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PECYTATION OF PQLVYPEPTIDES

2,

~ FIELD OF TH% INVENTION _
5 Thié 1‘mrerr‘::ion relates to Dclypeptides that
. have been covalently nonded to lorc chain polymers such
as methoxy peolyethvlene.glycol. Txhis invention also

describes methods and reagents fcr the reaction of
acti¥ated polymer molecules with varicus biologically-
10 important polypeptides.

BACKGROUND OF THE INVENTION

Many proteins that have been identified and

isolated from human and animal sources have been found

15 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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glycol (mPEG).
Biomedical Pol

Pharmaceuticals for Biomedical Use, Dp. 441-451 (1980).
PEG is ideal for ‘these purposes due to its proven non-

A, "

toxic properties. Other researchers have utilized
polyoxyethylated glycerol (PoG) for similar purposes.
Knauf et al., J. of Biolog. Chem. vol. 263, pg. 15064
(1988).

o\,

D

Numerous results have been described whereby
the covalent modification of proteins with polyethylene
glycols ("peéylatioh“) have resulted in the addition o
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
activity of the cytokine. The decreased clearance
leads to an increased efficiency over the non-pegylated

Proc. Natl. Acad. Sci. ¥U.S.

material. Katre gt z2l.,

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

Dismutase (SOD) 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 fate. See, for example, Conforti et_al.,
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 .
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 C
and coworkers have studied the immunogenlicity and

circulating life of pegylated Bovine Liver Catalase.

Abuchowski et al., J. Biol. Chem. vol. 252, pg. 3582
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(1877).

The addition of PEG grouss To these various
proteins decreases clearance due tc <he increase in
molecular size of the pegylated protein. Up to a

" certain size, the rate of glomezuiar filtration of

proteins is inversely proportional tc the size of the
protein., The ability of pegylatic: to decrease
clearance therefore is generally =ot a function of
how many PEG groups are attached tc the protein, but
the overall molecular weight'oF tne altered protein.
This has been borne cut by clearancs studies that
varied both the size of the PECGC side chains and the
number of PEG units bonded to IL-2. Xatre, supra.

The various studies of pegylated proteins in
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
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
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
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
attached t¢ 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 desireab}e
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to use between 15 and 50 moies of polymer per mole of

polypeptide.

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,
Bip;echng;ogx, vol. 8, pg. 343 (1990):
U.S. Patent No. 4,904,384 of Shaw. This lack
reaction specifity gives rise to a number of

Goodson et al.

complications.

among these, are

results in a significant loss of

protein. Presumably, attachment

of

that pegylation often

activity of the

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
Davis et al. supra.

effected by random pegylation.
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 dbsing information.

In certain c¢cases, it has been found thaf 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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or active site that it binds ralztive to the monomeric

polypeptide. For this reason, zmultimeric complexes of

proteins can be desirable in order to increase affinity
5 the molecular weight of the complex.

Proteins frequently aqhieve Their bieclogical

effects through inﬁeréction with ccher proteins. Where
.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,
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 =2l., J. Exp.

1 e 3 g 2 e
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Med. vol. 174, pg. 1451 (1951); Hebell et et _al. " Wo - —
91/16437 (1991)) and the CR2 protein. (Hebell gt al.,
Science, vol. 254, pg. 102 (1981)).
' These crosslinked proteins -- constructed of
5 .Ewo 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,
the fixed heavy chain portion of the IgG antibedy that
serves as”the spacer or linker between the polypeptide
units does not allow 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 polypent;de 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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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 react with Clg to
activate the classical complement satzway. 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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polypeptide that is comprised of a repeating
ﬁéntapeptidyl 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 one of the essential structures in
geveral bioclogical responses. -Morata et 2., Inst. J.
Biol. Macromol. vol..1l, pg. 97 (1989).

A further obstacle in developing effective

gxogenous proteins to augment or compete with
éndogenous substances is that exogenous 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
£he appropriate sites by linking them to other proteins
éhat naturally home on those siteé- often such
linkages are made through gene fusions between the
sctive and the targeting proteins.

Polyethylene glycol spacer or linker units have
Been used to create antibody targeted superantigens
after the date of the instant invention. 2 monoclonal
éntibody reactive to colon carcinoma cells was attached
to the bacterial superantigen staphylococcal
énterotoxin. Rather than being designed to exploit the
Penefits associated 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

.
f—
s

brocess described to form these targeted superantigens .

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-
fmidyl 3-(2—pyridyldithio) proprioﬁéte and a 24-atom-
Tong PEG-based hydrophilic space. According to this
ﬁrccedure 7 to 18 spacers were attached to each
antibody unit and one or two lysines on each of the
super antigens were reacted. Dohlsten et _al., Proc.
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Natl. Acad. Sci. USa vecl. 88, pg. 2287 {October, 1991)
Using this prbcedure it would be izpcssible to isolate
a single species in oxrder to optimize The product or
process. *

5 Two groups of proteinaceous materials having '
significant applications for the tweataent of a wide
variety of medical indications are Tmor Necrosis
Pactor (TNF)winhibitorS-and.interleukin—l receptor
antagonists (Iiulra}- These materials bave 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 teo 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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particular, the application describes in detail three
such interleukin-1 inhibitors which are interleukin-1l
receptor antééonists (Il-1ra‘’s), namely, IL-lraa, IL-

irag, and Il-lrax. ':’
Two additiona)l classes of materials that are {
. -\

potentially useful for the treatment of a variety of {_ks

madical 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
recognize 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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interleukin-2 receptor, comprised of T«@o §istinct
receptor molecules designated eithser as IL-2rc and
TL2xA. | ',
The highest affinity IL-Z receptor is composed
5 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
10 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
15 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
20 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-
25 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
30 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
35 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
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study of lslpatients, =he antibody, 1in combinétion with
immunosuppressants, has been shown To be as effective
in preventing allograft rejection as a contrel group
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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and deare b_q’.f,ologically active crcups and X is a non-
peptidic polymeric spacer. R, and R, may be the same
or different groups, and at least cne of the R, and R,
is- polypeptidic. 1In the preferrec embodiments, R, and

R,-are selected from the group ccmsisting of

interleukin-1 receptor antagoh-is‘-::; 30kDa tumor necrosis
factorx irghibitox"; interleukin-2 receptor and CR1, and X
is selected.from the group consisting of polyethylene
glycol, polyoxyethylated glycercl, dextran, colonic
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
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
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
covalent bonds with the biologically active group R;
and isolating said compoundg..

