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PE:GILATI:ON' OF POLYfEPXIPES 

FIELD OF THE INVSNiiON 

This invention relates to po1ypeptides that 
have been covalently bonded to lonq chain polYJllers such 
a.s methoxy polyethylene qlycol. Tbis i.nvention also 

describes methods and re.agents for the reaction of 

activated polYlJler :r.iolecules with variQus biologically­
i~portant polyp~ptidesy 

JU\CXGROUND OF THE :tNVENxmt! 

Many proteins that have been id.~.ntified and 
isolated from human and animal sources have been found 
to show prOlllising medicinal or therapeutic poten~ial. 
Great ~tride~ have been made in the methods for 

identifying and characterizinq such proteins, in 
addition to methods for producing such proteins in 

relatively pure forms and relatively large quantities. 
As the development process advances in relation to the 
uti1ization of such potentially valuable materials, 
many obstacles have arisen in formulating these 
compounds for ·use in clinical models •. 

' For example, many such proteins. have been found 
to have an exerem.ely short h~1f li~e in the blood 
serum. For the most part, proteins are cleared f:rom 
the serum throuqh the kidneys. The systematic 
intr.oduction of r~latively large quantities of 

proteins, particularly those foreign to the human 
system, can qive rise to iwnunogenic reactions that, 

among other problems, may lead to rap~d removal of the 

protein fro~ the body through formation of immune 
complexes. For other proteins, solubility and 
aqqreqation problelllS have also hindered the optimal 
formulation of the t>rotein. - -

one of the most promising techniques for -addressinq these prob1ems h.as been covaiently bonding 
one or more inert po1ymer chains to the polypeptide of 
interest. The most commonly used polymer is 
polyethylene qlycol (PEG), or monomethoxyl polyethylene 
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qlycol (mPEG}. See, for example« Davis et al., 

Riomedical Polymers: Polymeric Materials and 
Pharmaceuticals for Biomedical Use, pp. 441-451 (1980). 

PEG is ideal for t.~ese purposes due to its proven non­

toxic properties. Other researchers have utilized 

polyoxyethylated glycerol (POG) for similar purposes. 
I<nauf et al., J. ot Biolog. Chem. vol. 263, pq. 15064 

(1988) • 

Numerous results have been described whereby 

the covalent .. iuodi£:;".ation of proteins with polyethylene 
q1ycois (Hpegy1ation") have resulted in the addition o:f 
desirable characteristics to the protein. For example, 

the pegylation of IL-2 has been shown to decrease the 
clearance of IL-2 while not siqnif icantly affecting the 
activity of the cytokine. The decreased clearance 

leads to an increased efficiency over the non-pegyleted 

material. Katre et al., Proc. Natl. Acad. sci. U.S.A. 
vol. 84, pg. 1487 (1987). 

Increasing ~he half-life of supe~oxide 
Dismutase (SOD) in blood serum has been a critical 
barrier for the use of SOD for the trea:tment o'f various 

symptol\\s. A nuinber of studies have shovn that the 
pegy1ation of SOD will qive rise to a decreased 
ciearance rate. See, for example, Conforti et ai., 

rharm,. Reseal;'Ch eomnun. vol. 19, pg. 287 (l9S7). 

~99re9ation of :Imm.unoqlobulin G ('IgG) has been 
postulated as a factor that leads to serious side 

effects to patients that are intravenously administered 
IqG. It has been shown thae the pe.qylation of IC]G 
reduces the aggreqation of the proteins to prevent this 

· probleltl. Suzuki et al., Biochem. Biotlhys. Acta vol. 

788, pg. 248 (1984)-
The abi1ity of pegyiation techniques to affect 

protein 'immunoqenicity has also been shown. Abuchouski 

and coworkers have studied tne immunoqeniCity and 
circulating life of peqylated Bovine Liver Catalase. 

Abuchowski et al., J. Biol. Chem. vol. 252, pq. 3582 
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(1977). 
The addition of PEG qrou?s ~o t.~ese various 

proteins decreases clearance due tc 't:he increase in 
molecu1ar size of the peqyl.ated :i~ote:in. Up to .a 
certain size, the rate of qlome:::-~a= filtration of 
proteins is inversely proportional tc the size of the 
protein. The ability of peqylation to decrease 
clearance, therefore, is generally ~ot a function of 
how many PEG groups are attached to the protein, but 
the oyerall molecular weight of the altered protein. 
This has been borne out by clearaµce studies that 
varied both the size of. the PEG side chains and ~he 
number of PEG units bonded to IL-2. Katre, supra. 

The various studies of pegylated proteins in 
relation to clearance, immunoqenicity, aqgregation and 
physical properties all suggest that tha PEG fol:ID.S a 
fl.ex:ible, hydr~phil'ic she11 around. the protein.. The 
PEG chains become highly hydrated and qive the 
pegylated proteins a higher.apparent ~o1ecu1ar weight 
than would be predicted, and act to shield charqes on . 
the protein. 

Because of the many promising resu1ts that have 
been seen in this field~ a catalogue of procedures for 
the attachment of PEG uni~s to polypeptides has been 
devel.oped. The key element in these p_rocedures is the 
Hactivationn of the terminal-OH group of the 
po1yetbylene ~lycol. Such activation is necessary in 
order to create a bond between the PEG qroup and the 
polypeptide. The vast majority of coup1inq procedures 
activate the PEG ~oiety in order to react with free 
primary amino qroups of the polypeptides. Most of 
these free alltines are found in the lysine amino acid 
residues. 

rn general practice, multiple PEG moieties- are 
attach~d to the pro~eins. For exalttple, in United 
States patent No- 4,i79,J37 of Davis et al., it was 
found that to suppress i~~uno9enicity it is desireable 
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to use between 15 ane so 201es of polyaer per mole of 
pol.ypeptide. 

