for eight additional pegylated IL-lIra nutelns have been -
characterized using nethods previously described. A plot cgntjaimingss xg; -
intravenous plasnma IL-lra concentratiesows. tine curves for ieach of the !
nol ecules is attached (Figure 10). 'Review of all of the i At ravenous-- - -
phar macoki netic data (Table 3) |nd|cates that as the size of. the PEG
(single or (BXAMRI PREBARZ R_MUT

Cysteine has been substituted ZJor the native

residue at both the amino terminus and carboxyl oo
terminus of the protein as well as 2ll three
i glycosylation sites (residues 1, 14, 105, 111 and 161 :
as seen in Figure 2). Mutagenesis was performed on
single stranded DNA from the 30kDa TNF inhibitor gene
cloned into the bacteriophage M13. This gene is
described in detall in U.S. Patent Application Serial
No. 07/555,274 filed July 19, 1990. Mutagenesis was
done as described by Hunkel et _al. (1987) (see Example
V). The mutagenized gene was isolated and subcloned
into the expression vector pT5T (Zisenberg gt al.,
Nature vol. 343, pg. 341 (1989)) and transformed inteo
the T7 expression system strain E. coli BL21DE3. The
30kDa TNF inhibitor muteins were purified and refolded
as described for native 30kDa TNF-inhibitor. See, the
U.S. Patent Application Serial No. 07/555,274 filed
July 19, 1990. Refolding includes the addition of
cysteine to the solution containing the purified
protein. The cysteine aids in the refolding and "bonds
to" the free cysteine in the mutein.

EXBMPLE XY: PECYLATION OF 30kDa TNF INHTBITOR MUTEINS

The €105 30KDa TNF Inhibitor mutein was exposed
to a 6-fold molar excess of DTT in 50mM HEPES Ph 7.0
for 30 minutes at ambient temperature in order to
remove an extra c?steine attached during the refolding
process. The protein was then dialyzed against de-
gassed SOmM HEPES pH 7.0 for 2 hours to remove the DIT.
The cl05 30kDa TNF inhibitor was then reacted with a S
fold molar excess of pegylating reagent 1 (See Example
1A) for 2 hours at ambient tempersture in 50mM HEPES pH
7.0. Approximately 60% of the mutein was converted to
the pegylated form.

The ¢105 pegylation reaction mixture was loaded
onto a superdex-75 FPLC coclumn (Pharmacia) zun at 0.25



plasma c| earance decreases and hence the intravenous nmean res
and plasma IL-ira di sappearance hal f-lives increase. The si
pegyl ation--is inmportant in determ ning the extent to which tf
decr.eases the plasma cl earance and prol ongs the neans- reside
addition of two PgGs to IL-1ra prol ongs the I ntravenous mnean
fourteen-fold .conpared to wild type IL- T?h 2. Subcutanegus

ettty REg ity S P e E T

i nj ection of tbatadhéay edoSePER SOkber MNFtinkdditor were pooled and
icaded on a TSK-2000SW HPLC column (Bio-Rad) run at
0.2ml/min in the same buffer. The fractions containing
essentially pure ¢l05-PEG 30kDa TNF-inhibitor, as
determined by silver stained SDS-PAGE, were pooled and
the protein concentration determined by Blo-Rad protein

assay. See Figure 9.

The activity was determined using the murine
L3929 cell TNF cytoxicity assay as described in U.S.
Patent Application Serial No. 07/555,274 filed July 19,
1990,

EXAMPLE XII:_ 2 _PREPARATION OF BIS~-MALEIMYDO PEG
The synthesis of the e-(2-aminoethyl) -
aminopoly (oxyethylene) derivative of the PEG
(hereinafter bisaminc PEG) consisted of three steps:
1) sulfonation of the hydroxyl group using tresyl
chloride as described by Nilson and Mosback (Nilson et
al., Methods in gnzvmelogv vol. 104, pg. 56, Academic
Press, Inc., N.Y., N.Y. (1984)), 2) substitution of the
tresylated intermediate by phthalimide (Pillai et al.,
___Q;g&*gn,m. vel. 45, pg. 5364 (1980)), and 3)
-reduction ¢f the phthalimide intermediate to anine by
hydrazine hydrate (Pillai, supra.). Structures of the
starting material, intermediates, and products are
. shown in Appendix 1 to this Example. Optimum
conditions permitted a conversion of approximately 80%
of the hydroxyl to amine as determined by 2,4,6-
trinitrobenzene sulfonic acid (TNBSA) assay. The
‘bisamino PEG can be purified frouw the reaction mixture
by ion-exchange chromatography. This is a key step for
‘rémoving reactive byproducts which can interfere with
dimer formation.
The bisanino PEG was acylated using maleic

anhydride (Butler gt al., Methods in Enzvmologv Vvol.
25, pg. 191, Acaderic Press, Inc., N.¥Y., N.¥. (19272})



sanples were drawn fromthe tail vein and assayed for natlveloﬂEpﬁﬁihé$?d#ﬁET
TL-1ra, by enzynme-1inked i munosorbent assay (ELISA). The resQIUrﬁq~

subcut aneous plasma I L-lra concentration vs. tine curves are: pIotted in
Figure 11. The subcut aneous - 48- pharmacoki neti c data (Table éﬁ*f Ve&I/ |
variable systemc availability for the gggyl aned nuteins, rehaﬂed to the o
site and size of the PEG and related to subcutaneous T
and the resulting intermediate was cyclized to produce.‘MW,“

c-(2-malelmldoethyl—b-malelm‘dopo’y(oxyethylene)
(Winsch et_=21., Biol. Chem. Hoppe-Saviex vol. 336, Ppg.
53 (1985)). This derivative reacts with sulfhydryls
via a Michael addition to form a staklis thioether.

APPENDTX TO EXA E I
Starting Material
Generalized formula for nolyethylene glycol PEG,

HO= (CH,CH,0) =
where x denotes the average molecular weight of the
polymer in kxilodaltons and n is the average nunber of
repeating oxyethylene groups.

Intermediate 1
F3=CH,=S50,=0= (CH,CH,0) ;- (CH,CH,) ~0~S0,~CH,~F;

Intermediate 2

@N‘ (CH,CH,0) 4.y = (CH,CH,) =N

0
nte te
" H N~ (CH,CH,0) ., (CH,CH,) -NH,

ntermediate

1
Hcoc-CH-CH-ﬁ—NH-(cxzca 0) ;= (CH,CH,) —NH—C—CH=CH-COOH

O-(2-maleimidoe 1) ~0'-met ~polvethvlene glvco
| - (cn,cn0) - (cuem) ¥ |

B _XTIY: 0 _RESUL F cl0S _30kDa
INHIBITOR PEG COMPLEXES

The inhibitory effects of four species of



injection in non-optimzed fornulatvions. Table 3 also reveals a~JP~

remar kabl e positive influence of pegylation on the nean reS|dence time
for.subcutaneously injected IL-Ira. As the size of the PEG i 5 | nereagedy:
the mean residence tine is generally increased. This increase;is probably
the result of nolecul e-size-related sl ower absor ption throughi t he-t-ynphatie- :
circulation (longer nean absorption t~®3s) as well as to del ayed clearance

after the pegyl ated nol ecul e reaches the systemc c culatlon%%pl sna)
Thi s pr ol ongeEyaRbed SRR | 471 Wi THREPEHEESE

character ofinswhgid reato |difif@rant MNBFStinuiated physiological
actions. One endpoint was the appearance of IL-6 in
the plasma of mice that were injéc:ed intravenously
with human recombinant TNF. The seccnd andpoint was an
increase in the migration of neutrophils into the
peritoneal cavity after the intraperitoneal
adrinistration of human recombinant TNF.

Experiment One. The intravenous administration
of cl05 30kDa TNF inhibitor (PEG; 55y, PEG; sqor PEG;q goo)
simultaneously with human recombinant TNF inhibits the
induction of IL-6 in the plasma of mice.

BALB/C female mice weighing 20 to 23 g were
used to measure the induction of plasma IL-6 levels by
human recombinant TNF. In a preliminary experiment,
the time course was plotted for the appearance IL-6 in
the plasma after the intravenous administration via the
tail vein of two doses o6f human recombinant TNF (Figure
12). Peak IL—~6 levels occurred at twa hours after
stimulation with either 10 or 20 ug of:human
recombinant TNF per‘mouse. The lower dose was used in
subsequent .experiments.

The potency of c¢105 30kDa TNF inhibiter PEG,,
dumbbell with- that of the unnegylated ¢105 30kDa TNF
inhlhxtor was ccmpared. Human recomblnant TNF was
injected 1ntravenously at 2 dose of 10 ug per nouse
either alone or simultaneously with the TNF inhibitors.
Four different reactions of inhibitors to TNF were
tested (Figure 13). The ratics were calculated based
on protein contené. Three mice were tested at each
dose., Blood was collected at twe hours after the
intravenous injections. IL-6 levels were measured by
ELISA.

Both the ¢105 30kDa TNF inhibitor and clo0S
30kDa TNF inhibitor PEG,,, dumbbell caused nearly
complete inhibition of IL~6 levels when administered at



H T "‘”c vl
- 49- . -50- EXAMRPLE X: PREPARATI ON OF 30KDa TNF | NHI BI TJRRWE@@
Cysteine has been substituted for the native residue at bofh|the-am no ’
term nus and carboxyl terminus of the protein as well as afl| 0O &@&R 1997
-54_

10:1 and 5:1 ratios of inhibitor to TNF. 2t ratics of
1:1, the c105 30kDa TNF inhibitor PEG,,, dumbbell
caused 95% reduction of IL-6 levels stimulated by TNF
alone, whereas the unpegylated c¢105 30kDa TNF inhibitor
reduced IL-6 by only about 70%. The results of this
experiment indicate that in the retios tested, both the
cl05 30kDa TNF inhibiteor and c¢105 30XDa TNF inhibitor
PEG,qy, dumbbell were good inhibitors of this TNF-
stimulated physiological parameter. At a ratio of 1:1,
the €105 30kDa TNF inhibitor PEG,y, dumbbell caused a
greater percentage inhibition than the unpegylated
inhibiter.

Two other species of pegylated ¢l105 30kDa TNF
inhibitor were tested. The inhibitory effects of c¢10S
30kDa TNF inhibitor PEG; ., dumbbell and c1065 30kDa TNF
inhibitor PEGwJN,dumbbell were tested on plasma IL-6
induction. The inhibitors were administered by
intravenous lnject on sxmultaneously with human
recombinant TNF at ratios of 1:1 (cl05 30kDa TNF
inhibitor dumbbell: TNF) (Figure 14). Three mice were
tested in each Gf the two inhibitor-treated groups.
Ten mice were injected with TNF alone. When

administered in ratios of 1:1, no detectable IL~6 wés

measured in plasma of mice injected with either c105

30kDa TNF inhibitor PEGy ¢qg dumbbell or cl05 30kDa TNF
1nh1b1tor PEGg 590 Qumbbell, whereas & significant IlL-6
response was elicited in the nice injected with human

recombinant TNF alone.