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
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.

In one embodiment, this invention relates to

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

inhibitor proteins.
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pegylation, pegylating reagents are selected that will

react almost éxclusively 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 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 techhblogy 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.

Accoxding

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 62idation, the polypeptide may be
reacted with a cysteine specific pegylation agent to
site specifically form a covalently modified
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polypeptide.
Preferred pegylated polvpentides of the present

invention are site-specifically pecviated TNF-

inhibitors and IL-1 inhibitors. Mcrz snecifically,

_this invention describes pegylated 2Q0kDa TNF inhibitor

and pegylated IL-1 receptor apgacc“;s». Most preferred
pegylated TNF inhibitors include 30xDa TNF inhibitor
wherein the asparagine amino acidé rasidue at position
105 of the native human protein is changed to cysteine
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
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
native or naturally occurring IL-lra, which includes
four free cysteines. Mono pegylatlon 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
amino terminus of the polypeptide, 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
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 azpparent upon consideration of the
following detailed description of the invention,
including illustrative examples of the practice of the
invention.
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BRIEF DESCRIPTION OF THE DRAWINGS REPLACED

Figure 1 depicts the amino 2cid secquence of .

native IL-1lra.
Figure 2 depicts the amino acid sequence of

"native 30kDa TNT inhibitor.

Flgure 3 shows the Coomassie SDS-PAGE of ¢
unpegylated and pegylated forms of IL-1rz and the -
mutein c84s116 IL-lra. Lanes 2, 3, 5 and 6 contain
pegylation reaction mixes. Lanes 1 and 4 are the
unmodified proteins:

Lane 1 -~ IL-1lra

Lane 2 - MPEGTgy,, IL-1ra

Lane 3 - mPEG g, IL-1ra
Lane 4 - <¢84sll6 IL-1ra
Lane 5 - mPEG sgop ©84s116 IL-1ra
Lane 6 — mPE Gasoa c84sll16 IL-1lra
Figure 4 depicts the mono S ion exchange

' chromatograpgy of: Chromatogram A, the pegylation

reaction mixture of mPEGy,, IL-1ra, peak 1 is the
modified and peak é;is the unmodified Il-lra; and
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,
13).

Figure 6 depicts the reverse phase HPLC
fractionation of tryptic digest of alkylated mPEGﬂmo .
IL~-lra reacted with tritiated icdoacetic acid to label
free cysteines. séparation was performed on a Brownlee
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
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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The cysteine was jidentified as the

carboxymethylcysteine derivative.
only one containing counts above background. The amino

PCJVIﬂS9210212’

et i,

peptide 5 had the arinc acid sequence LCTAMEADQPVSL.

This cycle was the

acid sequence of peptide 8 begzn with serine 103 of Il-

lra. Redigestion of this pepticde with

peptide.

chymotrypsin

permitted fractionation of all tritiuz counts from the

Figure 8 depicts the plasza 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 wnPEG,

and the separation of

unreacted 30kDa TNF inhibitor from mPEG cl05 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
(A), c105 30kDa TNF inhibitor PEGyy.db (B):

TNF inhibitor PEG ndb (C): and c105 30kDa TNF
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Figure 16 shows a piot containing intravenous

plasma 230kDa TNF inhibitor concentration varsus time

curves for native 30kDa TNF inhibizor,

€105 30kDa TNF

inhibitor PEGg,,. and PEG,; o 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

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

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 inyolves the selective

modification of pharméceutically useful polypeptidés,

in particular, Tumor Necrosis Factor ("INF") inhibitors

and

interleukin-1 ("IL-1") inhibitors.

More specifically

this invention describes the selective modification of
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.
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

otherwise.

In the preferred embodiments ©of the invention
the modified polypebtides and DNA sequences are human.
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However, to the extent that there is sufficicnt
homology between animal DNA ancé pertide sequences to
the human forms, they would be included within the
scope of this invention.

5 In one embodiment, the zethcd 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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of the native polypesnilde and, hence, reduczng the.. t.-_,_

clearance rate follcwing subcutanecus or systemic
administration:

2} increasing the solubllltv cf the native
polypeptide in agueous solutions; or

3) reducing the antigenicity of the native
polypeptiae. ' i

In many embodiments of the invention, each of
these objectives will be accomplished. In the
éreferred 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 PEC 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. For example, a
monomethoxy polyethylene glycol unit of approximate
molecular weight of 5,000 will be depicted as mMPEGgy,
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 attachment 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 functiocnal or reactive group
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attached to the leng chain polvmer is referred to

‘Herein as the activating group. Activating groups

include the maleimide group, sulfhyv<-vyi group, thiol,

triflate, tresylate, aziridine,.oxirane and 5-pyridyl.

The preferred activating groups are maleimides.
Activated dihydroxy poiyethylene glycols,

‘Because of the physical separation Zetween the ends of
‘the polymeric chain, are nearly ecually reactive at

gach end of the molecule. By appropriate selection of
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
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

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.
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
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
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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A further constraint when modifying polypeptid;;—is th
potential effect the modification may have on the
active site of the polypeptide. The modification of a
cysteine havinq.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 net izopossible, to
accurately predict which cysteine residues may be
effectively modified.