Because mu1tiple PEG chains are generally 

.bonded to e.ach polypeptide, and because there are 
typically a large number of lysine residues in each 

protein, there has been little-effort to pegylate 
proteins to yield homoqenous reaction products. See, 

Goodson_et a~. Biot~chnol?gy, vol. s, pq. 343 (1990); 
U.S. Patent No. 4,904,584 of Shav. This lack of 
reaction specifity qives rise to a number of 
co~plications. ~onq these, are that peqylation often 
results in a significant loss of activity of the 

prot~in. Presu:inably, attachment to a critical lysine 

residue could alter the active site of the protein 
rendering it inactive. 

It has been shovn in at least one system, that 
pegylati_on can le~d to sterically hindered active 

s·ite.s. In other vords, relatively small substrates may 
approach the protein, vhile the activity of proteins 
that react with larc;er substrates can be dra~atica1ly 
effected by rand.o~ peqylation. Davis et al. sunra. 
'l'he site selective pegylation of such proteins cou1d 
1ead to modified Jnaterials that gain the desireable 

• • • •• "•")'>.• • "'.· • • ••. • • 

attribute$ of peqylation vithout the loss of activity. 
In addition, if the pegylated. prot.ein is intended tor 
therapeutic use, the multiple species mixture that 
results from the use of non-specific peqy1ation leads 
to difficulties in the preparation of a product vith 

reproducible and characterizable properties. Th.is 

make.s it extre~~1y difficult to. evaluate therapeutics 

and to establish efficacy and dosing information. 
rn certain cases, it has been round that the 

ad.ministration of multimeric complexes that contain_ 
more than one bioloqically active polypeptide or drug 

can lead to synergistic benefits. For example, a 
comp1ex containinq two identical bindinq polypeptides 
may have substantial1y increased affinity to th.a liqand 
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or active site that it binds relative ~o the monomeric 
polypeptide. For this reason, ~ulti~eric complexes of 

proteins can be desirable in order to increase affinity 
of the protein to its ligand in ee~ition to increasing 

the molecular weight of the cos~lex. 

Proteins f~equently achieve -=neir biological 

effects throu<Jll interaction with o"t:!ler proteins. Where 
a simple complex of two proteins is sufficient to 

achie~e the biological effect it has proved possible to· 
mimic the physiological effects or endoqenous proteins 
by administering exogenous proteins- However, where 
the biological efrect requires the assembly of a 
comp1ex containing more than two proteins it is more 
difficult to mi.Jnic the. function of the endogenous 
proteins with recombinantly produced exogenous 
equivalents because the higher order complexes are 
frequently unstable. In ·such cases. it may be 

advantaqeous to use crosslinked species containinq two 
or the components of the co:nplex to simulate the 
bioloqioa11y-activ~ complex. 

subsequ~nt to the invention described herein, 
at least thre~ research groups have described the 
productiQn of crosslinked proteins, where the 
extr~ce11ular portions of one of the TNF reeeptors is 
attached to th~ heavy chain of human or JUouse l:g'G, 

which are then erosslinked throuq~ disulfide bonds. 

~eppe~ et ai.; J. Exo. Med. vol. 174, pq. 1483 (1991); 

Ashkenazi et al., Proc. Natl. Acad. sci. USA vol. 88, 
pq. 10535 (1991); and Loetscher et al., J. Biol. Chem. 

vol. 266 1 pg'.'· 18324: (l.991.}. In each case, the proteins 
were expressed in animal cell expression systems, and 
were found to be substantially more effective at 
inhibiting TNF than the'monomeric soluble receptor 
alone. Similar procedures have also been used for -
p~oducin9 ~imilar crosslinked proteins ct the CD4 
protein, {Byrn et al., Nature CI.ondon> voi. 344, pg. 

667 (1990)) the CR1 protein, (Kal1i et al., J. Exe. 
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~. vol. 174, pq. 1451 (i99i); Hebell et al., WO 
gi/16437 (1991}) and the CR2 protein. (Hebel.let al., 
science, vol. 254, pg. l.02 (1991),). 

These erosslinked proteins -~ constructed of 
two polypeptide units and a portion of the IqG 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 
the apparent enhancement of the affinity of the 
proteins to their liqand. However, the proteins 

.crosslinked ~n this Jilanner have so far only been 
prepared by expression· in animal cell expression 
systems by the expression of fused qenes. This has 
been required in order to have the rgG portion of the 
protein properly fo1ded after expression. In addition, 
the fixed heavy chaL, portion of the IqG anti.body that 
se:rves as the spacer or l.inker between the polypeptS..de 
uriits does not allow for the ability to vary the 
length, size or geometry of"the space~. Given the 
apparent synerqistic effect achieved by the dimeric 
prote~s, it is likely that by varyin9 the spatia1 
orientation of the polypep~ides the synergistic benefit 
lD.a.Y be opti.m;_~ed. And ;finally, the crossl..inked 
proteins may be antigenic and/or nave decreased 
solubility. The heavy chain of antibodies is not 
biolo~ically inert. 