The results of the two experiments show that
€105 30kDa TNF inhibitor PEG, g, PEGssg, and PEG gq
dumbbells are good inhibitors of the induction of
plasma IL-6 by human recombinant TNF when administered
in a low ratio (1:1) relative tc the stimulus.

Experiment PTwo. The subcutaneous
administration of ¢105 30kDa TNF inhibiter (PEG
PEGyg 00 3N@ PEGy gq0) simultaneously with the

3,500



A s b mion o e

gl ycosylation sites (residues 1, 14, 105, 111 and 161 as seen |nvfygum$ng SEET
Mut agenesi s was Perfornmed on S|ngle stranded DNA fromthe 3CkDa T R
i nhi bitor gene cloned into the bacteriophage ML3. This gene _is. descm
detail in U S. Patent Application Serial NO. 07/555,274 filed July ¥
1990. Mut agenesi s was done as descri bed by Kunkel et al. (1987) (see . ..
Exanpl e V). The nutageni zed gene was i=®@-at ed and subcl oned+into the o
expression vector pT5T (Eisenberg et ai., Nature vol. 343, pg:-34%.(1989)).. ...
and transf or iatrageritenddl cigjession sfshanast racrobingsti TBE21DE3. The

3GkDa TNF i nhighste SIUGEL IR SEICIONToF | Rutbdphelsl d8€o the
peritoneal cavity.

BRLB/c female mice weighing 20 to 23 g were
used to measure the aigration of neutzephils into the
peritoneal cavity after stimulation witZ human
recombinant‘TNF. The technigue used is that of Kim
McIntyre et _al. (J. Exp. Med. vol. 173, pg. S31 (1991))
and is described in briaf herein. Mice are injected
with TNF in a volume of 0.1 ml directly into the
peritoneal cavity. Four hours later the mice are

}
H
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killed and an immediate post mortem lavage oI the
peritoneal cavity is performed. Four ml of Hank’s
Balanced Salt Solution (HBS) (calcium and magnesium
free) is injected into the peritoneal cavity. The
abdomen is gently massaged. The peritoneal fluid is
recovered by aspiration with needle and syringe. The
total number of peritoneal cells is counted on a
Coulter counter. An aliquot of the cellular suspension
is dried on a slide and stained with Diff-Kwik stain.
A differential count of the cells is made by direct
microscopic examination. One hundred cells are
examined and classified as either neutrophils,
lymphocytes, or macronhages.

" In a preliminary experiment, the comnared
cellular make-up of the lavage fluid after
intrapéritbneal admihistration of either pyrogen~free
saline or 7.5 ng human recombinant TNF was compared.
TNF caused an increase in the percentage of neutrophils
and in the absolute number of neutrophils present in
the peritoneal lavage fluid. In saline-treated mice,
9.4 X 10% neutrophils were recovered in the lavage
fluid and made up only 2.3% of the tot tal peritoneal
cells. In TNF (7.5 ng)»treateq mice, the total number
of neutrophils was increased to 12.9 X 10° and the
pércentage of neutrophils was increased to 19.7%.

The potency of unpecvlated ¢l05 30kbDa TNF
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as -descri bed for native 30kDa TNF-inhibitor. See, the U S. Pa @H@LACE F
Application Serial No. 07/555,274 filed July 19, 1990. Refold]n Lﬁc{ud
the addition of cysteine to the solution containing the purif}egd 5 tei
The cysteine aids in the refolding and "bonds to" the free cyptki Hé HARtH
mut ei n. EXAMPLE Xl : . PEGYLATI ON OF 32kDasgNF | NHI Bl TOR MJUTEI The c105

30kDa TNF I nhibitor nutein was exposed to a 6-fold nolar excess of DIT in
50mM HEPES Phimhibifor ®@thi thtee atgglbtedt stecpesatfirelods :
an extra cystgkpeiﬁ{.‘&gg@gg qlgébglgmt'hg..&‘ego%lj di g ﬁ@gessdu};@%&&%el n was

then di al yzed agal
was also compared. Keeping the TNT stimulus constant

C -
t=

Y

AT
n.
;

at 7.5 ng per mouse, the inhibitcrs were tested at -

ratios of 100:1, 10:1, and 1:1 (ci0S 30kDa TNF

inhibitoxr species: TNF). The ratios were calculated

based on protein content. The mice were injected

subcutaneocusly with the cl05 30kDa TNF inhibitor

simultaneocus to the intrapexitonez) administration of

TNF. Six mice were tested in each dose group. Four

hours later the peritoneal lavage fluid was collected

and analyzed. Values shown in Figure 15 are the

percentage neutrophils in the peritoneal lavage fluid.

The lowest ratio at which the unpegylated ¢105 30kDa

TNF inhibitor and c¢10S 30KDa TNF inhibitor PEG; g4,
dumbbell 51gn1f1cantly inhibited neutrophil migration
is 100:1. The ¢105 30kDa TNF inhibitor PEG,q g00 8N4
PEC;q, 000 dumbbells significantly inhibited neutrophil
migration at a ratio of 10:1.

B The results of tnis-expe;imené show that cl105
30kDa TNF inhibitor PEG;ge, PEGye geq aNd PEGpg goo
dumbbells are good inhibitérs of the TNF-stimulated

" neutrcphilic migr&tion inte the peritoneal cavity. The
cl05 30kDa TNF inhibitors PEG,) ., and PEG,, app Qumbbells
were more potent than the unnegylated cl05 30kDa TNF
inhibitor and the <105 30kDa TNF inhibitor PEG; gp-

~

PLE_XIV: _PREPA IOACTIVITY OF ©105 30XDa
TNF INHTRITOR PEG DR ' '

Svynthesis

Recombinant c105 30kDa TNF inhibitor 2-3 mg/ml is
treated with a 4~fold wolar excess of DTT for 2 hrs at
ambient temperature. The TNF inhibitor is then
dialyzed against de-gassed 50mM HEPES, pH 7.0, for 3
hrs at 4°C. To create the PEG-linked dumbbell, the TNF
inhibitor is reacted with different molar ratios of the
bis-maleimido PEG in 50 mM HEPES pH 7.0. TNF inhibitor




gassed 50mM HEPES pH 7.0 for 2 hours to renove the DIT. The cI@53CkDa ThFE——
I nhi-bitor was then reacted with a 5 fold nolar excess of pegyféfFHg é gehT‘ !
1 (See Exanple 1A) for 2 hours at anbient' tenperature in 50ﬂN1HEPES pH i
7.0. Approxi mately 60% of the nutein was converted to the pegmlaﬁgﬂpiﬂp !
The“clo5 pegyl ation reaction nixture was | oaded onto a superdex 75 FPLC™ §

colum (Pharmacia) run at 0.25 m /nrd7tn 50nM Tris pH 7 q,‘leonN}Na@ ''''''''''
Fractions :

e sy

is reacted with an ecuimolar ratis of bis-maleifmido——-—wrimm ool
PEG. The reactions are incubates Igr 3-12 hrs at
ambient temperature. after incubaticn, the PEG-linked
TNF inhibitor dumbbell is purified fronm un-PEGylated
and singly-PEGylated TNF inhibitor using MONO-S FPLC in
50 mM HOAC, pH 4.0, using a 260 mM, 310 mM and 350 mM
NaCl step-gradient. The PEG-linked TNT inhibitor
dumbbell elutes at the 310 mM NaCl step. Any remaining
unPEGylated TNF inhibitor is removed by chromatography
on Superdex’S5.

STEPWISE REAGENT ADDITION:

' After DTT treatment and dialysis into 50 mM
HEPES pH 7.0, an equimola* amount of bis-maleimido PEG
is added, after 1. 5 hrs incubation another equirolar
amount of bis-maleimide PEG is azdded. This is
incubated for 1.5 hours. This leads to an optinized
level of PEG-linked dumbbell formation. Then & 2~fold
excess of PEG reagent is added, giving a final PEG-TNF
inhibitor ratie of 4:1. This is incubated for 2 hrs
and the mixture is diélyaed into 50 mM acetate DE £.0
for Mono~S chromatography. This yields a mixture which
is primariiy PEG-linked dimer and singly PEGylated TNF
inhibitor. This allow for more efficient purification
of PEG—llnked dumbbell as there is a greater senaratlon

" between singly PEGylated TNF inhibitor and dumbbell
than dumhb§11 and unPEGylated TNF inhibitor.
This procedure optimized dQumbbell formatien,
. and allowed for more efficient purification.

SIEP REACTION:
_ After DTT treatment and dialysis into 50 mM
HEPES pH 7.0 an 8-fold molar excess of bis-maleimido
PEG is added. This is incubated for 2 hrs at ambient
e temperature. This converts essentially all the TNF
inhibitor to singly-PEGylated form. The singly-
PEGylated TNF inhibitor is separated from PEG reagent



cont ai ni,ng c105- PEG 30kDa TNE-i nhi bi tor were pool ed and | oaded on & - ...~ 0

TSX- 2000SW HPLC col um (Bio-Rad) run at Q2m/nin in the sang’ buT?%r:;:Mf:Lf
fractions containing essentially pure c105- PEG 30kDa TNF- |nh|§|tor as :
determ ned by silver stained SOS-PAGE, were pooled and the protern§ft 0557
concentration determ ned by Bi o- Rad protgln assay. See Figurie:!9. The

activity was -determ ned using the nuri n8°T. 929 cell TNF cyth|C1ty -assay - as';
described in t male Nowm B7555 2 d iR y_19,
1990. EXAI\/PLIE’g‘a‘ |a£f|§ﬁ$’@§glmc%bd§@m'$ MALEMTO Pé’éfh& M

HPLC in 50 mM acetate pH 4. 2 NaCl gradient. The

singly=-PEGylated material is diaflltered inte 50 mM
HEPES, pH 7.0, and concentrated to z~4 mg/ml. DTT }
treated TNF inhibitor is then added to allow formation
of PEG-linked dumbbell. After 2 krs, the PEG-linked
dumbbell is purified using Monc—S =PLC. This method
may be used to form a PEG-linked heterodumbbell by
adding a second, distinct protein compound.