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
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
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 terminus or carboxyl terminus of
the polypeptide is also a likely prospect because of
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
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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muteins that it will de known which will meet the

objectives of the present inventizn. In light of this
invention and the general skiil ancé xnowledge 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 piciogical activity of a
polypeptide to a céftain 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
method 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 mutagenesis procedures
on the native gene, or 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 variety of expression systems, including
animal, insect and bacterial systems. To the extent
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
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-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
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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States Patent Application Serial Number 07/555,R74 RET-2-EY

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

' brotein seguence {sequence variations due to natural
variability from individual to individual) and
substantially egquivalent proteins. "Substantially
equivalent,” as used throughout the specification and
claims is defined to mean possessing a very high degree
of amino acid residve homclogy (See dgeneralliv, M.
Dayhoff, Atlas of Protein Seguence and Structure, vol.
5, p. 124 (1972), National Biochemical Research
Foundation, Washington, D.C., specifically incorporated
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. -

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
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;

3) The target mutein is isolated from the
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
purified:

6) The purified and refolded target mutein is
treated with a mild reducing agent;
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7) The reaczion mixture is Z2iazlyzed in the

absence of oxygen: and
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 "Jumbbell® 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
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invention, Pegylatioh of wild¢ type IL-ira at free -
sulphydryl groups, by the methods describad in the
examples below, results in the addition of wmPEG at the

‘ cysteine residue at position 116 of IL-lra (cl16). The

S other three cystelnes 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):

c0s116 c0cllsé

c84sllse c84clls
20 . c6s5116 c6cllé

c8sllé c8¢clls

¢9sl1ls c9clls

cl4alslls 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 cl 30kDa TNF inhibitor
cl4 30kDa TNF inhibitor
clll 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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one of R, and R, is peliypeptidic, and X is a non-
peptidic polymerlc spacer or links> gwoup. R, and R,
may be the same group or different. Where h1 and R,
are different groups, both R, ané R; 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 PEGsgdb, two cl03
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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In summary, "subs»ant-ally puriZieé™ in this Context
refers to materials that are substantially free from
compounds: 1) that deviate in the cogposition 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 blologlca 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 mod-fled proteins are included within the

deflnltlon.

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
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

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
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the following polypeptides and any Iragment thereof:
IL-1 receptor antagonist, 30kDa TNT inhibitor, 40kDa
TNF inhibitor, Il1-2 receptor, CRlI ({all references to

‘cR1 include any single or combination of consensus

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
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
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
polymeric spacer X may ke further defined as follows:
X = =¥,~(2),-Y,~, wherein Y, and Y, represent the residue
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
invention n is greater than 6 and preferably is greater

" than 10.

Non-peptidic is defiped as a polymeric group
that is substantially .not. peptidic in nature. The
inclusion of less than 50% by weight of a—amino acid
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
preferred linkers are capable of conveying desirable
properties to the bioclogically active polypeptidic

groups =-- such as reduced immunogencity, increased
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solubility, or reduced clearance rate from the by Lt |
without significantly reducing the affinity of a given
R, or R, group to its ligand. In the most preferred
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,

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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to the length of the polymeric unpit [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
5 groups R, and R, are the same. Howevey, 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
10 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
15 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
20 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
25 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;
30 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
35 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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naturally-oécurring on the polypeptidic group, or a
non-native cysteine that has been a2dd2é or substituted
into the natural sequence.

The preferred bis-reactive pcivmeric compound -
of the present invention is a-(2-maleimido)w-maleimido
poly(oxyethylene) or bis-maleimide S=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. 381 (1970)) followed
by difect substitution with a2mmonia, (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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Harris (supra} also reviews the synthesis of a
variety of elécﬁrdbhiiic derivatives cf PEG that can be
used as reagents to modify proteins. The reagents
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 reagents react selecltively 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
biocassays. In vitre 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

SUBSTITUTE SHEET

Received Time 23, Feb. 11:42 Print Time 23, Feb, 12:01



WQ 92716221 PCT/US92/02122

=34~ [ vprs

IL-2rf added to react with the active maleimide group
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
5 cell surfaces.
A dumbbell complex where R, is II~2 and R, is
IL-2rf8 should also be useful as 2 receptor antagonist
of IL-2.
BEXXMPLE I. SYNTHESIS OF POLYETHYLENE GLYCOLATING

10 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

15 ‘below. Al)l references provided below are specifically
incorporated herein by this reference.

A. SYNTHESIS OF REAGENT 1: wPEG ~ESTER-
MALEIMIDE
20 The succinate ester derivative of the mPEG,
(intermediate 1) was prepared as described 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
25 the solution had coocled to ambient temperature, R
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
30 of 0.5 M boric acid with 1,6-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 .
35 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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méleimiodethyl) cyclohexane-i-:arzcxylate (sulfo-SMCC,
Pierce Chemical Co., Rockford IIl.} in 50 mM sodium
phosphate or HEPES buffer, pH 7.8, for two hours 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
io 260 nanometers. The reagent was used to alkylate
polypeptides within one hour of its purification.
Since the mMPEG 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: mPEGx-AMIDE
MALETMIDE
The mMPEG_-tosylate (intermediate 3) was prepared
as described by Pillai gt al. J. ord. Chem. vol. 45,
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
25 the phthalimide derivative (intermediate 4) and
subsequently reduced with hydrazine hydrate to the
WPEG_-NH, intermediate (intermediate 5) by the
procedure of Pillai gt al., supra. The amino group

capacity in equivalents per gram of product was
30 quantified by microtitration with hydrochleric acid.
. The mPEG -NH, was reacted 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
and the quantity and guality of mPEG, *IL—lra (we w1ll
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use this designation for the pegylated product of IL-
1lra reacted with reagent 2 and a?P=ZG,Ii-1lra for
pegylated IL-lra from 2 reaction with reagent 3
described below) obtained from these reactions was -
5 assessed by SDS-polyacrylamide gel eisctrophoresis

(PAGE). The optimal result was seen with 2 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.