Other dim.erie or "bivalent" complexes have been 
described. One such group of dimeric compounds has 
been labeled hizuloqs. These compounds are comprised 
of very short polypeptide units that are linked by a· 
short poly-glycine spacer or 1inker. One of the 
polypeptide units is a thrombin inhibitor -- a s amino 

acid sequence taken from the 65 amino acid protein 
-u~rudin -- and the-other is an anion-bindin9 exocite 

(ABE) recoqnition inhibitor. see, Maraqonore et al., 

Biochemistry, vol. 29, pq. 7085 (1990); Bourdon et al., 
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FEBS vol. 294, pq. 163 (1991). 

c-reactive protein (CRP) is an acute phase 
serum protein composed of five ide;,-,,~ica1 23kDa 
subunits. CRP can induce reactions of precipitation 

and aqqlutination and can also react ~ith Clq to 
activate the classical complement ~at:h«a.y. Cross 
linked oliqom.ers of CRP have been fo~ed usinq bis 

(sulphosuccini~idyl) suberate or 3.3'-dithio 
(su1phosuccinimidylpropionate) as c=oss-1inkinq aqents. 
Jianq et al., :rmmunoloav vol. 74, pc;. 725 (1991). 

The formation of dimeric or bivalent liqands 
for tarq~tinq opoid 'receptors has also been . . 
investigated. Non-peptidic P-naltrexamine or 
oxymorphamine pharmaco~hores have been connected by 

short ethylene oxide or qlycine spacers. Erez et al., 

J. Med. Qtem~ vol. 25, P<J· 847 (1982); Portoqhese ~ 
al., .r. .. Med. _chem. vol. 29, pg. 1855 (1986) • 

Wetrapeptide enkeph_a1ins linked by short methylene 
bridqes have also been desiqned to tarq~t opoid 
receptors, and have been shown to have a greater 
selectivity and affinity for the delta receptor than 
the oriqina1 delta liqand. Shimohiqashi et al., Nature 
vol. 197, pg. 333 (1982). 

The cell surface g1ycop~otein CD4 has also been 
produced in multi•eric fOl:ms through a sugar-based 
cross-1i.·nkin9' strategy. 'l'he cross-l.inkinq a9'ent 
uti1ized was bismalei11tidohexane (BMH). Chen et ql., ~ 
Biol, Chem. vol 266, pq. 18237 (1991). 

Lymphocyte function-associated antigen-3 (LFA-
3) is a widely distributed cell surface g1ycoprotein . 
that is a ligand for the T lymphocyte CD2. LFA-3 with 

its assoc~ated lipids forias protein ~icelles of eight 
~ono~ers which increased their abi1ity to interact w1th 
cel1s with CD2 on their surface. Dustin et al., ~ 
Exn. Med., vol.· 169, pq. 503 (1989) .. 

rn a somewhat related technology, one 9roup has 
studied the inhibitory effect of a synthetic 
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polypeptide tqat is com~~ised of a repeatinq 
pentapeptidy1 uni~- The polymer vas synthesized by the 
polyinerization procedure with diphenyl phosphoryl azide 

to a size ~f about 10,000 daltons. The polymerized 

pentapeptide is one of the essential structures in 
several biolo9ica1 responses. ·Morata et al., Inst. J. 

Biol. Macromol. vol. 11, pg. 97 Ci989). 
A further obstacle in developing effective 

exogenous proteins to augment or compete with 
endogenous ~ubstances is that exogenous proteins must 

be administered systematically rather than being 

localized .in the app~opriate place. This can lead to 
lower efficacy and to incre~sed side effects. Several 

groups have reported targeting bioactive proteins to . . . . ~ 

the appropriate sites by linking thel'tl. to other proteins 
. t 

that naturally home on those si~e~. Often such 

linkages are made throug~ gene fusions between the 
active and the tarqetinq proteins. 

Polyethyl~ne qlycol spacer or linker uni~ ha~e 
been.used to create antibody targeted superantiqens 
after the date o·f the instant invention. A m.onocl.ona1 
antibody reactive to colon carcino111a cells was attached 
to the bacterial superantiqen .staphylococcal 

. . ? 
entetotoxin~ Rather than being desiqned to exploit the 
J)enefits associate~ w:i.th the other bivalent complexes 
(e.g., higher molecular weight: synerqistic effects of 
~iva.lency) these complexes are desiqned to target 
superantiqens to specific locations. 'rhe pegylation 
P,rocess described ·to f onu these targeted superantiqens 
creates a complex containing a large mixture. of 
materials. The coupling of the antibody and the 

superantiqen was accomplished by the use of N-succin-
~ 

imidyl 3-(2-pyridy1dithio) proprionate and· a 24-atom-
lonq PEG-based hydrophilic space. According to this 
procedure 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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Na,tli Acad. Sci. USA vol. 88, pq. 92o7 {october, 1991). 

Usinq this procedure it would be i~cssible to isolate 

a sinqle species in o?:"der to opti~ize -the product or 

process. 
Two groups of proteinaceous ~a~erials havinq 

siqnificant applications f~r the t~ea~ent of a wide 

variety of ~edical indications are '?':~~-or Necrosis 

Factor (TNF) inhibitors and InterleUk.L;-1 receptor 

antaqonists (Xl-1ra). These mater~als haYe been shown 

to have beneficial effects in the tre.a'baent of TNF and 

IL-l mediated diseas~s respectivelyw Amonq the 

indications that have been identified as being either 

TNF mediated o·r IL-l mediated,. are Adult Respiratory 

Distress Syndrome, PUlmonary Fibrosis, Rheumatoid 

Arthritis, InflalltlUatory Bowel Disease and septic Shock. 

Copendinq u.s. Patent Application Serial No. 