This procedure optimizes dumbbell formation and
can be used for the formation of heterodumbbell
compounds. However, this procedure is somewhat labor
and time intensive.

ocactivi of PEG-linked TNF iphibito umbbells
The ability of cl05 30kDa TNF inhibitor dumbbells to
inhibit the cytotoxicity of TNFe in the murine Ls29%
cell cytotoxicity assay was measured. This has allowed
for the determination of an ED,, for thase molecules.
They are as follovs: g
Wild Type rTNF inhibitor 220 ng/ml

BMH~-linked dumbbells 220 ng/ml
1200 MW PEG-dumbbells 4.1 ng/ml
3500 MW PEG-dumbbells 4.8 ng/ml
10,000 MW PEG-durbbells . 4.6 ng/ml
20,000 MW PEG-dumbbells. 4.2 ng/ml

The TNF inhibitor dumbbells alsoc have greatly increased
activity in inhibiting the cytotoxicity of TNFS in the
L929 bio-assay. The EDy, values against TNFB are as

follows:
Wild Type rTNF inhibitor 70 pg/nl
3400 MW PEG-dumbbells 80 ng/ml

20,000 MW PEG-dumbbells 22 ng/ml



The' synt.hesi s of the a-(2-am noethyl) [err]- am nopol y(oxye r@@p{gggmtmT SHEET
derirvative of the PEG (hereinafter bisam no PEG consisted of e—St-eps-
1) sul fonation of the hydroxyl group using tresyl chloride psfdescribed by
Ni I son and. Mosback (Nilson et al., Methods in Enzvnol ogv vpl| OroBARp§I7
56, Academic Press, Inc., N Y., N.Y. (1984)), 2) substitutipnlof the_ _
tresyl at ed |nterned|ate by phthal imde3@Pillai et al., | Odg. Chem vo

45, pg. 5364 (1980)) and 3) reductlon of the'ghthalln1de i hternediate to .
am ne by hyd&EAME 3 : : D@ LWR”e starting

——

Mat eri al , i ntié¥asdiidltes, and products ar e
. travenous vh acokinetics Zpz 9 ated 30kDa
toxr

The pharmacokinetic character of several
pegylated 30kDa TNF inhibitor mclecules was determined
following inﬁravenous adninistration ¢f the molecules
to rats. Native or pegylated TNF inhibitor was
injected as an intravenous bolus dose. Serial blood
samples were”d:awn'from the tail vein and assayed for
non~pegylated or pegylated TNF inhibitor by enzyme-
linked immunosorbent assay (ELISA). The resulting
intravenous plasma TNF inhibitor conhcentration vs. time
profiles (Figure 16) illusirate that pegylation has =2
pronouncad influence on the disappearance of TNF
inhibitor from the plaswpa after intravenous injection.
Statistical moment theory (area under the curve [AUC]
and area under the first moment curve [AUMC]) was used
to interpret the data of Figure 16. The data indicate
that pegylation prolongs the intravenous mean residence
time of TNF inhzbltor up to fifty-fold in the rat
(Table 4). The intravenous mean residence tinme
increases as the size of the attached PEG nrolecule
c increases (Table 4). Although.noﬁ limited by theory,

the prolongation of mean residence times may be

explained based on conventional pharmacokinetic theory
which states that the intravenous mean residence time
for a drug is inversely related to the plasma clearance
for the drug and directly related to the apparent
volume of distribution for the drug. Pharmacokinetic
analysis of the disappearance of pegylated TNF
inhibitor’s from the plasma indicates that the

prolongation of half-lives is inversely related to a

decreased plasma clearznce for the pegylated molecules,

compared to non-pegylated TNF inhibitor (Téble 4)}. The
decrease in plasma clearance is consistent with an
anticipated size-related decrease in glomerular




shown in Appendix 1 to this .exanple. Optinum conditions peri §f@d-aumnr o
conve[5|on of approximately 80% of the hydroxyl to am ne,as. de;ernﬁhe ;bywm,
2,4,6- trinitrobenzene sulfonic acid (TNBSA) assay. The blsanlno PEG can
be purified frod the reaction m xture by ion-exchange chronatographyfvTh@
is a key step for renoving reactive bypgoducts which can |nzerfere W th ?
di nmer fornatlon The bi sami no PEG was acyl ated using nal ei ¢ anhydiide™ T
l(BUt | *N v, B rftgx Qﬁdstﬂé‘ PR RO ecUeu1ds b0 enkd hidi@denic Press,
nc.,
' Because © the probable gualitative similarity between

rats and humans in plasma clearance mechanisms for TNF
ihhibitor, it is apparent that pegylation will —
similarly improve the nharmacokxnetic properties of TNF
inhibitor in hu-ans. ‘ -

2. Subcutaneous pharmacokinetics for vegvlated 30kDa
F inhibitor :

Absorption pharmacokinetics of pegylated TNF
inhivitor have been characterized following
subcutaneous injection of the molecules to rats.

Serial blood samples were drawn from the tail vein and

assayed for non-pegylated or pegylated TNF inhibitor
5 concentration vs. time curves and are plotted in Figure
17. The subcptaneoué pharmacokinetic data (Table 4)
reveal variable systémic-aéailability for the pegylated
moelecules, related to the size of the PEG, and related
to subeutaneous injection in non-optimized
fo:mulaticns. Table 4 also reveals a positive
'influence of pegylation on ‘the ‘mean residence time for
subcutaneously injected TNF inhibitor. As the size of
the PEG is increased, the mean residence time is
generally increased. While not limited by theory, this
increase is likely the result of size-related slower
absorption through the lympnatic circulation (longer
mean absbrp;ion times) as well as delayed clearance
once the-peéylated molecule reaches the plasma. This
prolongation is proefound and will improve the
pharmacokinetic character of subcutaneous TNF inhibitor
in humans.

(8]
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EXAMPLE XVI. SOLUBILITY OF PEGYLATED PROTETNE
Il=1xa
Results of a solubility study are shown in
Figure 18. Solubility curves are shown for three
different preparations of IL-lra, and c84 IL-lra



-52- . and the resulting internediate was cyclized to jroduce::~-a--
(2-mal ei m doet hyl -[err]-mal ei mai -dopoly (oxyet hyl ene) (VVnsch’eP‘%L=
Bi ol .. Chem . Hoppe-Sevl er Vol. 336, pg. 53 (1985)). This derivative’ reacts

with sulfhydryls via a Mchael addition to forma stable thloethsr AL T
APPENDI X TO EXAMPLE Xl | Starting Mterial Ceneralized fornuia for B
pol yet hyl ene gl ycol PEGM [err -61- g b e

PEGgsqy- The exgeriments were prefcrmed at 37°c ina - -
microliter plate with all proteins zt 160 ng/ml. The
plate was sealed with 2 cover and then read in a plate
reader at 405 nm at various time peints. An increase
in abscrbance is an indication of protein
precipitation. There is clearly a decrease in the
amount of protein fzlling out of sclution for the
PEGylated sample relative to native IlL-lra.
okDa TNF_inhibitor

Native 30kDa TNF inhibitor cannot be
concentrated to more than S mg/ml. TFollowing
PEGylation, the solubility was increased at least S
fold.

PLE XVII; PREPARATION OF IIL-2 INHTB
HETERODUMEBELL
A PEG-linked heterocdumbbkell may be formed by
first pegylating IL~2rec in the presence of an excess of
bis-maleimido PEG. The singly pegylated IL-2re may be
- purified and IL—2*ﬂ added to react wzth the zemaining
reactive maleimlde group to form the hetercdimer.
Potential sites for PEGylaticn of Il-2xc
include both the amino and carboxyl terminal residues,
the two N-linked glycosylation sites, as well as the
native free cysteine residue in the molecule. Cysteine
residue 192 in the soluble extracellular domain ef Ii-
, 2rc has been idehtified as being uninvolved in
disulfide bonding. (Miedel et _al. BBRC, vol. 154, pg.
372 (l988)). This cysteine'residue lies in an epitope
of an anti-IL-2re monoclonal antibody that dees not
affect IL-2 binding to IL~2ra (Lorenzo gt al. J.
Immunology, vol. 147, pg. 29870 (1991)). This indicates
this residue is a likely candidate for BEGylation
without affecting the activity of IL-2ra.
For IL-2r8, the potential sites include both
the amino and carboxyl termini, the 4 N-linked
glycosylation sites and a region (a.a. #108-118) that




where x denotes the average nol ecul ar wei ght of the pol yner
and n i's the average nunmber of repeating oxyet hyl ene groups.
-53- pegyl ated c105. 30kDa “TNF i nhi bitcr species were tested

di fferent TNF-stinmul ated physi ol ogi cal actions. One endpoint
appearance of IL-6 in the plasma of niLgg.that were injeczed
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is similar to a region of biological significanc
the murine erythropoietin receptor (Yoshimura, Longmore
and Lodish, Nature, vol. 348, pg. 647 (1890)). Point
mutational analysis of other residues in the receptors
may also allow for identification of other sites of
PEGylation that yield optimal properties in the
heterodumbbell molecule.

EXAMPLE XVITT: PRE T O TERODUMBRELLS WHEYICH
B b CLASSICAL PATHWAY OF COMPLE s
Many proteins which regulate the complement

system have been identified and cloned. Some of them

are membrane proteins. One of the membrang proteins is

called CR1l (complement receptor 1). The soluble form

of CR1 has been examined in in vivo models of diseases.
... The complement inhibitor inhibits post-ischemic

myocardial inflammation and necrosis (Weisman et al.

Science, vol. 149, pg. 145-151, 1990}, reversed passive
arthus reacticn (Yet et al. J. unologv, vol. 146,

Pg. 250-256 (1991)), ;nd_allograft rejection (Pruitt et
al. J. Surgica) Research, vol. 50, pp. 350-355 (1991)).
The soluble CR1 binds to €3b and C4b. It
consists of 30 short consensus repeat seéuences (SCR) .
Most of SCR contain one possible glycosylation site and
four cysteines. all of the cysteines are likely be to
involved in diSulfide bonding. SCRs 1-4 are found to

be involved in C4b binding. Two separate porticns of
CR1, SCRS 8-11 and SCRs 15-18, are involved in C3b
binding (Klickstein et al. J. Exp. Med., vol. 168, pp.
1699-1717 (1988); Kalli et al. J. Exp. Med. vol. 174,
pp. 1451-1460 (1991)). According to this invention, it
is possible to procduce a hetercdumbbell which contains
the C4b binding domain and the C3b binding domain of
CRl.

The SCRs which contain C4b binding and C3b
binding domains of CR1 may be cloned using PCR. These
SCRs will be SCRs 1 through 5 (C4b binding) and SCRs 8



wi th human reconbi nant TNF. The second endpoint was an increase

m grati on of

| ntraperironeal
The intravenous adm nistration of c¢105 3CkDa TNF i nhi bitor (F EC{e{{h&
PEG'err] PEGerr]) sinultaneously with human reconbi nant TNF; |nh|b|ts

i nducti on of

neut rophil s into the peritoneal cavity after {h#&t

IL-6 in the plasma of m ce63BALB/c fenmale m ce welgmng 20--t0~-'{
23 g were used to nmeasure the induction of plasma IL-6 |evels by human
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admi ni stration of human reconbi nant TNF. "Exp¢ rinenf“tﬁé'""m;

aEREnT

he

reconbi nant HhFough 32p(EPPnPABREENEYper ThENES Efe A ics e sms protted
for the appes¢@8CBaylb8 tloned in T. coli expression vector. The

E. coli expressed-proteins may be reifsided and
purified. The success of refolding can be analyzed by
the capacity to bind polyC3b or poiyCfih. In vitro
mutagenesis of these genes may. be catried out to
substitute native aminc acid residuves tc cysteine.
These cysteines may then be used to l1ink the PEG
molecule. Possible sites for PEGylation will be the
glycosylation site oxr carboxyl terminal residue of SCR
S and SCR 12. The C4b binding and C3b binding domains
which contain an extra cysteine t¢ the carboxyl
terminal residue could be constructed and used for
linking PEG molecule. The PEG linked heterodumbbell
may be produced by the two step process of Example XIV.
Purification may be carried out by ion-exchange
chromatography. | '

EE_A__H_PLE .99 4 SEE___T!EQ_SIS"OF AN TL-lra BIS (MALEIMIDE) =
EEET DER D - GROWTH .'AC‘TO _’DEPTIDE PEG
HEEEROQU&QBELL o ' -