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
(MPEGXx) :

35
CH;0- (CH,CH,0) ,-H
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where x denotes the average mclecular weight of the
polymer in kiledaltons and n is the a2verage number of
repeating'oxythylene groups.

Intermediate 1:

CH3G— (CHZCHZO) e (CHZCH2) —0—C—CH2CH2COOE-I
Intermediate 2:

R e cn, B
CH;0~ (CH,CH,0) ,.,— (CH,CH,) ~0—C-CH,CH,~C-NH- (CH,) , NH,

Reagent 1:

o
i i
CH,0- (CH,CH,0) ., (CH,CH,) —o-ﬂ-cnzcr-rz—ﬁ.—m— (CH,) g-NH-C-_ >

-CH2+-N

SYNTHESIS OF REAGENT 2
Structures of starting material, intermediates and
reagent from synthesis 2.
Starting material:
Generalized formula for monomethoxypolyethylene glyccl
(mPEGX) :
CH, 0~ (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.

Intermediate 3:

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

Intermediate 4:

CH,0- (CH,CH,0) .,~ (CH,CH,) —N
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CH;0- (CH,CH,0) ,_,= (CH,CH,) -NH,
Reagent 2: : _
- - - -ﬁ. /TN Cem o ’B}I

CH;0= (CR,CH,0) - (CR,CH,) -NH=C- L > —c5,~Y

SYNTHESIS OF REAGENT 3
structures'of?startinghmaterial, intermediates and
reagent from synthesis 3.
Starting material:
Intermediate 5 (mMPEG_~-NH2):
CH, 0~ (CH,CH,0) ,.,— (CH,CH,) —NH,
Intermediate 6:
CH;0- (CH,CH,0) = (CE,CH,) -N‘H-E—CH=CH-COOH
Reagent 3:

0-(2-maleimidoethyl)=-0‘-methyl polyethylene glycol

CH;0- (CH,CH,0) ;= (CH,CH,) -N

EXAMPLE IX. PREPARATION OF PEGYLATED NATIVE ITT—2

Various parameters were tested in optimizing
the pegylation reaction of native IL-lra with
successful pegylation assayed by visual inspection for
a single tight band at 29 kilcdaltons on Coomassie
stained SDS-PAGE and a single sharp peak by analytical
ion exchange chroﬁétoqraphy. 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
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.
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A. TIME

Pegylation reactions at rocz temperature were
analyzed from 0.5 to 24 hours. Ceaversion of the IL-
ira to the pegylated form is couwplete (80%-90%) in two
to four hours and the total amount of aPEGxIL-1ra 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
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 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.
The guality of the mPEG*IL~lra does not seem to change
significantly_with'teméerature. '

C. PROTEIN CONCENTRATION

Pegylation reactions have been done with
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.

D. pH >

Nati;e IL-lr; 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"excha::lg.e"at a lower pH (5.5) but the
percent conversion is the same.

E. nPEG-AMIDO-MALEIMIDE TO NATIVE IL-1ra RATZIO

SUBSTITUTE SHEET
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We tested ratios of between 0.5:1
the mPEG-amido-maleimide to native IL-1lra. Ratios -
higher than about 2:1 result in efficient conversion to _
the pegylated form of IL-lra (50%-90%). Ratios greater -

5 than 5:1, however, generate iower guality nmPEG*IL-1lra
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 wWPEG—
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
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-1lra species. A 2-4 molar excess of bis-
maleimide 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 . .
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 exclusion
. 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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Purification of mPEG *IL-lra can be achieved by
cation exchange or size exclusicn czrematography.
These procedurés 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
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).

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
eaéily be separated from unmodified IL-1lra (17 xd) by
size exclusion chromatééraphi on a Superdex 75
(Pharmacia) column with standard chromatographic
techniques (Figure 5).

BXAMPLE JV: CHARACTERIZATION OF THE mPEG *IT,-ra
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
IL-1ra 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
sequence analysis indicated that cl116é had been
pegylated under the conditions employed (Figure 6).
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EXAMPLE V. PREPARATION OF IL-irza MOETEINS

DNA from the IL-1lra gene clonec into

M13.

{
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Mutagen351s was performed on single stranded

the bacteriophage

BioRad’s Mutagene kit was used which uses the

Enzymelogy vol. 154, pp. 367-
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

thymidine.

procedure described by Kunkel et 21. Methods in

382 (1987). Briefly,

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

" the uracil containing strand is degraded by the DNa

repair mechanisms and the mutant strand is allowed to

replicate.

sequenced by standard techniques. The fragm

The mutant phage were screened and

ent

containing the mutant gene was then subcloned into the

expression vector pTST (Eisenberg gt al. Nature vol.
(1989)) and transformed into the T7

343,

PpP.- 341-348§,
expression system strain (E

. coli B121DE3).

coli expression systems may a2lso be used.

Other E.

Expression clones were grown in Iuria Broth

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.

maximal after 4-6 hours and did not change

Total accumulation of the IL-lra protein was

significantly for up to 12 hours post induction.

BXAMPLE VI:

5.2 in 20-50 mls.

PURIFPICATION OF THE IlL-ira MUTEINS

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
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through the French Pressure c2ll atT 12000 psi. The

cell lysate was centrifuged at 10C0C: Zor 10 minutes.
The soluble portion was loaded onto 2z S—-Sepharose
column and washed with the same buliier cdntaining 75mM
NaCl. The IlL-lra mutein eluted with buffer containing
200mM NaCl. The single pass over tha icn exchange
resin resulted in a product of sufficient purity (>95%)
for pegylation studies. Further puri<ication can be
achieved using other ion exchange resins such as Q-
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
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.