555,274, filed July 19, 1990, specifically incorporated 

herein by reference, describe~ a class of natura1ly 

occurr~nq proteinaceous TNt inhibitors and a method for 

manufac~uring a s'Qbstantial quantity of the same vith a 

high deqree of purity.. In particular, the 

aforementioned application describes in detail two 

subsets of TNF inhibitors referred to as 30kDa TNF 

inh,1bitor and. 40kDa 'l'NF. inhibitor. In addition to the 

fUll-1enqth 40 k.Da TNF inhibitor protein, two 

truncated, yet bioloqically-active, forms of the 40 kDa. 

'l'NF inhibi to·r .. have also been produced. These proteins, 

in vhich 51 and 53 carboxyl tennini amino acids have 

been removed fro• the full-length protein, are referred 

to respectively as 40 kDa TNF inhibitor A5l. and 40 kDa 

'l'NF inhil:>i tor .6 53 • 
Copendinq u.s. paten~ application Serial No. 

07/506,522, fiied April·6~ 1990, specifically 

incorporated herein by reference, describes~ preferred 

class of naturally occurrinq, prateinaceous I1-1 

inhibitors and a method for ~anufac~urinq a substantial 

quantity of the same vith a hiqh deqree of purity. In 
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particular, the application describes in detail three 
such interleukin-1 inhibit~rs vhich are interleukin-1 
receptor antasonists {IL-ira's), namely, IL-iraa, rL-
1rap, and Il-1rax. 

Two additional classes of ma.teria1s that are 
potentially useful for the treatment of a variety of 
medica1 indications are int.erleukin-2 inhibitors and 
complement inhibitors·. Potential inhibitors of 

interleUkin-2 include interleukin-2 receptors, the 
extl:acellular portion of inter1eukin-2 receptors, 
inter1eukin-2 receptor antagonists, antibodies that 
recognize interleUkin-2, and fragments of any of such 
species that concain the IL-2 binding function. 
Potential inhibitors of the complement system include 
the receptor CRl, the extracellular portion of CR1, and 
the fra9JUent of CRl that contains the complement 
binding function. 

Inter1eukin-2 re~eptor has been described and 
methods for its isolation have been disclosed in u.s. 
'.Patent No. 4, 578 ,335 of Ordal et al. and U."S. Patent 
No .. 4,816,565 of' Honjo et al. The gene encodinq 
·xnterieukin-2 receptor and methods for its recombinant 
production have a1so been disclosed. European Patent 
Application No. 89104023.0 of Tanig-uchi et al.; 
European Patent Application No. 90104246.6 of T~niguchi 
e~ al. See a~so, Honjo et al. 1 Nature vol. 311, pq. 
631 (1~84); Taniguchi· et al., Science vo1. 244, pq. 
551 (1989)". 

Xt cou1d be assumed that to some extent the 
so1ub1e extracellular domain of either interleuk.in-2 
receptor Yi1l act as an inhibitor to the action of the 
cytokine interleukin-2. Inter1eukin-2 is one of the 
best characterized cytokines, known to play a pivotal 
ro1e in the antiqen-specif ic clonal proliferation of T - - -lymphocytes. ~nterleukin-2 has also been shown to act 
on a variety of other cells in the immune system. 

There are three discrete f orins of the 

•. 
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interleukin-2 receptor. co~prised of -:.--•o distinct 
receptor mol~~ules desi~~ated eithe~ as IL-2rQ and 
IL2r/j. 

The hiqhest affinity IL-2 receptor is com.posed 
of two distinct IL-2 receptors. 3oth of these 
receptors have been cloned and charaeterized. The low 
affinity IL-2 receptor (IL-2r~) was cloned in 1984 and 
has been well characterized. Nikaido et ai., Nature 
vol. 311, pq. 631 (1984). The ext:~acellul.ar domain of 
the molecule has a molecular veiqht of 24,825 and has 
two N-linked glycosy~ation sites. T"ne molecule 
contains 11 cysteines. 10 of which are involved in 
intramoiecular disulfide bonds. The putative !L-2 
binding domains on the molecule have been mapped both 
by muta9enesis and epitope ~appinq. The 
intermediate affinity J:·L-2 receptor (:Cl-2rp) was cloned 
in 1989 and has not been as completely characterized as 
l:L-2ra:. Hatakayama et al., Science vol. 244, pg. 551. 
(1989). The extracellular domain of IL-2rP has a 

:molecular weiqht of 24 1 693. The l!l-Olecu.J.e contains 8 
cysteines and 4 N-1i~ed glyeosylation' sites. The 
disu1f ide bondinq in .the molecule is unknown. IL-2rP 
has a cytoplasm;c domain of 286 amino ·acids. 

The disassociation constants (Kd's) for the :rL-
2 receptors have been determined. They are io·8M for 
J:L-2ra:, io-9M for l:L-2rp and io-nM ~or the hiqh affinity 
receptor which consists of a complex of IL-2r~, ZL-2rp 
and IL-2. current models indicate that the formation 
o~ the high affinity complex is formed first by IL-2 
bindinq to IL-2ra: and then to IL-2rp. ogura et al., 
Mol. Biol. Med. vol. S, pg. 123 (1988). 

An inhibitor of IL-2 may be valuable in the 
prevention of transp1ant·rejection as well as 
autoinanune disorders. currently, a monoclonal antibody 
against IL-2ra: that p~events IL-2 bindinq is beinq 
tested in human renal transp1an~a~ion. Hiesse et a1., 
La Presse Mediocle vo1. 20, pq. 2036 (1991). In a 
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study of lS patient:.S. ~he antibody, in combination with 
immunosuppressants, has been sho-.--n ~o be as effective 
in preventing allogra~t rejeccion as a control qroup 
qettin9 hiqher doses of immunosuppressants. High 
~evels of circulating soluble !L-2r~ have been detected 
in a number of diseases, so~e infections, as well as 
transplantation and rejection. This suggests 
involvement of rL-2 in these diseases. 