The platelet derived growth factor (PDGF)
peptlde YGRPRESGKKRKRKRLKPT is described in Khachigian,
L. et al. J. Biol. chem., vol. 267, pg. 1660-1666
(12921). A terminal C was added to permit coupling to
the maleimide. o

‘The, heterodumbbell was synthesized in two
steps. 1In the first step, 1.6 nanomoles of IL-1ra
suspended in 3 ul of 0.05 M Hepes buffer, pH 7.5, was
nixed with 6.4 nancmoles of bis-maleimido PEG;g,
dissolved in 11 pl of the same buffer. This reaction
was carried out for 30 min at 20°C. In the second
step, 32 nanomcles of the PDCF peptide dissolved in 4

 ul of 0.2 M sodium phosphate buffer, pH 7.0, was added

to the products of the £first reaction. The reaction
was allowed to proceed for 1 hr at 20°C. The reaction
was then terminated by the addition ¢f an equal volume
of SDS-PAGE sample buffer containing 30 gmoles of 2-

e,



the plasma after the intravenous administration via the tail! vgisn, of EWo. 77
doses of human reconbinant TNF (Figgle 12). Peak IL-6 |levels gccufied.at
two hours after stinulation with either 10 or 20 ug of human rieconbi nant ,
TSF per-nouse. The |lower dose was used in subsequent .experimenfg. sARe37. = |

potency of c¢105 30kDa TNF inhibitor PEgGerr] dunbbell with that of the U
unpegyl at ed -c105 30kDa TNr i nhibitor was conpared. Human regonbi nant™ TNF *-°
was injectedorpbhaveRfudy At a dose of 10 ug per nouse either.alone or

si nul CaneousFy Wt the T67 |0y bi Lo s, Foute A{d £ e 5088 1 98 O

the reaction and the products of the complete two-—step
reaction,.as well as appropriate molacular weight :
markers, wWere separated by SDS-PAGE on 2 15%

polyacrylamide gel which was then stained with

Coomassie Blue. The two-step reaction gave an

additional band consistent with the predicted size of

the heterocdumbbell. Approximately 33% of the starting

IL-lra was converted to hetercdumbbell by the two-step
reaction.

The products of the first step of the reaction
can be isolated by cation exchange chrowmatography on
the resin S-Sepharose. The heterodimer may be isclated
by cation exchange chromatcegraphy due to the abundance
of basic amine acids in the peptidé.

It is to be.undgrstood-that the application of
the teachings of the ?resent_inventipn to a specific
expression system or pegylation reagent will be within
the capabilities of one having ordinary skill in the
art in light of the teachings contained herein. Thus,
it ' will be apparent to those of ordinary skill in the
art that vaficué modifications and variations can be
made in the process and products of the present
invention. It is intended that the present invention
covere these modifications and variations provided they
come withinhthe.scbpe of the appended claims and their
equivalents.



The ratios were cal cul ated based on protein cont ent .
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caused nearly conplete inhibition of

Three mce were tested at each dose.
-54-

the i ntravenous..injections.

test ed (Figure 13).
c105 3CkDa TNF i nhi bitor

104 U] SofauixoosuLIoyd Jouquyn] J-upgnoai] paiidag
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10:1 and 5:1 ratios of inhibitor to TNF. A ratios of 1:1, the c105 3Gkl Da_
TNF i nhi bi tor PEGS, dunbbell caused 95%reduction of 1L-6 |elVels, stimyated
by TNF al one, whereas the unpegyl ated cl o5 30kDa TNF i nhi bitor,.rédiced- L&,
by only about 70% The results of this experiment indicate that inthe -
rati os tested, both the c105 30kDa TNF i nhibitor and Cl105 3Ckf DalTNRAR ©%)
I nhi bitor PEF err] dunbbell were gogg inhibitors of this TNF: stimul at ed
physi ol ogi cal paraneter At a ratiO‘wg&ng‘/ the ¢105 3CkDa TNF Tnhi bi toF
PEG. ... dunbbel |l caused a greater percentage inhibition thanithe
unpegyl ated i nhi bitor.

SN

fypeol pegylation = noae goAc  stAgic  S=Ee Cumbbel dumbbell dumbbell
PEGlaaisa= fwild CIOS ClO5 QU5 clas C105 108

PEGsie = tvpel 0 8500 20000 3500 10000 20000
intravenous pharmacokincies
aumber of animals = 2 2 2 2 2 2
V4 steady-stte, mitkg = 230 240 140 390 93 130
plasma clearance, miJminfkg = 110 1.7 7 a8 a6 0.11
plasma measa residence time (iv), e = 037 3 L 68 . 10 19

sublutancous phanmacokinetics

aumber of animals = 2 1 1 2 2

systomic avpilability, % = 99° & bl 39 3%

plasma mean residence time (s.a), hr = 35 7.0 20 v} 17 30
mean absagption time,br=  32° 47 6.0 32 0 i1

* referenced to CLUS intraveaous pharmacokineucs

Mt s s A i A



Two ot her species of pegylated G G5 3CkDa TNF inhibitor wef eﬁﬁ%ﬁtEMEN”Tﬁer
I nhi bitery-effects of ¢c105 3CkDa TNF inhi bitor PEG3 50, dupb Ueff ~amd-cteh
3CkDa TNF inhibitor PEGerr] dunbbell were tested on plasna

on.
The inhibiﬂﬂ’ﬂﬂﬂﬁuﬂ gﬂr" stered by intravenous injection g nupt %@gﬂé é l
wi th huma F at ratlos of 1:1 (c105 30kDa “TNFALinhihit qr |
dunbbel | : (Fldhré 14). Three®hite were tested in each| of the two ’
i nhi bitor- treated groups. Ten mice were injected with TNF

adm nistered in ratios of 1:1, no detectable IL-6 was neasured in pl asma of
m ce injectguhIMsh either cS05

1. Substantially purified compounds c¢f the formule
Ry~X=Ry , wherein:

Ry and Ro, which may be the same or different, are
polypeptidic groups; and X is a non-peptidic polymeric
spacer.

S

2. Compounds according to Claim 1, characterized in
that each of R; and Ry has a cysteine group through
which the X group is linked, which may be present in a
naturally occurring form of a polypeptide or a mutein
thereof in which the cysteine group has been added to,
inserted into or substituted for another amino acid of
the naturally occurring form.
3. Compounds according to Claim 1 or 2, characterized
in that the peptidic binding groups R; and R, are coval-
ently bonded to said non-peptidic polymeric spacer by
thio-ether bonds. '
4.. Compounds according to Claim 1, 2 or 3, character-
ized in that R; and Ry are the same or different and are
v receptors, receptor antagonists or binding proteins.
5. Compounds according to Claim 1, 2 or 3, character-
ized in that the naturally cccurring form of the peptide
represented by each of Ry and Ry independently is selec~-
ted from the following:

IL-1 receptor antagonist, 30kDa TNF inhibitor,
40kDa TNF inhibitor, IL-2 receptor, CR1 PDGF receptor,
IL-2, MCSF receptor, EGF receptor, IL-5 receptor, IL-3
receptor, GMCSF receptor, T-cell receptor, HLA-I, HLA-
II, NGF receptor, IgG (Vyg, V), CD40, CD27, IL-6 recep-
tor, Integrins CR3, VLa,, ICAM, and VCAM, CR2, GMPl40
Lec domain, Laminin binding protein, Laminin fragments,
Mannose binding protein, exon 6 peptide of PDGF, and
proteases.

6. Compounds according to c1aim 1, 2 or 3, character-
ized in that R; and Ry, avxe muteins of IL-1 receptor

THIS SHEET HAS BEEN
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30kDa TNF inhibitor PEGerr] dunbbell or c105 30kDa TNF |thbh or " PEG.
wher eas a sighifieant—I L-6 response-was eI|C|ted (h “the nice
i njected with hunan reconbl NF al one. :The results of!the A W 25 ;
Blﬂaﬂm TNF i nhibitor PEGerr], PEQS[ ér7], and |

bitess- of the induction of plasﬁa“TL 6 by

F mhen adm nistered in a lowratio (1::1) relative._to..
Experi ment Two. The subcut aneous adni ni stration-of CT105 SOkEa

TNF i nhi bi t cdntE5Ghesk] BOHDY rinnchiidiess] =LAl rerReetvry o tdr] he

dunbbeH

PEJ err]

experi nent s sho i
dunbbe
T

hunman reconblnant
the sti nul us.

-

,'__._,_.... P

modified to contain at least one non-native cysteine
residue.

7. Compounds according to Claim &, characterized in
that:

(a) R; and R, are IL-1 receptor muteins having a non-
native cysteine residue at at least one of the sites 0,
B4, 6, 8, 9 and 141;

(b) R; and Ry are 30KDa TNF inhibitor muteins having a
non-native cysteine residue at at least one of the sites
1, 14, 105, 111 and 165;

(¢) Ry is the alpha form IL-2 receptor and R, the beta
form;

() R; and Ry are groups which impaxrt to the claimed
compounds biclogical properties distinct from those of
R; and R, alone;

or | _

(e) R; and Ry are biologically active portlons of pro-
teins selected f£rom the following: IL-1 receptor aat~
agonist, 30kDa TNF inhibitor, IL-2 receptor and CRy

8. Compounds according to any preceding Claim, charac-
terized in that the yolymeric moiety of the polymeric
spacer X is of polvethylene glycol.

9. Compounds according to any one of Claims 1 to 7,
characterized in that the polymeric moiety of the poly-

..meric spacer X is of polyethylene glycol, polypropylene

glycol, polyoxyethylated glycerol, dextran, a colonic
acid, a poly-beta-amino acid or a ¢arbohydrate polymer.
10. cOmpoundé according to any preceding Claim for use
in therapy.

11. A pharmaceutical composition comprising a compound
according to any one of Claimg 1 to 9 in a pharmacolo-
gically acceptable carrier.

12. A method of preparing & coampound according to c1a1m
3, characterized in that an X group-providing non-pepti-
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-55-" inteaperitoneal injection of human reconbi nant TNF |nh|b|ts»the
of neutrophils into the peritoneal cavity. BALB/c henmre“wrcé

nigratlor

wei ghin. 20.to 23 g were used to neasure-the—argration of neutcffHils into

thehperl tonealoI cavi thy af]Eer stinmul ation wlmun“mmu‘mmwant TNF cThe:
echnique used is that o K|n1NtInt e et vol . 173
931 (1991)) 43 < pg

Lre s i s o e

dic polymeric compoung, havzng at least two reactLVe
groups capeble of forming thiocether bonds when reacted
with d§éfe1ne amino acid residues, is reacted with R,
and Ry group-providing cysteine-containing
polypeptide(s) and in that the compound prepared is
isolated and purified.

13. A method according to Claim 12, characterized in
that Ry and Ry are difierent and the Rj-providing poly-
peptide is first reacted with the X group-providing
polymeric compound to form an intermediate -complex R;-X,
which is subsequently reacted with the Ry group-provi-
ding polypeptide.

14. A method according to Claim 12 or 13, characterized
in that the Ry, and Rz-groﬁps are as defined in any one
of Claims 1 to 7 and/or the X group is as defined in
Clgim 8 or 9.