EXAMPLE VII: Ii-lira MUTEIN PEGYLATION

In éddition to the native IL-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

produced and purified. Since c84c¢ll6 contains two
reactive cysteines, pegylation results in a higher
nmolecular weight protein at about 40 Kd on SDS-PAGE.
This protein can be purified by cation exchange or size
exclusion chromatographv and runs at the expected
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
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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or hamster cells {CH0) expressing frcm a cloned gene
the human type 1 receptor were usec at 1 x 10° cells
per well and 1 x 10° cells per weli, respectively, in
96 well microliter dishes. S¥-IL-1ra with a specific

5 activity of 4000 Ci/mmol was added Tc a final
concentration of 130pM. 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,

10 .5 micron pore size Durapore filter), washed to remove
nonspecifically bound counts, the filter removed and
counted on an Ambié_Radioanalytical 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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TABLE 1
ANALYSIS OF PEGYLATED IL-1ra MOLECULES
SIZE RZCEPTOR
{ka) ASSay
MUTEIN
WILD TYPE . 17.3 100
C84S116 - 17.5 98
C9S116 17.5 67
C65116 17.5 37
C0S116 17.5 63
C84C116 _ 17.5 95
PEG*IL-lra
SINGLE
PEGgpg,C116 50-60 34
PEGgy,,C84S116 50-60 28
PEGq,,C116 70-80 30
PEG,5,C845116 70-80 30
PEGy5,,C0S116 ND 22
PEGg;,,C95116 _ ND 12
PECG,5000C116 78 20
DOUBLE _ ‘
PEGgg,,©84C116 70-80 iy’
PEC5,0C84C116 " 150-200 4
PEG,;000C84¢116 175 5
DUMBBELLS
PEGyg0,C116’ 55-65 49
PEG;,,C84 60 49
PEG|q gooCL16 175-200 49
PEG,, 0goC84 200 60
PEGyq. 50aC84 >200 24

Data are presented as a percent of the activity
exhibited by unmodified Il-lra. Standard deviations
are within 10%.

EXAMPLE IX: PHARMACORINETICS QF PEGYILATED NATIVE
MUTEIN IL-lra

The pharmacokinetic character of several
pegylated native and mutein IL-lra molecules was tested
following intravenous injection ¢f the molecules to
rats. Native or pegylated IL-lra was injected as an
intravenous bolus dose (3 mg/kg). Serial blocd samples
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were drawn from the tail vein and assaved for”natlve or

pegylated IL-lxra by enzyme-linked immunosorbent assay
(ELISA). The resulting plasma IL-ira concentration vs.
time profiles (Figure 8) illusirate that pegylation has- - .
S a pronounced influence on the disappearanca'of IL-1lra
from the plasma after intravenous injection. The
declines in plasma IL-1lra and pegviated derivatives of
IL-1lra 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 componenbs 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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to which the active molecules move Ircz the systemic
circulation intc the extravascular ccapartment, a
compartment in which IL-1 receptcrs are expected to be
located. Because of the similaricy between rats and
humans in both clearance and distribution 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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pharmacokiﬁetic data (Table 3) revezl variable systemlc
availability for the pegylated =zurteins, 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
subcutaneocus IL-lra in humans.
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TABLE 2

C116 PEG(8500) PEG(5000)

wild type PEG{(8500) PEG(5000) 8116

. . n
vd initial, ml/kg
vd steady state, ml/kg

plasma clearance, ml/min/kg

ty/2 initial phase, min
t1/2 intermediute'phase, min

t1/2 terminal phase, hr

mean residence time, hr

59

160

J.1

12

60

12

0.86
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PYAMPLE X: PREPARATION OF 30kDa TNF INHISTTOR MUTEINS

Cysteine has been substitutec Zor the native
residue at both the aminc terminus and carboxyl

terminus of the protein as well as 21l three

REPLACED
”-"’-

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

10

15

20

25

30

35

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

SUBSTITUTE SHEET

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

THIS SHEET HAS BEEN

i =




[ 1}

%

10

‘15

20

25

30

35

221 This Sheet Has Been Replaced PCT/US92/02122

~51- P

ml/min in SOmM Tris pi 7.0, 100mM NacCl. ?ractwons
containing cl05-PEG 30kDa TNF-inhibitor were pooled and
loaded on a TSK-ZOOOSW HPLC column (Bio-Rad) run at
0.2ml/min in the same buffer. The fractions containing
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

il

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

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

EXAMPLE XII:_ THE PREPARAQION QF BIS-MALEIMIDO PEG
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
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

hydrazine hydrate (Pillai, supra.). 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-
trinitrobenzene sulionic acid (TNBSA) assay. The
bisamino PEG can be purified frow the reaction mixture
by ion-exchange chromatography. This is a key step for
removing reactive byproaducts which can interfere with
dimer formation.

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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and the resulting intermediate was cyclized to produce
a-(z-méleimidoethyl—$¥maleimidopoly(oxyethylene)

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

APPENDIY TC EXAMPLE XI:.

Star ing Material

Generalized formula for polyethylene glycol PEG,
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.

Intermediate 1
F3=CH,=50,=0- ( CH,CH,0) ,.,~ (CH,CH,) ~0~S0,~CH,~F;
Intermediate 2

N-(CH,CH,0) . ,= (CH,CH,)-N [ —_—

o . v This Sheet Hag Been Re

ntermaatate 3 T

Intermediate 4 -

H,N= (CH,CH,0) ,_,~ (CH,CH,) -NH,
f i '
HOOC-CH=CH~C-NH- (CH,CH,0) ,_,~ { CH,CH, ) ~NH—C—CH=CH-COOH ]
o-(2-maleimidoethyl)-0'-methyl~polvethvlene glvcol
[ N~ (CH,CH,0) ,_,= (CH,CH,) N |

PLE XTTI: N VIVO RESULTS FOR c10S5 _30kDa TNF
INHIXBITOR PEG COMPLEXES

The inhibitory effects of four species of
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pegylated c105_30kDa TNF inhibitsr species were tested
in vivo on two differenc TNF-stimulated physiological
actions. One endpoint was the appeazance of IL-6 in
the plasma of mice that were injected intravenously
with human recombinant TNF. The seccnd endéoint was an
increase in the migration of neutrophils into the
peritoneal cavity aftar the intraperitoneal
administration of human recombinant TNF.