CRl is a protein also ref erred to as the 
C3b/C4b receptor. CR1 is present on erythrocytes and a 
variety of other cell types, and specirica11y binds 
C3b, C4b, and iC3b. CR1 can also inhibit the classical 
and al tern_ate pathway C3/C5 convertases and act as a 
cofactor for the cleavage of C3h and C4b by factor 1. 
Fearon~ al., Proc. Natl. Aead. Sci. USA vol. 75, pg. 
5867 (1979). · · CRl is a 9lycoprotein composed of a 
single polypeptide chain, and there are four allotypic 
f9rms. It is known that CRl contains repetitive coding 
sequences, and this fact is used to explain the 
8Xistence of multiple allotyp~s. I<rickstein et al. 
Complement v9l. 2, pg. 44 .(Abst.) (19&5). 

The d1ainished expression of CR1 on erythocytes 
has been associated wi~ systei:iic lupus erythematosus 

. . 
and CRi number has also been found to correlate 
inversely with serwn level of immune eomp1exes. The 
CR.1 protein, the CR1 qene and ~ethods for the 
.production of CR1 are described in WO 91/05047 and WO 
89/q9220 of Fearon et al. As described above, dimeric 
species containing CRl. and portions of an antibody have 
also been disclosed. WO 91/16437 of Hebell et al. 

~tnJH&RX OF THE INYENTIOH 
This invention relates to a method for 

modifyinq polypeptides and the resulting modified -polypeptides. 
This ·invention includes substantially purified 

compounds comprised of the formula R1-X-Rz wherein R1 

... 
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and Rz are b~ologically active ~rc~~s and X is a non­
peptidic pol.ymeric spacer. Ri a.T"J.d ~ ~ay be the same 
or different qroups, and at leas~ one of the ~ and Rz 
is-polypeptidic. In the prefe?:"::ee etlbodiments, R1 and. 
R2 are selected from the group cc~.sistinq of 

inter1eukin-l receptor antagon!st; 30kDa tumor necrosis 
factor inhibitor; interleukin-2 receptor and CRl, and X 
is selected from the group consistinq of polyethylene 
glycol, polyoxyethylated glycerolr dextran, colonic 
acids, poly p-amino acids and car!x>hydrate polymers. 
Also included are pharmaceutical co~positions comprised 
of such substantially purified co~pounds in a 
pharni.aceutica1ly acceptable carrier~ FUrther included 

are methods of treating patients in need thereof with 

such pharmaceutical compositions. The compounds of the 

formula R1-X-Rz, as depicted in Figure l9, are referred 
to as "dUMl:>ells11 • 

This invention also in~ludes a method for the 
preparation of substantially purified therapeutically 
valuabl.e com.pounds co?nprisea of the formu.la ~-x-~ 

comprisinq reactinq a non-peptidic po1ymeric qroup 
havinq at least two· reactive qroups capable of forming 

coval.ent bonds with the l:>ioloqically active group R; 
and. isolating said compound ... 

· In an altern~~~ embodiment, this invention 
includes a.method for the preparation of substantially 

purified therapeutically valuable compound$, co•prised 

of the formula Ri-X-Rz, wherein '.R.1 and .Ri are different, 

Comprised Of: reacting a non-peptidic polymeric group 

capable of forming covalent bonds when reacted with the 

biologically active qroup Ri to form.a c01nplex. R.i-X; 
reactinq complex ~-X with the bioloqically active 

qroup Ri to form said compound; and i~olating and 

purifying said compound.-
In one embodiment, this invention reiates to 

the site-specific peqylation of TNF inhibitor and IL-l 

inhibitor proteins. 
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In order to loiaintain site-specitity of 

pec;iylation, pegylatins reagents are selected that will 
react almost exelu~ively vith the free -SH groups of 

cysteine residues of the polypeptides. An exalUple of a 

pegylation r~~qent that covalently binds almost 
exc1us1vely to the -SH qroups of cysteine is 0-(2-
maleimido ethyl)-0 1 methlypolyethylene qlycol. 

site specific pegylation may be done at either 

naturally occurring "free" cysteine residues of a qiven 
poiypeptide, or at free cysteines contained on muteins 

ot the naturally-occurring polypeptides. cysteines may 
either be add~d to or insert~d in~o the amino acid 
sequence ot the naturally occurring polypeptide, or 
substituted for other amino acid residues at selected 
locations~ 

In one embodiment of this invention, the 
polypeptides ~hat are to be peqylated are produced via 

recombinant DNA technoloqy fro~ a bacterial host ceil. 
Xn most cases the bacterially expressed polypeptide 
must be rafo1de.d. to obtai~biological.activity prior to 

the pegylation step. In certain applieations cf thi.s 

invention, the native polypeptide-does not contain any 
free cysteine residues, but an altered polypeptide is 
produced ~o contain at least one free cystei~e in the 

bioloqically active polypeptide. According to thi~ 

method, the refolding of the bacterially expressed 
polypeptide is facilitated by the addition, 1.n turn, of 
a sulfhydryl containing compound such as cysteine and a 
disulfide containing compound such as cystine. After 
refoldinq and purification, the polypeptide is treated 
with a 1illl1ted amount ot a mild reducing agent such as 
dithiothreitol ("DT'l'rr) to reqenerate the sulfhydryl. 
group of the novel cysteine residue of the altered 
poiypeptide. Fol.lowinq dialysis under conditions 

-desiq-ned to prevent ~xidation, the po1ypeptide ~ay be 
reacted with a cysteine specific pegy1ation agent to· 
site specifically form a covalently modified 
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polypeptide. 