15. A method according to Claim 14, characterized in
that the X group-providing polymeric compound is big~

maleimido polyethylene glycol.

16. An interleukin-l (IL-1) receptor antagonist, char-
acterized -in that one or two molecules of native IL-1
receptor antagonist are covalently attached to a wmale-

‘cule of a non-peptidic polymer through cysteine

residue(s) 116.

17. A mutein which is (1) an antagon;st of interleukin-
1 (IL—l) ‘receptor or (2) 30KDa TNF inhibitor, each
modified, compared with the naturally occurzring sub-
stance, %o contain at least one non-native cysteine
residue. -

18. A mutein according to Claim 17, characterized by
feature {(a) or (b) of Claim 7 or in that the cysteine
residue at position 116 of native IL-1 receptor antagon-
ist is replaced by ancther amino acid residue.

19. A method for the preparation of therapeutically-
valuable polypeptides having an increased -apparent
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and is described in brief herein. Mce are injected with TNF in _a volure—ef-
0.1 m direct|y—inte—the—peritoneal cavity. Four hours |atef”
killed and an i nmedi ate post nortem | avage oa t he per.itonea| -

per f or med. Fo m al anced Salt Solution (HBS) (&alcium
magnesi um fre ’” m m " to the7‘|?>eT| toneal cavity. Thela d e if %1%51997
gently nassage The" peritoneal fluid is recovered by aspirdtiion with

needl e and syrlnge The total number of peritoneal cells isjcounted on a R
Coul ter count esoledulad quedighdf comprdekBubd&r suspension is driie a—stide

and stained with D ffté@iﬁgskﬁbngene coding for said polypeptide by
site directed mutagenesis to create a gene coding fox a
mutein of said polypeptide contzining at least one non-
native cysteine residue; ' -
expressing said altered gene in 2 bacterial expres-
sion system;

purifying said expressed mutein;

refolding said mutein in the presence of a sulfhy-
dryl-containing compound; |

reducing said refolded mutein with a mild reducing
agent to free said mn—ﬁative cystaines; and

reagting said mutein with a non-peptidic polvmer
group containing an activating group that is sulfhydryvl
specific.
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A differential count of the cells is made by direct m croscopiCom——-

exam nation. One hundred cells are exam ned and classified as @mhhéf%tﬂtSii?

neutrophils, |ynphocytes, or macrophages. In a prelimnary expertnﬁnf”“The'”
conpared cel |l ul ar make-up of the lavage rluid after |ntraperht®neal 957 |
adm ni stration of either pyrogen-free saline or 7.5 ng human: reconbrnant ;
TNf was conpared. TNF caused an increase7in-the percentage of neutr.ophil.s ..t
and in the absol ute number of neutrophils present in the peritoneal |avage

fluid. in saline-treated mce, 9.4 X ABSTRARGHE r ophils were r ecovered—in the—

| avage
PEGYLATION OF POLYPEPTIDES

Compounds are disclosed having the general formula R1-X-R2,
wherein R1 and R2 are biologically active groups, at least one
of which is polypeptide, X is a non-peptidic polymeric group.
Rl and R2 may be the same or different. Preferred R1 and R2
groups are interleukin-1 receptor antagonist 30Da TNF inhibitor,
interleukin-2 receptors and CRI and muteins thereof. Also
included are site selectively modified interleukin-1 receptor
antagonist and 30kDa TNF inhibitor.
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fluid and made up only 2.3% of the tot al peritoneal cells. In TNF (7.5 ng)
-treated mce, the total number of neutrophils was increaseggl orcld 9 X, 105
and 'the percentage of neutrophils was increased to 19. %%?%%R&hﬁé?gnﬁ&ﬁgf
unpegyl aed c105 30kDa TNF -56- inhibitor with three pegyll at ed- speci es}of

c105 30KDa TNF inhibitor (PEGerr] PEFerr] and PEF err] dunb®elfsg 198
al so conpared. Keeping the TNF stinul us constant
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at 7,5 ng per nouse, the inhibitcrs were tested at ratios of 100:1, 10:1,
and 1:1 (clOb 3CkDa TNF inhibitor species: TNF). The *ratis were
cal cul at ed based on protein content. The m ce were injected subcutaqeously_
with the cl 06 3CkDa TNF inhibitor simultaneous to the intraperitgneal e
admi nistration of TNF. Six mice were tested in each dose grou Four hours
| ater the peritoneal |avage fluid was coll ected and anal yzed. Vahues shown
in Figure 15 are the percentage neutrophils in the peritoneal | avage fluid.

The | owest ratio at which.the unp%gylated cl @ 3CkDa TNF inhibitor and cl-OS
30kDa TNF inhibitor PEJerr]
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fisp Ser Val Cys Pro 8ln Bly Lys Tyr 1la His Pro Glan Asn Asn Ser lle Cys Cya
FIG.2

30 :
Lys Cys His Lys Gly Thr Tyr Leu Tyr fian Aap Cys Fro Gly Pro Gly Gln Asp Thr Aap
50

Cyu Arg Glu Oys Blu Ser Gly Ser Phuo Thr Ala Sor Gy Ao His Leu Arg Hig
70

Sor Cys Sur Lys Cys Arp Lyn Glu Het Bly Gin val Blu Ile &
20

frg Asp The Val Cys Gly Cys Arg Ly Asn 8in 7
150

Lys Gln fisn Thr Val Cys Thr Cys His Ala 8ly Phe Phe Leuw Arg 8lu Annc iy Dyn Vol
ier Cys Ser fAsn Lys Lya Lys Sor Leu Glu Cys Thre Lys Leu Dys Leu Bro Al i QU

1o, .
fhe Bin Cya Phe fisn Cys Sor Leu Cys Leu Asn Bly Thr Val His Leuw Ser Cys B
130

18
141
fisn
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dunbbel | significantly inhibited neutrophil mgration is 100:1. The cl G5
30kDa TNF inhibitor PEGerr] and PEJerr] dunbbells significantly inhibited
neutrophil mgration at a ratio of 10:1. The results of this experinent
show t hat ¢c105 3CkDa TNF inhibitor PEerr] PEGerr] and PEFerr] - .
dunbbel | s. are good inhibitors of the TNF-stimnulated neutrophilic mgration
into the peritoneal cavity. The c105 3CkDa TNF i nhibitors PE(J err]and

PEd err] dunbbells were nore potent than the unnegyl ated c105 3CkDa TNF

i nhi bitor and the cl 6. 3CkDa TNF 3/¥y bitor PEG err] EXAVMPLE XIV:

PREPARATI ON AND BI CACTI VI TY OF C105 30KDa

This Sheet Hag Been R

T



TNF I NH Bl TOR PEG DB Synthes is Reconbi nant c¢105 30kDa TNF i nhi bitor 2-3
nmg/m is treated wwth a 4-fold nolar excess of DIT for 2 hrs at..anbi-ent-.
tenperature. The TNF inhibitor is then dialyzed agai nst de- gass&d: 50V 5T
HEPES, pH 7.0, for 3 hrs at 46C. To create the PEG |inked dumbbeli<-the~TF\NF

i nhi bi.tor is reacted with different nolar ratios of the biis-imalei n dq.REG
in 50 mM HEPES pH 70. TNF i nhi bitor 0% The%dF

4/20

J
%
]

\

5\

FI16.48

FIG.4 A
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-57- is reacted with an equinolar ratio of bis-nmaleimdo PEG The reactions
are incubated for 3-12 hrs at anbient tenperature. After incubation, the
PEG | i nked TNF i nhi bitor dunbbell is purified fron un-PEGy| at ec~and------

si ngly- PEGyl at ed TNF i nhibitor using MONO-S FPLC in 50 mM HOACRERMCH, 0% F ~n

using a 260 mM 310 WM and 350 mM NaCi step-gradient. The PEG ITnked TNF

I nhi bitor dunbbell elutes at the 310 mM NaCl step. Any remai'nfng;
unPEGyl ated TNF inhibitor is renoved by chromatography on Superdex75-
STEPW SE REAGENT ADDI TI ON: 3/20 '

FIG.5

123150 7 891011 BIBLIBWAAY

IS T T AG Teltim
This Sheet Has Been Replaced THIS SULET HAS BLEN

LT




After

anmount of bis-maleimdo PEG is added, after

DIT treatnent and dialysis into 50 nm HEPES pH 7.0, an_equi nol ar

This leads to an optimnized | evel of PEG |inked dumbb
Then. a 2-fold excess of PEG reagent is added, giving a final

1.5 hrs incubat jloRss %%5?%#"'
equi nol ar anmount of bis-maleimde PEG is added. This is incs bated e
hours.

| | fornatlon.

PEG-THER W57
inhibitor ratio of 4:1. This is incubated for 2 hrs and the 11

di al yzed into 50 mM acetate pH 4.0 for
a, mxture which is primarily PEG |inked dinmer and singly P
inhibitor. This allow for nore efficigq%gpurification

@’/
=
3

Mono- S chronmat ography.
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of PEG I|inked dunbbell as there is a greater separation * b
PEGyl at ed TNF i nhi bitor and dunbbell than dunbbtl 1l and unPH
inhibitor. This procedure optim zed dunbbell formation, and

nore efficient purification. STEP REACTION. After DTT treat
dialysis into SO mM HEPES pH 7.0 an 8-fold nol ar excess of

PEG i s added. This is incubated for 2 hrs at anbient tenper
converzs essentially all the TNF inhibitor to singly-PEGI a
singly- PEGylated TNF inhibitor is se?% rated from PEG reage
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and any remai ni ng unreacted TNF inoibitor using MONO-S HPLC in-50 nM. .
acetate pH 4.0 with a Nad gradient. The singly-PEGyl ated natefii: aE'w NEEE
diafiltered into 50 mM REPES, pH 7.0, and concentrated to 2{4:~ Ny/m— ~BFF-
treated TNF inhibitor is then added to allow formation of PEGI|nked i
dumbbel | . After- 2 hrs, the PEG |inked dunbbel| is purified;usi ng W@no g
EPLC. Thi-s net hod may be used to forma PEG I inked heterodunbbell by addi.ng
a second, distinct protein conmpound.
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This procedure optim zes dunbbell formation and can be used for the
formati on of heterodunbbell conpounds. However, this procedure is sonewhat
| abor and tine intensive. Bioactivity of PEGI|inked TNF inhibitor Dumbbells,
The ability of c106 30kDa TNF i nhi bitor dunbbells to inhibit. the
cytotoxicity of TNFc in the nmurine L929 cell cytotoxicity assay 'was
nmeasured. This has allowed for the determnation of an EDerr],, for these
nol ecul es. They are as f ollows: WId Type rTNF i nhi bitor 220 ng/ m
BVH | i nked dunbbel |'s 22%&%/ m

¢ Lno,

MWSTARTIS 16 I7 18 19 20 2| 22

FIG. 9

This Sheet Has Been Replaced

BRI




1900 MW PEG- duml bbel I's

4.1 ng/m 3500 14W PEG dunoh

ng/ m 10; 000 MV PEG dunbbel | s

4.6 ng/m 2.0,000 MN PEC
4.2 ng/m The TNF inhibitor dunbbells also have greatly incr
in inhibiting the cytotoxicity of TNF[err]

in the L929 bi

ED[err] values against TNF[err] are as follows; WId Type
70 [err]g/ M 20, 000M MN PEG dunbbel | s
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EXAMPLE XV: PHARMACOKI NTI CS OF PEGYLATED 30kDa TNF I NHI BI TOR 1 ntravenous
nhar nracoki neti cs for pegylated 3CkDa TNF i nhi bitor The phar nacekineti-c -—.
character of several pegylated 30kcDa TNF inhibitor nol etules - Wagthl S-iol i
determined foll owi ng intravenous adninistration of the nbleculfesTo raty. .
Native or pegylated TNF inhibitor was injected as an intravenous ,bol us '
dose. serial blood sanpl es were drawn fromthe tail vein and- assayed fon
non- pegyl ated ar pegyl ated. TNF inhibitor by enzyne- : : -

11720

2500

o
O
o
O
T
| d
{

1500 + z\v

plasma IL-1ra, ng/mL
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| i nked i munosor bent assay . (ELI SA).