Experiment One. The intravenous administration
of cl05 30kDa TNF inhibitor (PEG, yo0, PEGy gy, PEG;g goq)
simultanecusly 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.' In a preliminary experiment,
the timg course was plotted for the appearance IL-6 in
the plasma after the intravenous administration via the
tail vein of two doses of human recombinant TNF (Figure
12). Peak IL-6 levels occurred at twa hours aftez
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¢l05 30kDa TNF inhibitor PEG,y,
dumbbell-with that of the unpegylated cl105 30kDa TNF
inhibitor was comparéd. Human recombinant TNF was
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
tested (Figure 13). The ratios were calculated based
on protein content. Three mice were tested at each
dose. Blocod was collected at two hours after the
intravenous injections. IL—-6 levels were measured by

ELISA.
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
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10:1 and S5:1 ratios of inhibitor to TNF.. At ratios of
1:1, the cl05 30kDa TNF inhibitor PEG,, dumbbell
caused 95% reduction of IL-6 levels stimulated by TNF
alone, whereas the unpegylated ¢105 30XkDz TNF inhibitor
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 c105 30XDa TNF inhibitor
PEG,qq, dumbbell were good inhibitors of this TNF-
stimulated physiological parameter. At a ratio of 1:1,
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
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
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
30kDa TNF inhibitor PEG; ., 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 -

cl105 30kDa TNF inhibitor PEG, .. PEG; sge, and PEG, o
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.

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

PEGy4 q00 and PEGzo,aoo) simultaneously with the —
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intraperitoneal 1njectlon of huma= —scombinant TNF

2 -

inhibits the migraticn ¢f neutrophils into the

peritoneal cavity.
BALB/c female mice weighing Z0 to 23 g were
used to measure the migration of neutzephils into the

perltoneal cavzty after

recombinant TNF.
McIntyre gt _al.

stimulation witTh human

Tbe technigue used is that of Kim
173, pg. 931 (1991))

(J. _Exo. Med. vol.

and is described in briaf herein.

peritoneal cavify.

with TNF in a2 volume of 0.1 ml directly

Mice are injecfed

killed and an immediate post mortem lavage o

peritoneal cavity is performed.
Balanced Salt Solution (HBS)

free) is injected into the peritoneal cavity.
The peritoneal fluid is

abdomen is gently massaged.
recovered by aspiration with needle and syringe. The

total number of peritoneal cells is

into the

Four hours later the mice are
the
Four ml of Hank’s

(calcium and magnesium

The

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.

examined and classified as either neutrophils,

lymphocytes, or macrophages.

One hundred cells are

In a preliminary experiment, the compared

cellular make-up of the lavage fluid after

intraperitoneal

adninistration of either pyrogen—fres

saline or 7.5 ng human recombinant TNF was compared.
TNF causad an increase in the percentage of neutrophils

and in the absolute number of
the peritoneal lavage £luid.

neutrophils present in
In saline-treated mice,

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

of neutrophils was increased to 12.9 X 10° and the

percentage of neutrophils was increased to 13.7%.
¢105 30kDa TNF

The potency of und
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inhibitor with three pegylated speciss of cl05 30kDa

TNF inhibitor (PEGy sp, PEGqq gpp aNd PI3y o dumbbells) .
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 ) -, -
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 experimen'é 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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is reacted with an ecuimelar ratis of bis-maleimido’
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PEG. The reactions are incubated Zcr 3-12 hrs at
ambient temperature. after incubation, the PEG-linked
TNF inhibitor dumbbell is purifiez from un-PEGylated
and siﬁglyQPEGylated TNT inhibitor using MONO-S FPLC in
50 mM HOAc, pH 4.0, using 2 260 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

on Superdex7S.

STEPWISE REAGENT ADDITTION:

| After DTT treatment and dialysis into 50 mM
HEPES pH 7.0, an equinolar amount of bis-maleimide PEG
is added, after 1.3 hrs incubation another equimolar
amount of bis-maleimide PEGC 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 I?EG reagent is added, giving a final 22G6-TNT
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
of PEG~linked dumbbell as there is a greater séparation
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.

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
temperature." This converts essentially all the TNF
inhibitor to singly-PEGylated Zorm. The singly-
PEGylated TNF innibitor is separated from PEG reagent
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and any remaining unreacted INF inhibitor using MONO
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 INF inhibitor is then adde< o allow formati
of PEG-linked dumbbell. 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.

After:. 2 hrs,

-S
The

on

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 determination of an

They are as follows:

ED,, for these molecules.

Wild Type xrTNF inhibitor 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

However, this procedure is somewhat labor

This has allowed

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

1929 bio-assay.
follows:

The EDg, values against TNFg are as

o

Wild Type rTNF inhibitor 70 pg/ml
3400 MW PEG-duumbbells 80 ng/ml
20,000 MW PEG-dumbbells 22 ng/ml
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AMPLE XV: PHARMACORINETICS OF PEGYIATED 30kDa TNF
INHIBITOR -
1. Intravenous vharmacokinetics fo pegylated 30kDa

5 7 TINF _inhibitor
The pharmacokinetic character of several

pegylated 30kDa TNF inhibitor molectles was determined

following intravenous 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 inhibitor 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

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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filtration of the pegylated mclecules by the kidneys.
Because of the probable qualitative similarity between -
rats and humans in plasma clearanca zmechanisms for TNF
inhibitor, it is apparent that pegylation will

5 similarly improve the pharmacokinetic properties of TNF
inhibitor in humans. : -

2. Subcutaneous pharmacekinetics for megvlated 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
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.

EXAMPLE XVI, SOLUBILITY OF PEGYLATED PROTEINS

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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PEGgsqq - The'ekpérdments 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
in absorbance is an indication of protein
precipitation. There is cleariy a decrease in the
amount of protein falling out of sclutiorn for the
PEGylated sample relative to native IL-1lra.