Preferred pegy1ated polype?~~des of the present 
invention are site-specifically .p~flated TNF­
inhibitors and IL-1 inhibitors. Kc=e specifically, 
this inv~ntion describes pegyla~ec ~OkDa TNF inhibitor 
and pegylated IL-1 ~eceptor antagcr.ist. Most preferred 
pegylated TNF inhibitors inc1ude 30kDa TNF inhibitor 
wherein the asparasine amino acic r:sidue at position 
105 of the native hUlilan protein is c..~anqed to cysteine 
using in vitro •utaqenesis and pegyieticn has occurred 
at the tree cysteine at position 105. Other pegylated 
derivatives of niutated .. 3.0kDa TNF i:ihibitors include 
mutations where cysteine has been added at positions l., 

14, 111 and 161. In addition to the singly pegy1ated 
muteins, any and al+ coKU::>inations of the various 
~utations may be included within a sinqle mutein to 
create altered 30k0a TNF with more than one free 
cys~eine residue capable of being pegy1ated. 

The most preferred pe9ylated XL-lra includes 
native or naturally occurring IL-1ra, which includes 
four free cyst~ines. Mono peqylation·of the native IL-
1ra yields site-specific peqylation at cysteine 
position 1i6. Oth~r peqyl~ted derivatives of mutated 
I"I:t-lra ·inc1ude ~uteins having: cysteine added at. the 
a.lllino· terminus of the polypep~ide, cysteine added at 
positions 6, 8, 9, 84, or 141, and the rep1acement of 
the cysteine at position 116 with serine. In addition . . 
to the sinqly pegylated muteins, any and_ all 
combinations of the various mutations may be inc1uded 
to create altered IL-lra with more than one free 
cysteine capable .of being- peqylated·. 

other aspec~s and advantages of the present 
invention will be apparent upon consideration of.the· 
f ollowinq detailed description of the invention, 
including illustrative exa~ple~ of the practice of the 
invention. 
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BRlEE QESCRXEIIQH or TF.E QSAWIHGS 
Fiqure l deoicts . the aiuino acid sequence of 

native IL-lra. 

Fi9ure 2 depicts the amino acid sequence of 

native JOkDa 'l'NF inhibitor. 
Figure 3 shows the Coo~assie SOS-PAGE of 

unpeqylated and pegylated forms of !L-l.ra and the 

mutein c84sl.16 IL-1ra. Lanes 21 3, 5 and 6 contain 
pegylation reaction mixes. Lanes i and 4 are the 

unmodified proteins: 
Lane 1 - IL-1ra 

Lane 2 - mPEG.
5000 

IL-lra 

Lane 3 - m'PEG.8500 IL-lra 

Lane 4 - o84s116 IL-lra 

Lane 5 - mPEG.saoo cB<.s116 IL-1ra 

Lane 6 - . mPEG .. 8500 c84sll6 IL-1.ra 

Figure 4 depicts the =ono s ion exchange 

chromatoqra~?.Y of: ~hro~a~oqra~ A, the peqylation 
reaction mix-cure of mI>EG$oao• !.L-l.ra_, peak 1 is the 

modified and peak 2· is the unmodi·fied rl-1ra; and 

Chro:m.atoqram B, shovs the purified mPEG5000• IL-lra. 
FiCJUre ~ depicts ~ size exclusion chrotnatoqra~ 

sho~inq the elution profile of several size standards, 
and mPEG8500• IL-1.ra (fraction 7) and, !l-lra (fraction 

a,3) .. 

F~~re 6 ~epicts the reverse phase HPLC 
fractionation of tryptic diqest of alkyl.ated mPEGsooa .. 

IL-1ra reacted vith tritiated iodoacetic acid to iabe1 
free cysteines. Separation was performed .on a Brownlee 
CS (2.l x 22q~m) column a~ ambient temperature and a 

flo~ rate of ioooµL/min with a linear gradient. 
Solvent A·was· 0.1% TFA in water·and solvent B was 

o.085% TFA in 80% ace~onitri~e and 20% HzO. 

Fiqure 7 depicts the reverse phase RPLC 

fractionation oe-chymotryptic diqest of peptide 18 in 
·fi.qure 6. Conditions were "identical. to those in Figure 

G. Peptides S and 8 contained tritium counts and 
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peptide S had the a!llino acid seq-~ence I-""'TAMe~DQPVSL. 
The cysteine was identi!ied as the 

carboxymethy1cysteine derivative. T:.~is cycle was the 

only one containing counts above ~ackvround. The amino 
acid sequence of peptide 8 be.qan ~i~~ serine 103 of Il-

1ra. ~edigestion of this peptice •ith chymotrypsin 
permitted fractionation of all tri~i"t:!: counts from the 
peptide. 

Figure 8 depicts the pias~a I~-1ra 

concentration versus time profiles o= mature IL-ira, 

pegylated IL-lra, and several pegylated ~uteins of IL­
lra. 

Fi9ure 9 shows the SOS-PAGE gel showing c1os 

30kOa TNF inhibitor and roPEG, and the separation of 
unreacted 30kDa TN? inhibitor from mP£C c1os 30kDa TNF 
inhibitor by size exclusion chromatography. 