The resulting intravenous plasma TNF
i nhi bitor concentration vs.

tinme profiles (Figure 16) |IIuszate th@t' -
pegyl ati on has a pronounced influence on the di sappearance of ‘TNF i hhi'bi t or

fromthe plasma aft-er intravenous injection. Statistical nmonment. theo ry
(area under the curve {AUC] and area under the first nonment curve (AUM])
was used to interpret the data of. Figure 16a. The data indicate that

pegyl ati on prolongs the int-ravenous nmean residence tinme of TN? inhibitor

up to fifty-fold in the rat (Table 4). The intravenous ne an residence
tinme increases as the size of the attachgdﬂPEG mol ecul e
r4
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i ncreases (Table 4). Although-not limted by theory, the p o?gﬁﬁ%ilpn.dfﬁj'
mean residence tites nay be expl ai n~ed based on conventi onal }
phar macoki netic theory which states that the intravenous fean (£$ifenop
time for a drug is inversely related to the plasma clearangeifor the drug
and directly related to the apparent volunme of distribution for the drugy:
Phar macoki netic anal ysis of the di sappearance of pegylatedLlDE_thLbLtor's
fromthe plasma indicates that the prolongation of half-lives is inversely

related to a decreased plasna cl earangq /hgr the pegyl ated nol ecul es-,
conpared to non-pegylat&d TNF inhibitor (Table 4). The
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decrease in plasma clearance is consistent with an anti ci pat ed

si ze-prel ated decrease in glonerular

ncl ecul es by the kidneys. Because of the probable qualltatlve St
bet ween rats and humans in plasna cl earance nechani sns for. TNF i nhi bi tor
it 'is apparent that pegylation will simlarly inprove the pharm&c‘bkr et ¢

properties of TNF inhibitor

i n humans.
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2. Subcut aneous phar macoki netics for

Absor pti on pharmacoki netics of pegylated TNF inhibitor WV@E*{%E’\A&T S*iffET
characterized foll owi ng subcut aneous injection of the nol

vein and a<s yed f
non- pegyl ated or pegylated TNF inhibitor concentration vs.
are plotted in Figure 17. The subcut aneous phar nmacoki netiic

vari abl e systemc availability for the pegyl ated r

serial blood sanples were drawn fromthe tail

r eveal

Peovyl ated 3CkDa TNF inhibitor

It iChb ¥ M‘W’ P8
idata (Tabl e

rel at ed

ml' ecul es,
to the size of the PEG and related to subcutaneous injecdtion in -
non-optim zed 15/20
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formul ations. Table 4 also reveals a positive influence of pegylatio n on
the nmean residence tinme for subcutaneously injected TNF inhibitor. As._the
size of the PEGis increased, the nean residence tine is genq&ahly N TSIV
i ncreased. \While not I|n1ted by theory, this increase is Jlkely—{he—result{
of size-related slower absorption through the |ynphatic C|rculat|on (Ionger
mean absbrption tinmes) as well as del ayed cl earance once the p@gyfated

nol'ecul e reaches the plasma. This prolongation is profound and will inprove

t he pharmacoki netic character of subgy%gneous TNF i nhibitor in humans.
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EXAMPLE XVI. SOLUBI LI TY OF PEGYLATED PROTEINS Results of a solubility study
are shtown in Figure 18. Solubility curves are shown for three dlfferent
preparations of IL-lra, and c84 IL-Ira PEG err] The expérinent's ‘were
prefcred at 37 C in a mcroliter plate with all proteins-at 160 ng/m . The'
pl ate was sealed with a cover and then. read in a plate reader at 405 nm at

various tirae Points. An increase in absorbance is an indication of
proteiit
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precipitation. There is clearly a decrease in the anount OEWQLDL@LHm+ﬂWffﬁa
out of solution for the PEGyl ated sanple relative to natif%ggwj&EMEMde&Da{
TNF -inhibitor Native 30kDa TNF i nhi bitor cannot be concedtna%ed‘fﬁ”ﬁbfe C
than 5 ng/m . Follow ng PEGyl ation, the solubility was Inc&daéﬁq @&RH@@ﬁt151
fold. EXAMPLA XVII: PRPARATION OF IL-2 INH BITOR HETE %F' e R o

PEG | i nked het erodunbbell may be formed by first pegylatinpg jL-2ra.i-n-the- i
presence of an excess of .

—— T
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bis-mal eirido PEG The singly pegylated IL-2ra may be purified and
|L-2r[err] added to react with the renaining reactive nal ei m de group, to
formthe heterodiner. Potential sites for PEGylation of Il-2ra |nclude bot ft7
the ami no and carboxyl terminal residues, the two NIinked glycosylatlon 1
sites, as well as the native free cysteine residue in the nolecule: y:5% wny | |
Cysteine residue.. 192 in the soluble extracellular domain of fL- 2r[err] f;
his been identified as bei ng uni nvol ved in disulfide bonding: (Medel et - i
al. BBRC, vol. 154, pg. 372 (1988)). Tsi/®ecysteine residue tLies in an
epitope of an anti-IL-2ra nonoclonal antibody that does not )
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affect,IL-2 binding to IL-2ra (Lorenzo et. al Inmunolocrv, vol. 147, pg.
2970 (1991)). This indicates this residue is a likely candidate for

PEGyl ation without affecting the activity of IL-2ra. For IL-2r[err], the
potential sites include both the am no and carboxyl termni, the 4 N-1inked
gl ycosylation sites and a region (a.a. #108-118) that -62- is simlar to
a region of biological significanc ' '
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the nurine erythropoi etin receptor (Yashinmura, Longnore and Lodi sh,q%?&?gff
vol . 348, pg. 647 (1990)). Point nutational .anal ysis of other residues in
-the receptors may also allow for identification of other sig

es—of— - -
PEGyl ation that yield optimal properties in the heteroduxubb®EPLAREMERT| SIEET
EXAMPLE XVI | |: PREPARATI ON OF HTEROCDUMBBELLS WHI CH TNHI BI T (T “ASSICAL™
PATHWAY OF COVPLEMEI NT SYSTEM Many proteins which regul ate jt he Eonphe

system have been identified and cl ondd20sone of them are nentfr ane pr(\)t el ns

One of the menbrane proteins is called CRL (conpl enent receptlor—1jy—-Fhe——-
sol uble form
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of CRL has been exanmined in in vivo nodels of diseases. -Thé oanpféﬁehtn
danhibitor inhibits post-ischem c myocardial inflanmation and mecro§f§‘““”“”

- (Wi sman et al. Science, vol. 149, pg. 145-151, 1990), revenseéd, -pa?slvem |

arthus reaction (Yet et al. J_ Innunolocv vol . 146, pg. 250- 256" (1991)%y’ |
and allograft rejection (Pruitt et al. J. Surgical Research, Vol.-50,-pp—. .
350-355 (1991)). The soluble CRL binds }%%CSb and C4b. It consists of 30
short consensus repeat sequences (SCR).

gl ycosyl ation sééq_an t our _cystei nes. of the cystelnes are likely be
to involved in gylf &boﬁd%ng w%gﬁfl aRe2f olgd3t 03 2 .
-0 > A0

70
Ser Cys Ser Lys Cys Arg Lys Glu Met Gly Gln Val Glu Ile Ser Ser Cys Thr Val
FIG.2

90 .
sp Thr val Cys Gly Cys Arg Lys Asn Gln Tyr Arg His Tyr Trp Ser Glu Asn
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dsp Ser Val Cys Pro Gln Gly Lys Tyr Ile His Pro Gln Asn Asn Ser Ile Cy= Cys
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be involved in CAb binding. Two separate portions of CRI, SCRS 8-11 and
"SCRs 15-1X, are involved in C3b binding (Kl ickstein et al.i J.;EXp.. “b@d“tggﬁ
“vol. 168, pp. 1699-1717 (1988); Xalli et al J. Exp. Med. of A pp.

1451- 1460 (1991)). According to this invention, it is pOSS|bIe to produce a
het er odunbbel | whi ch contains the C4b bi nding donai n and thé C3b Pinding
domain of CRL. The SCRs which contain C4b bi ndi ng and C3bibi,ndi ng donai ns:
of CRL may be cloned using PCR These3&3Rs will be SCRs 1ithrough™5 (C4b "
bi ndi ng) and SCRs 8 : L

i

.S 4 3 2 |




-63- through 12 (C3b binding). The genes encodi ng these SCRs..mmy be cl oned

in E. coli expressson vector. The E. coli expressed-protei n$ s I@ o e
223 ! e AP ,gf SHEET ]

refol ded and purified. The success of refolding can be anal ﬁ Ot

capacity to bind polyC3b or polyC4b. In vitro nmutagenesis of fhese genes 1

zuay. be casried out to substitute native amino acid residuges|t87cHBRasoe. |

These cysteines may then be used to link the PEG nol ecul e. :Pil sites
for PEGylation will be the 4720 ’f e
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gl ycosyl ation siWe or carboxyl termna residue of SCR5 and SCR i 2. The
C4b bi nding and C3b bi ndi ng domai ns which contain an extra cysteine to the
carboxyl term nal residue could be constructed and used for |inking PEG
nmol ecul e. The PEG |inked heterodunbbell may be produced by the two step
process of Exanple XIV. Purification may be carried out by ion-éexchange
chromat ogr aphy. PLATERLET DBRI VED Gtmgzﬁ ACTOR PEPTI TDE PEG The pl at el et

derived grow h factor (pDG-) peptide RESGKKRKRXRLXPT is described in =

Khachi gi an, L. et al J. Biol chem, vol. 267, pg. 1660-1666

/‘--....I\

FIG.5
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(1991). Atermnal C was added to permt coupling to the nmal ei m de. The.

het er odunbbel | was synthesized in two steps. In the first szep, 1.6
nanonol es of IL-Ira suspended in 3 Al of 0.05 M Hepes buffer, pH 7.5, was
m xed with 6.4 nanonol es of bis-naleindo PEerr] dissolved in 11 [err]l..
of the same buffer. This reaction was carried out for 30 mn at 20C. In the
second step, 32 nanonal es of the PDG- peptide dissolved in 4 [err]1 of 0.2
M sodi um phosphate buffer, pH 7.0, was 888@d to the products of the first

reaction. The reaction was allowed to proceed for 1 hr at 20 C. The
reaction
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was then termi nated by the addition of an equal volume of SBS-PAGE-sanple
buf fer containing 30 snoles of 2- mer capt oet hanol . Sanp| ¥ PoACEWE
products of the first step of the reaction and the productp pf~the tonpl ete

two-step reaction,.as well as appropriate nol ecul ar wei ght{ nar ﬁg?r fenVELE
separated by SDS-PAGE on a -15% pol yacryl am de gel which was}t é?ai ned :
w th coomassi e Blue. The two-step reagta®n gave an Pl
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addi ti onal

band consistent with the predicted size of the heter.odunbbell..- ..