30kDa_ TNF inhibitor

Native 30kDa TNF inhibitor cannot be
concentrated to more than 5 mg/ml. Following
PEGylation, the solubility was increased at least 3
fold.

EXAMPLE XVII: PREPARATION OF IL-2 INHTBITOR .
HEETERODUMEEELL

A PEG-linked hetercdumbbell may be formed by
first pegylating IL-2rc in the presence of an excess of
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,
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.
372 (1988)). This cysteine residue lies in an epitope
of an anti-IL-2re¢ monoclenal 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
without affecting the activity of IL-2ra.

For IL-2rg, the potentiai sites include both

the aminoc and carboxyl términi, the 4 N-linked
glycosylation sites and a region (a.a. #108-118) that
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is similar to a region of biological significaﬁéé in
the murine erythropeoietin receptor (Yoshimura, Longmore
and Lodish, Nature, vol. 348, pg. 647 (1990)). 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.

EX2MPLE XVITIT: PREPARATION OF ﬁETERODUHBBBL‘LS W_’HICH
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
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
arthus reaction (Yet et al. J. Immunoclogv, vol. 148,
pg. 250-256 (1991)), and allograft rejection (Pruitt et
al. J. Surgical Research, vol. 50, pp. 350-355 (1991)).
The soluble CR1l binds to C3b and C4b. It
consists of 30 short consensus repeat seéuences (SCR) -
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
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
CR1.

The SCRs which contain C4b binding and C3b
binding domains of CR1l may be cloned using PCR. These
SCRs will be SCRs 1 through 5 (C4b binding) and SCRs 8

s e
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through 12 (C3b binding). The genes exncoding these
SCRs may be cloned in Z. coli expression vector. The
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E. coli expressed-proteins may be reislided and
purified. The success of refolding c<an be analyzed by
the capac1ty to bind polyC3b or poliyC4ih. 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
glycosylation site or carboxyl terminal rasidue of SCR
5 and SCR 12. The 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
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)-
PLATELET DERIVED GROWTH FACTOR DEPTIDE PEG

HETERODUMBBELL

The platelet derived growth factor (PDGF)
peptide YGRPRESGKKRKRKRLKPT 1s described in Khachigian,
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
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
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-
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Samples of the products of the first step of
the reaction and the products of the complete two—step
reaction,.as well as appropriate molecular weight
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
IL-1lra was converted to heterodumbbell by the two-step
reaction.

The produc s of the first step of the reaction
can be isolated by cation exchange chromatography on
the resin S—-Sepharosa. The heterodimer may be isolated
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
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
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.
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TABLE 3
Pegylated Intesleukin-| Inhibitor Pharmacokinetics® b rats
iypc of pegytstion =  aonc  single  single  single  singlc  single  single doulic dumbbel  dumbbell  dumbhell  dumbbell  dumbbell
PEGlowtion = {wild 9 84 B84 116 116 116 84,016 84 2 84 116 116
PCGsite = iype]  B500  $om)  BSmO 3000 . BSNO 12000 . 8100 340N CCI0000 U200 3400 *'10000
intravenous pharmacokinelct
Vdinith!, mt/kg = A 5t n 9 n 63 61 50 43 48 8 17 40
Vd sieady-siate, mLikg = no 130 310 %0 130 110 130 (] # 8 66 39 44
plasma clearonce, mismindkg o 4 3 3.2 42 68 36 28 030 34 0.96 LAY 49 14
plasma meon resldence thme {Lv),ira 028 0.45 1.0 1.2 8317 052 - 076 ) 0.30 ¥ ] 17 .19 652
. 1172 Inliln) phote, min = 17 8a 53 i 8 . N 3 .
312 Imermediate phase, waln = LT 7 34 95 b1 36 s9 100 1.8 6.2 ii0 6.4 20
1172 ierminat phase, it '» 13 Ao 2) 69 13 31 7.0 4 0.34 0.8 32 1.0 26
Jubouidne oud phanmacohinglics
tystemle ovallnblilly, % = 68 n " 9 28 0 0 2 0 29 13 16 'R
* moxhipun plavma fl-tva, np/mi = 300 sl 90 UM 30 $40 60 §709 S0 630 e 40 230
tme of mpstmum plasma M.-lra, by = 082 1.8 A 4.0 (R} ) 1.8 12 )0 h N} 34 0.2§ 0.9
plasma mesn retldence thme {3.0.), v = (A 8.4 84 13 63 6. 2.0 2l 37 6.0 9.7 20 73
meen absospilontime, br » 24 4 54 6.3 6.4 80 82 I8 34 4.8 7.0 1.8 61
*ench pharmacokinetic parametar W eapressed as the acan for two fats, cxcept for CBA.P EG(1400) dumbbef 1 c. dose, fur whicha=1
* 'pharmacokineilc Informallon ls scaled from 1.5 mg/kg i I mg/kg dose
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TYPCOf pegylaton = none . sone  singic  Sgic  aumbbell  aumbbell  gumbbell
PEGloctioa= fwild Cl5 CloS QIS Clas Cl105 Clos
PEGsie = tvpe] 0 8500 z000C 3500 10000 20000
iniravenous pharmacokineness ' '

number of animals = p 2 2 2 Z 2 N

Vi sieady-swte, mljkg = 220 240 340 340 93 138 -
plasma clearance, mL/minfkg = 118 17 Q7 052 016 o1l
plasma meag residencs time (Lv), it = 037 i3 % 68 . 10 19~

subcutancous pharmacokinetics

number of animils = 2 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

This Sheet Has Been Rep

T

SUBSTITUTE SHEET

Received Time =~ 23 Feb. 12:05 Print Time 23. Feb, 12:24



Uir ia/s o0

-

AD DV QP VVY I2I LVOV TMMAFLAN  AlLntE

Wl Ve Vg

WO 92/16221 PCT/US92/02122
LT
CLAIMS
1. A substantially purifieé compcund of the

10

15

20

25

30

35

formula R,-X-R, vherein:
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.