Figure 10 shows a plot containing intravenous 

plasma IL-1ra concentration versus time curves tor a 

larqe number of sinqly PEGyiated IL-lra species, doubiy 

PEGylated IL-ira species, and IL-1ra PEG dumbbell 

spe.ciesw 

Fiqure 11 shows a plot eontaininq subcutaneous 

plasma IL-1ra concentration versus time curves for a 
.nun\ber of IL-l.'J:'a species as in Fiqure 10. 

Figure 12 shows a plot of· plasma IL-6 levels 
versus time after the injection of ~ice with hrl'NF. 

Fi<1Ure 13 co~pares IL-6 levels induced in mice 
by five ratios of cl05 JOkDa TNF inhibitor to TNF (A) 
and five ratios of c1os JOkDa TNF inhibitor PEGz000db to 

TNF (B). 

Figure 14 depic~s plas~a IL-6 levels induced in 

mice by TNF alone and one to one ratios of TNF to cios 

3 OkOa TNF inhibitor PEG3500 and PEG10• 000 dwnbbells. 
Figure 15" depicts-percent neutrophi1s induced 

by varying ratios of TNF to cios J .Okr>a TNF inhJ,b 1 tor · 

(A) , c105 JOk:Da TNF inhibitor PEG1500dh (B) ; clOS 30kDa 

'rNF inhibitor PEG10•000db (C) ; and c105 JOkDa TNF 
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inhibitor PEGz0 , 003db (0) • 

Fi9ure 16 shows a ploc containin9 intravenous 
plasma 30kDa TNF inhibitor concentration versus time 
curves for native JOkDa.TNF inhibito~, eios 30k.Da TNF 

inhibitor PEG6500 , and PEG,0 •000 and 30kDa TN? inhibitor 

PEG3500 , PEG10•000 and PEG,01000 dumbbells. 
Fi911re 17 shows a plot containing subcutaneous 

plasma JOkDa TNF inhibitor concentration versus time 
curves for a number of JOkDa TNF inhibitor species as 

in Fiqure 16. 

Figure 18 depicts the solubility ot 3 solutions 
of native IL-lra anc c8(: IL-lra PEGasoo by plotting o. o. 
405 versus time. 

Figure 19 depicts the basic structure of 

compounds of this invention having the general formula 

R,-X-Rz that are referred to as dumbbell compounds. 

DETAILED DESCRIPTION O? THE INVENTION 

This inventio~ ~nvolves the selective 
modification of pharntaeeutically useful polypeptid~s, 
in pa~icular, Tumor Necrosis Factor ( '"l'NF") inhibi.tors 
and 

interleukin-l ("IL-l") inhibitors. More specifica11y 
this invention describes t.~e seleceive modification of 
30kDa TNF inhibitor and I.L-1 receptor antagonist 
(":tL-1ratt). The selective modifications serve to both 
enhance the pharmacokinetic properties of the 

po.lypeptides as ltlel.l. as to provide homoqenous 

co~positions for human therapeutic use. 

Additional polypeptides that may be selectively 
modified accordin9.to the procedures of this invention 
include interleukin-2 receptors ( 1•IL-2r11 ) and ClU. Al.1 
references to interleukin-2 receptor shall be construed 
to include both a and p ·chains of IL-2r unless stated 

otherwise. 
In the preferred embodituents of the·invention 

the modified polypepcides and DNA sequences are human. 
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However, to the extent that the~e is sufficient 

homology petween animal DNA and peptide sequences to 

the human forms, they would be incl~d.ed within the 

scope of this invention. 
In one e~bodiment, the ~et:..~CC. of modification 

of the present invention includes c~valently bonding 
long chain polymers· to the pblypep~~des of interest in 
a site specific manner. The selected poiypeptides may 
D~ the native or naturally occurrinq po1ypeptides of . 
interest, or they may be bioloqical1y active muteins of 
the polypeptides that have been produced to enhance the 

~edification proces~ described herein. The method of 
the invention includes the selection, production and 

screenin9 of desired muteins that wi11 meet the 
objectives of this invention. In other elil.bod:ilnents of 

this invention the method for modifying polypeptides 

requires merely that the modification be made so that 
tlie resulting product be available in substantially 

purified form as that term is defined herein. 
In certa~n e~odi~ents, the modified 

polypeptides of the present invention·. will be bonded to 
-·· . .· 

lon9 chain polYJners a~ specific positions of the amino 

.acid sequence. The modified polypeptides of the 

present i~ven~ion wil~ retain a substantial portion of 
their. bioloqical .activity. In the preferred 
embodiments, the mod~£ied polypeptides will retain at 

least one tenth of the biological activity of the 
native poljpeptide in a receptor binding assay. In a 

more preferred embodilD.ent, the ~odified po1ypeptide 
will retain at least one fifth of the biological 

activity of the native polypeptide, and in the most 

preferred enibodime.nt at least'one four:tii of ~e 
activity will. be re~ined. In addition, the lllodified 
polypeptide will sez::ve to improve the pharmacokinetic 
performance of the native polypeptide !n at 1east one 
of the followinq areas: 

l) increasins ~he apparent mo1ecular weiqht 
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ot the native polype?tide and, hence, reducing the 
clearance rate f ollcwing subcu~aneous o~ systemic 

administration; 
2) increasins ~he solubility of the native 

polypeptide in aqueous solutions; or 
' 3) reducing the antigenicity of the native 

polypeptide. 
In many embodi~ents of the invention, each of 

these objectives will be. accomplished. I.n the 
preferre~ embodiments of the invention, the lonq chain 