Approxi mately 33% of the starting IL-Ira was converted to heteredunbbel-1. by

the two-step reaction.

be isolated by cation exchange chromat ography on the resin. SrSepharose
het er odi mer may be isolated by cation exchange chromatography due“to the

abundance of basic amno acids in the
the application of the teachings of th
expressi on system or pegyl

#7ap

aion reagent wl|

The products of the first step of the reactron -can-
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the capabilities of one having ordinary skill in the art in light of the

t eachi ngs contained herein. Thus, it will be apparent to those of ordinary
skill in the art that various nodifications and variations can be made in
the process and products of the present invention. It is .intended that the
present invention covers these Mdifications and variations provided they
cone within the scope of the appended clains and their equival ents.

9/20
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- 66- CLAIMS: 1. Substantially purified conmpounds of the fornmula [err]
wherein: R err] and R2, which nmay be the sane or different, rare .
pol ypeptidic groups; and X is a non-peptidic polymeric REPLACEMENT SHELT
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spacer. 2. Conpounds according to Claim1, characterized in that each of
Rlerr] and R2 has a cysteine group through Wich the X group .is linked,
which may be present in a naturally occurring formof a polypeptlde or a
mutein thereof in which the cysteine group has been added to, inserted into
or substituted for another am no acid of the naturally occurring’ f:orm-.3. |
Conpounds according to Caim1l or 2, chayagterized in that the peptldlc

bi nding groups R err] and R err] are coval ently bonded to said

non- peptidic polyneric spacer by thio-ether bonds.
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4; .. Conpounds according to Cdaiml, 2 or 3, character- ized in that R err]
and R2 are the sane or different and are receptors, receptor antagonists or
bi nding proteins. 5. Conpounds according to daiml, 2 or 3, character-
ized in that the naturally occurring formof the peptide represented by
each of R err] and R2 independently is selec- ted fromthe following: IL-1
receptor antagonists 3CkDa TNF inhibitpgsadCkDa TNF inhibitor, |L-2 :
receptor, CRI PDGE receptor, IL-2, MCSF receptor, vG- receptor, ZL-5
receptor, IL-3 receptor, GMCSF receptor, T-cell. receptor, aLA-l, ILA 1|1,
NGF receptor, 1gG (V[err], Vferr]), CD40, CD27, |IL-6 recep-
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tor, Integrins; CR3, VLA4, |ICAM and VCAM CR2, GW140 Leao foggm ar~ kam Nk
bi ndi ng protein, Lam nin fragnents, Mannose bi ndi ng protein,|exer 6 peptide-
of PDGF, and proteases. 6. Conpounds according to Claim1 ,{2ior 3, .
character- ized in that R and R2 are muteins of IL-1 recepto} 07 B8R 1927
claim 1. A conpound of the fornula [err] wherein: eitherjor_bhoth of Rl .
and R2 are a tunor necrosis factor (TNB/2a@mhibitor, an
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IL-1 inhibitor, IL-2 receptor or CRl; and X is a non-peptidic_ polyneric
spacer, wherein Rlerr] and R2 are coval ently bonded to said non- peptidic . T
pol ymeri c space. 2. The conpound of claim1, wherein either or both"” of'*‘I
Rleer] and R2 are selected fromthe follow ng: an IL-|I |nh|b|tor sel ect ed
fromlL-1 receptor antagoni st or a truncation or a nutein thereof ‘or ‘a-TNF
i nhi bitor selected from 30kDa TNF i nhi Hi4/@0 or a truncation or:a nutein
thereof, 4CkDa TNF inhibitor or a truncation or a nmutein thereof, A51 TNF
inhibitor or a nutein thereof, or A53 inhibitor TNF or a nutein thereof
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3. The conpound of any one of clains 1 or 2, wherein either or both of
Rlerr] and R2 naturally contain or are nodified to contain at |east one
non-nati ve cysteine residue. 4. The conpound of claim 3 wherein either
or both of Rlerr] and R2 are selected fromthe following: IL-1 receptor
ant agoni st, and said non-native cysteine residue is found at amno acid .
residue site 0, 6, 8, 9, 84 or 141; or -3CkDa TNF inhibitor or a truncation
t hereof, and said non-native cysteinelPd€fdue is found at amino acid
residue site 1, 14, 105, 111 or 161
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5.

The conpound of any one of clains 1, 2, 3 or 4, wherein either or

both of Rlerr] and R2 are the sane. 6. The conpound of ¢
1, 2, 3, 4 or 5, wherein X is defined as [err], wherein Y[¢
represent the residue of activating groups and (Z)n represé
pol ymeric group, wherein (Z)n is selected from pol yet hyl ene
pol ypropyl ene gl ycol, polyoxyethylated gl rol, dextran, ¢
poly [err]-am no acids, or carbohydrate polyners. 7.

>

1)

Thé dompourd ot —any

one of clainms 1, 2, 3, 4, 5 or 6, wherein Rerr] or R2 are

AT

n{s the base
| EDIAPR 1997
olioni ¢ aci ds,

each coval entlyv

l
|

;
i

bonded to said non-peptidic polyneric spacer by a thio-ether bond. 8.
The conpound of claim7, wherein R err] and R2 are each bonded to said non-

peptidic polymeric spacer via a native or
The conpound of cl aim 8 wherein:

non' - native cysteine residue. 9.
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said IL-1 inhibitor is IL-lra containing a non-native cysteine residue at
amno acid residue site O, 6, 8, 9, 84 or 141; and said TNF inhibitor.is.-
30kDa tunor necrosis factor inhibitor or a truncation thereof contailning a
non-native cysteine residue at amno acid residue site 1,14, 105, 111 or-
161. 10. The conpound of any one of clains 1, 2, 3, 4, 5, 6, 7, 8 or 9,
wherein: Rl and R2 are 3CkDa tunor necriosiz factor inhibitor or -a '
truncation thereof preferably wherein said TNF inhibitor has a non-native
cysteine at am no
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acid residue site 105; and X is defined as [err], wherein Y[err] and Y2

represent the residue of activating groups and (Z)n represen%gpquwgph%ﬂgnei

glycol, wherein Rl and R2 are each covalently bonded to X Qy ra~thie~ether—

bond. 11. A pharmaceuti cal conposition conprlsed of an efifective anDunt~1 l
0

of the conpound of any one of clains 1, 2, 3, 4, 5 6, 7, 8, {9 ®? ARR i%7a
phar macol ogi cal | y-acceptabl e carrier. 1 2 A nethod for the[preparation

a conpound conprised of the formula - % ?9] wherein: either or both of
Rlerr] and R2 are selected froma tunor necrosis factor ( TNE)-—Lnhihitor -
preferably 3CkDa TNF inhibitor or a truncation or a nutein thereof, 4CkDa
TNF inhibitor or a truncation or a nutein thereof, A5 1 TNF
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inhibitor or a nutein thereof, or A53 TNF inhibitor or a nutein thereof, or
an IL-1 inhibitor, preferably IL-lra or a truncation or a nutei.n.thereof,
which preferably naturally contains or has been nodified to Contalﬂwa .
reactive cysteine; and X is a non-peptidic polymeric spacer defined-as
-[err] wherein Y[err] and Y2 represent the residue of activating groups and_
(Z2)n represents the base polyneric grog& ereln (Z)n is selected fronts
pol yet hyl ene gl ycol, polypropylene gly V pol yoxyet hyl at ed gl ycerol,
dextran, colonic acids, poly [err]-am no acids or carbohydrate polyners i
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wherein RI and R2 are covalently bonded to X, said nethod conprised of
either: reacting Rl and R2 with X to formthio-ether bonds between X and

the cysteine amno acid residues to formsaid Rl -X-R2 conppuha—afe— B
optionally isolating said R -X-R2 conpound; or reacting R nrﬂﬂ?h%&“ﬁi‘& BREET ‘
form groups capable of form ng thio-ether bonds bet ween X THE Cystel nd 3
am no acid residues to forma conplex - reacting conplax t h
R2 to formsaid Rl -X-R2 conpound; and opglonally i solatingls R@%Eﬁggfgmy Q‘
conpound. 13. Use of a conpound according to any one of ¢l 123 i
4, 5, 6, 7, 8, 9, 10, 11 or 12 for preparation of a nedica nt for t he
treatnent or prevention of a TNF- and/or an IL- |-nediated®>*d+sease 14,

Use of a conpound according to any one of clains 1, 2, 3, 4, 5, 6, 7, 8, 9,

FIG.19
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10/ 11 or 12 for preparation of a medicanment for the treatn%ﬁEPbNJ NT wvonal |
prevention of a di sease is selected from Adult Respiratoyy[[Drstvess™ "} !

H

Syndrone, Pul nonary Fibrosis, Rheumatoid Arthritis, Inflanw310r¥233&ﬁlwga J

Oi sease and Septic Shock.

-

-

or active site that it binds relative to the mohomeric
polypeptide. For this reason, multimeric complexes of
proteins can be desirable in erder to increase affinity

of the protein to its ligand in a2&cition to increasing

Tt

the molecular weight of the complex.

Proteins frequently achieve their biolegical
effects through interaction with cother proteins. WwWhere
a simple complex of two proteins is sufficient to
achieve the biclogical effect it has proved possible to

‘mimic the physiological effects of endogenous proteins

. by adninistering exogenous proteins. However, where
the biological effect requires the assembly of a
complex containing more than two proteins it is moée
difficult to mimic the function of the endogenous
proteins with recombinantly produced exogenous
equivalents because the higher order complexes are
frequently unstable. In such cases. it may be
advantageous to use crosslinked species containing two
of the components of the complex to simulate the
biologically-active complex.

Subsecquent to the invention described herein,
at least three research groups have described the
production of crosslinked proteins, where the
extracellular portions of one of the TNF receptors is
attached to the heavy chain of human or mouse IgG,
which are then crosslinked through disulfide bonds.
Peppel et _al., J. Exo. Med. vol. 174, pg. 1483 (1991);
Ashkenazi et _al., Proc. Natl. Acad. Sci. USA vol. 88,
pg. 10535 (1991); and Loetscher et al., J. Biol. Chem.
vol. 266, pg. 18324 (1991). In each case, the proteins

were expressed in animal cell expression systems, and
were found to be substantially more effective at-
inhibiting TNF than the monomeric soluble receptor
alone. Similar procedures have also been used for
producing similar crosslinked proteins of the CD4
protein, (Byrn et al., Nature (London) vol. 344, pg.
667 (1990)) the CR1l protein, (Kalli gt al., J. BExv.
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We claim :

1. A compound of the formula R;-X-R,, wherein:

either or both of R, and R, are a tumor necrosis factor (TNF) inhibitor, an

IL-1 inhibitor, IL-2 receptor or CR1; and

X is a non-peptidic polymeric spacer,

wherein R, and R, are covalently bonded to said non-peptidic polymeric space.