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

4. The substantially purified compound of claim 2
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, IL-3
receptor, GMCSF receptor, T-cell receptor, HIA-I, HIA-
I1, NGF receptor, IgG (V,, V,), CF40, CD27, IL-6
receptor, Integrins CR3, VL3, ICAM, and VCAM, CR2,
GMP140 Lec domain, Laminin binding protein, Laminin
fragments, Mannose binding protein, exon 6 peptide of

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,
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
antagonist. ’

k]

7. The substantially purified compound of claim 6§
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wherein said interleukin-1 recepter antagonist is
modified to contain at least one ncn-native cysteine

residue.

8. The substantially purified compound of claim 7
wherein said non-native cysteine residue are found at
amino acid residue sites selected from the group
consisting of 0, 84, 6, 8, 9 and 14i.

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

10. The substantially purified compound of claim 9
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
wherein said non~-native cysteine residiue 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
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.

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
wherein R, and R, are CR1.

16. The substantially purified compound of claim 15
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non-native cysteine residue.

17. The substantially purifiec compound of claim 3
wherein R, and R, are selected frcz the group
consisting of: .

' 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
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
fragments, Mannose binding protein, exon 6 peptide of
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;
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:
polyethyleéne glycol, polypropylene glycol,
polyoxyethylated glycerol, dextran, colonic acids, poly
B-amino acids, and carbohydrate polymers.

20. The substantially purified compound of claim 19
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
by thio-ether bonds.

22. The substantiaily purified compound of claim 21
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wherein cysteine residues of said peptidic binding
groups R, and R, are partT of said thio—=ther bond.

23, The substantially purified ccmsound of claim 1
wherein said polypeptidic binding grocups are attached

to said non-peptidic polymeric .spacer via a cysteine

residue.

24. The substantially purified compound of claim 23

wherein said cysteine is not native to the naturally
occurring polypeptidic binding group.

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

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

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

28. The substantially purified compound of claim
wherein R, and R, are binding proteins.

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

and receptors.

30. The substantially purified compound of claim 1

wherein R; and R, are biologically active portions of
proteins selected from the group consisting of:

t‘g’ﬁ wH‘ BT mA

interleukin-1 receptor antagonist, 30KDA tumor necrosis

factor inhibitor, IL-2 receptor, and CR1.

31. A substantially purified compound of the

=y vems ww s
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formula R,-X-R, wherein:

R, andﬂF% are polypeptidic grocups that are
proteins or biologically-active pozTicns of proteins
selected from the group consisting =f interleukin-l
receptor antagonist, 30kDA tumor necrcsis factor

PCT/US92/02122
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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,
dextran, coloni¢ acids, poly B-amino acids, and
carbohydrate polymers, and |

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

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
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
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
at least two reactive groups capable of forming thio-
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
polypeptidic group is selected from the group
consisting of: interleukin-1 receptor antagonist,
30kDa tumor necrosis factor inhibitor, interleukin-2
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receptor, and CR1.

3s. The method of claim 34 wherein said non-

peptidic polymeric group is comprised cf a polymeric :
unit selected from the group consisting of:

polyetliylene glycol, polypropylene giyesl, -
polyoxethylated glycerol, dextran, colcnic acid, poly

p-amino acids and carbohydrate polyzexs.

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
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—
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:

isolating and purifying said compound.

39, The method of claim 38 wherein R, and R, are X -
selected from group consisting of: interleukin-2
receptdr antagonist, 30%Da tumor necrosis factor
inhibitor, interleukin-2 receptor, CR-1

40. The method of claim 38 wherein said non-
peptidic polymeric group is comprised of a polymeric
unit selected from the group consisting of:
polyethylene glycol, polypropylene glycol,
polyoxethylated glycerol, dextran, colonic acid, poly
B-amino acids, and carbohydrate polymers.

——— e
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41. The method of ¢lai=m 28 whersin said non- B

-

peptidic polymeric group is bismaleizide polyethylene
glycol.

42. A substantially purified compound prepared by
the method of claim 34.

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

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

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
claim 44 wherein twe natjive interleukin-1l receptor
antagonists are bound t¢ said non-peptidic polymer.

47. 4 mutein of interleukin-1 receptor antagonist
wherein native interleukin~l1 receptor antagonist is
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
selected from the group consisting of 0, 84, 6, 8, 9
and 1141.

49. The mutein of claim 47 wherein the cysteine at
position 116 of native interleukin-l receptor
antagonist is replaced with another amino acid residue.

50. The mutein of clzim 47 wherein at 13&5; one
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cysteine residue is covalently attached o non—pepgi dic’

polymer.
S51. The mutein of claim 49 wherein 2t least one of .-
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 854 wherein two muteins are -

bound to a non-peptidic polymer.

30 58. A method for the preparation of
therapeutically- valuable polyveptides having én
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:;
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expreﬁsing said altered gere In a bacterial
expression system:

purifying said expressed mutell:

fefolding s2id mutein in the presence 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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AMENﬁED
CLAIMS

CLAIMS:

1. Substantially purified compounds of the formula
Ry~X~Ry , wherein: _

Ry and Rgp, which may be the same or different, are
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
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 Rjp are the same or different and axe
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:

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-
tor, Integrins CR3, VILA4, 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-
ized in that R; and R; are muteins of IL-1 receptor
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antagonist, 30kDa TNF inhibitor, IL-2 receptor or CRq,
modified to contain 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
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 0
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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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.

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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molecular weight comprised o:f:

altering the gene coding £or said polypeptide by
site directed mutagenesis to create a gene ceding forx a
mutein of said polypeptide containing at least one non-
native cysteine residue: _

expressing said altered Qene in a2 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 non-native cysteines:; and

reacting said mutein with a non-peptidic polymer
group containing an activating group that is sulfnydzryvl

specific.
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