2. The compound of claim 1, wherein either or both of R, and R, are selected

from the following:

an IL-1 inhibitor selected from IL-1 receptor antagonist or a mutein thereof;

or

a TNF inhibitor selected from 30kDa TNF inhibitor or a mutein thereof,
40kDa TNF inhibitor or a mutein thereof, a51 TNF inhibitor or a mutein

thereof, or a53 TNF inhibitor or a mutein thereof.

3. The compound of any one of claims 1 or 2, wherein either or both of R, and
R, naturally contain or are modified to contain at least one non-native cysteine

residue.

4. The compound of claim 3 wherein either or both of R, and R, are selected
from the following:
IL-1 receptor antagonist, and said non-native cysteine residue is found at

amino acid residue site 0, 6, 8, 9, 84 or 141; or
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30 kDa TNF inhibitor, and said non-native cysteine residue is found at amino

acid residue site 1, 14, 105, 111 or 161.

5. The compound of any one of claims 1, 2, 3 or 4, wherein either or both of R,

and R, are the same.
6. The compound of any one of claims 1, 2, 3, 4 or 5, wherein X is selected
from polyethylene glycol, polypropylene glycol, polyoxyethylated glycerol, dextran,

colonic acids, poly 8-amino acids, or carbohydrate polymers.

7. The compound of any one of claims 1, 2, 3, 4, 5 or 6, wherein R, or R, are

each covalently bonded to said non-peptidic polymeric spacer by a thio-ether bond.

8. The compound of claim 7, wherein R, and R, are each attached to said non-

peptidic polymeric spacer via a native or non-native cysteine residue.

9. The compound of claim 8 wherein :

said IL-1 inhibitor is IL-1ra containing a non-native cysteine residue at amino
acid residue site 0, 6, 8, 9, 84 or 141; and

said TNF inhibitor is 30kDa tumor necrosis factor inhibitor containing a non-

native cysteine residue at amino acid residue site 1, 14, 105, 111 or 161.

10. The compound of any one of claims 1, 2, 3, 4,5, 6,7, 8 or 9, wherein :

R, and R, are 30kDa tumor necrosis factor inhibitor, preferably wherein said

TNF inhibitor has a non-native cysteine at amino acid residue site 105; and
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X is polyethylene glycol, wherein R, and R, are each covalently attached to X
by a thio-ether bond.

11. A pharmaceutical composition comprised of an effective amount of the
compound of any one of claims 1, 2, 3, 4, 5, 6, 7, 8 9 or 10 in a

pharmacologically-acceptable carrier.

12. A method for the preparation of a compound comprised of the formula-
R;-X-R,, wherein:

either or both of R, and R, are selected from a tumor necrosis factor (TNF)
inhibitor, preferably 30kDa TNF inhibitor or a mutein thereof, 40kDa TNF
inhibitor or a mutein thereof, a51 TNF inhibitor or a mutein thereof, or a53
TNF inhibitor or a mutein thereof; or an IL-1 inhibitor, preferably IL-Ira or
a mutein thereof, which preferably naturally contains or has been modified to

contain a reactive cysteine; and

X is a non-peptidic polymeric spacer selected from polyethylene glycol,
polypropylene glycol, polyoxyethylated glycerol, dextran, colonic acids, poly

-amino acids or carbohydrate polymers

wherein R, and R, are covalently bonded to said non-peptidic polymeric spacer, said

method comprised of either:

reacting R, and R, with a non-peptidic polymeric group having at least two
reactive groups capable of forming thio-ether bonds when reacted with cysteine amino

acid residues to form said R,-X-R, compound; or
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reacting R; with a non-peptidic polymeric group having at least two reactive
groups capable of forming thio-ether bonds when reacted with cysteine amino acid
residues to form a complex R,-X; reacting complex R-X with R, to form said

R,-X-R, compound; and optionally isolating said R;-X-R, compound.

13.  IL-1 receptor antagonist wherein cysteine residue 116 is covalently attached to

a non-peptidic polymer.

14. A mutein of polypeptide, modified to contain at least one non-native cysteine

residue, wherein said polypeptide is selected from:

IL-1 receptor antagonist, and said non-native cysteine preferably is found at
amino acid residue site 0, 6, 8, 9, 84 or 141 and the cysteine at position 116

is replaced with another amino acid; or

30 kDa TNF inhibitor, and said non-native cysteine preferably is found at
amino acid residue site 1, 14, 105, 111 or 161; and

wherein said non-native cysteine of said mutein is optionally covalently attached to a
non-peptidic polymer, said non-peptidic polymer being selected from polyethylene
glycol, polypropylene glycol, polyoxyethylated glycerol, dextran, colonic acids, poly

B-amino acids or carbohydrate polymers.
15. A method for the preparation of a polypeptide comprised of:

altering the gene coding for said polypeptide by site-directed mutagenesis to
create a gene coding for a mutein of said polypeptide containing at least one

non-native cysteine residue;
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expressing said altered gene in a bacterial expression system,;

purifying said expressed mutein;

refolding said mutein in the presence of a sulfhydryl-containing compound;

reducing said refolded mutein with a mild reducing agent to free said non-

native cysteine; and

reacting said mutein with a non-peptidic polymer group containing an

activating group that is sulthydryl specific.

16. Use of a compound according to any one of claims 1, 2, 3, 4,5,6,7,8,9,
10, 11, 12, 13, 14 or 15 for preparation of a medicament for the treatment or
prevention of a TNF- and/or an IL-1-mediated disease, preferably wherein said
disease is selected from Adult Respiratory Distress Syndrome, Pulmonary Fibrosis,

Rheumatoid Arthritis, Inflammatory Bowel Disease and Septic Shock.
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A compound of the formula R;-X-R,, wherein :

either or both of Ry and R, are a tumor necrosis factor (TNF) inhibitor, an

IL-1 inhibitor, IL-2 receptor or CR1; and

X is a non-peptidic polymeric spacer,

wherein R; and R, are covalently bonded to said non-peptidic polymeric

space.

The compound of claim 1, wherein either or both of R and R; are selected

from the following:

an IL-1 inhibitor selected from IL-1 receptor antagonist or a truncation or a

mutein thereof; or

a TNF inhibitor selected from 30kDa TNF inhibitor or a truncation or a
mutein thereof, 40kDa TNF inhibitor or a truncation or a mutein thereof,
AS51 TNF inhibitor or a mutein thereof, or A53 inhibitor TNF or a mutein
thereof.
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3. The compound of any one of claims 1 or 2, wherein either or both of R; and

R, naturally contain or are modified to contain at least one non-native cysteine

residue.

4. The compound of claim 3 wherein either or both of R; and R; are selected

from the following :

IL-1 receptor antagonist, and said non-native cysteine residue is found at
amino acid residue site 0, 6, 8, 9, 84 or 141; or
30kDa TNF inhibitor or a truncation thereof, and said non-native cysteine

residue is found at amino acid residue site 1, 14, 105, 111 or 161.

5. The compound of any one of claims 1, 2, 3 or 4, wherein either or both of

R, and R, are the same.

6. The compound of any one of claims 1, 2, 3, 4 or 5, wherein X is defined as
=Y 1-(Z)n-Y,-, wherein Y, and Y, represent the residue of activating groups and
(Z)n represents the base polymeric group, wherein (Z)n is selected from
polyethylene glycol, polypropylene glycol, polyoxyethylated glycerol, dextran,

colonic acids, poly p-amino acids, or carbohydrate polymers.

7. The compound of any one of claims 1, 2, 3, 4, 5 or 6, wherein R, or R; are

each covalently bonded to said non-peptidic polymeric spacer by a thio-ether bond.

8. The compound of claim 7, wherein R; and Ry are each bonded to said non-

peptidic polymeric spacer via a native or non-native cysteine residue.

-

9. The compound of claim 8 wherein :
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said IL-1 inhibitor is IL-1ra containing a non-native cysteine residue at

amino acid residue site 0, 6, 8, 9, 84 or 141; and

said TNF inhibitor is 30kDa tumor necrosis factor inhibitor or a truncation
thereof containing a non-native cysteine residue at amino acid residue site
1, 14,105, 111 or 161.

10.  The compound of any one of claims 1,2, 3,4, 5,6, 7,8 or 9, wherein :

R, and R, are 30kDa tumor necrosis factor inhibitor or a truncation thereof
preferably wherein said TNF inhibitor has a non-native cysteine at amino
acid residue site 105; and

X is defined as -Y1-(Z)n-Y,-, wherein Y; and Y represent the residue of
activating groups and (Z)n represents polyethylene glycol, wherein Ry and
R; are each covalently bonded to X by a thio-ether bond.

11. A pharmaceutical composition comprised of an effective amount of the
compound of any one of claims 1, 2, 3, 4, 5, 6, 7, & 9 or 10 in a

pharmacologically-acceptable carrier.

12. A method for the preparation of a compound comprised of the formula —
R;-X-R;, wherein :

either or both of R; and R, are selected from a tumor necrosis factor (TNF)

inhibitor, preferably 30kDa TNF inhibitor or a truncation or a mutein
thereof, 40kDa TNF inhibitor or a truncation or a mutein thereof, A51 TNF
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inhibitor or a mutein thereof, or A53 TNF inhibitor or a mutein thereof; or
an IL-1 inhibitor, preferably IL-1ra or a truncation or a mutein thereof,
which preferably naturally contains or has been modified to contain a

reactive cysteine; and

X is a non-peptidic polymeric spacer defined as —Y;-(Z)n-Y,, wherein Y,
and Y, represent the residue of activating groups and (Z)n represents the
base polymeric group; wherein (Z)n is selected from polyethylene glycol,
polypropylene glycol, polyoxyethylated glycerol, dextran, colonic acids,
poly B-amino acids or carbohydrate polymers

wherein R and R; are covalently bonded to X, said method comprised of either:

reacting Ry and R, with X to form thio-ether bonds between X and the
cysteine amino acid residues to form said R;-X-R; compound and optionally

isolating said R;-X-R; compound; or

reacting R; with X to form groups capable of forming thio-ether bonds
between X and the cysteine amino acid residues to form a complex R,-X; reacting
complex Ri-X with R; to form said R;-X-R; compound; and optionally isolating
said R;-X-R; compound.

13. Use of a compound according to any one of claims 1, 2, 3, 4,5, 6, 7, 8, 9,
10, 11 or 12 for preparation of a medicament for the treatment or prevention of a
TNF- and/or an IL-1-mediated disease. '

14. Use of a compound according to any&le of claims 1,2,3,4,5,6,7,8,9,

10, 11 or 12 for preparation of a medicament for the treatment or prevention of a
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disease is selected from Adult Respiratory Distress Syndrome, Pulmonary Fibrosis,
Rheumatoid Arthritis, Inflammatory Bowel Disease and Septic Shock.