polymer will be polyethylene qlycol or monomethoxy 

~olyethylene qlycol. A polyethylene qlycol unit will 
be ref erred to herein as PEG and a monomethoxy 
polyethylene glycol.unit will be referred to as mPEG. 
The approximate molecular weiqht of the polymeric unit 
will be given in subscripts. For example, a 
monomethoxy polyethylene glycol unit of approximate 
tnolecul.ar weight ~f s, ooo will be depicted as mPEG5000 

or l?EG5000 • Other long chain polymers incl.ud.ed within 

the scope of this invention are po1ypropylene qlycol 
("PPG 11 ), polyoxyethylated glycerol ("POG11 ), dextran, 
eoionic acids or other carbohydrate-based polYJllers and 

po1ymers of P-amino acids and biotin derivatives. 
In an alternat~ embodiment of the present 

invention, the lonq chain polymer unit is dihydroxy 
polyethylene ql~col, or HO- { CH2CH20) n -H. When activated 
to bin~ covalently vith polypeptides or other 

biologically active compounds as described below, the 

dihydroxy ~aterial_vil.l contain ~wo reactive sites. 
' - .. .. 

In the preferred emgodi~ents of the present 
invention the long chain polymer units are bonded to 
the ~olypeptide via covalent attachment to the 

. ··-
sul~ydryl _group. (-S9d} of a cysteine residue. To 

obtain selectivity of reaction and homologous reaction - -
ltlixtures, it is useful t;-utilize funetionalize.d. 
poiymer units that wil1 react specifically with 
sulfhydryl qroups. The functionai or reactive qroup 
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attached to the lonq chain polyme~ is referred to 
herein as the activa~inq group. ric~i~a~inq qroups 

include the maleimide group# sulfhyC=-~l group, thiol, 

~ri~late, tresylate, a~iridine,.oxi~a.r.e and s-pyridyl. 
The preferred activating groups are Il:alei~ides. 

Activated dihydrox.y poiyethy1ene qlycols, 

because of the physical separation =et•een the ends of 
the polymeric Chain, are nearly eq-~ally reactive at 

each end of the molecule. By appropriate selection of 
reaction conditions and polypeptides, the activated 
dihydroxy polyethylene 91ycols--or any other multi­
acti vated lonq chain po1ymer unit--will react with 
po1ypeptides to form ndulnbbell" shaped complexes where 
two polypeptides are joined by a lon9' chain polymeric 
unit. 

By utilizing the different rates of reaction 
that would be found between the activated po1ymeric 
linked group and different cysteine-containing 
polypeptides and by the kinetics of the reactions¥ it 
is easily within the skill of those in the art to aiso . . 
produce dumbbell complexes where substantially purified 
compounds can be formed comprisinq two different 
polypeptide groups, or comprising a sinqle polypeptide 
g-roup and a di~ferent bioloqieaily active qroup. 

Examples of such heterodut\lbbell co~pounds are given 
below. 

The extent and availability for reaction of 
cysteines varies dramatically from polypeptide to 
polypeptide. Therefore, in the bioloqicall.y-active 

form many polypeptides do not have ''free" cysteines, or 
cysteines not bound to another'cysteine. In addition, 
the existence_. of "f"ree" cysteines does not Gean that 
cysteines are accessible for binding to reactive 
reagents. Since the modification usually occurs on the 
aetive or three dimensionally folded po1ypeptide, 

1ittle or no reaction wi11 occur when a free cysteine 
is found within the "interior" of the folded structure. 
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A further constraint when ~~ifyinq polypeptides is the 
potential effect the ~odif ication =ay have on the 

active site ot ~he polypeptide. The modi!ication of a 
cy.steine havinq a c~rtain pr~ximal re1ationship to the 
active site ~ay effectively deactivate the polypeptide. 
Even wnen a great deal is knowp about the selected 
polypeptide, it is difficult, if not i~possible, to 
accurately predict vhich cysteine residues may be 

effectively modified. 
The s~e factors also exist when mutated 

polypeptides are produced ~hat.contain additional 
cysteine residu~s- When the polypeptide is 
recombinantly produced via bacterial expression, the 
non-native cysteines ~ay interfere with the proper 
refolding of the polypeptide. -In addition, the 

cysteine must be accessible to the pegylatinq reagent, 
and the pegylated cysteine must not significantly 
interfere vith the active site of the p~1ypeptide. 

The selection of potentia1 sites within a qiven 
polypeptide for the·intrQduction of a ?on-native 
cystei~e can be inf~u~nced based on various sources of 
information. ~or e~a~le1 glycosylation sites may be a 
~ood. site for .a mutation to include a free cysteine. 
'l'o the extent that information is known about the 
bindinq or active site of the polypepti~e, that 
information can also be used to se1ect potential 
muteins. The addition or substituti.on of a cysteine 
residue at the amino t~~inus or carboxyl terminus of 
the polypeptide is also a likely prospect because of 
its· 1ocation. And finally, the mutation of lysine 
residues to cysteine may be considered based on the 

assumption that lysines will genera11y be found on the 
surface of the biologically active polypeptide. 

- Althouqh a variety of potential muteins can be 
selected for a qiven polypeptide that may ~eet the 
desired characteristics, it is only throu9h the 
synthesis, pegylation and testinq of such a1tered 
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muteins that it •ill be known which •~l1 meet the 

objectives of the present invention. In light of this 

invention and the general skill a.~ knowledge of those 

skilled in the art, such synthes~s, pegylation and 

testin~ can be pe~fornted witho~t undue experimentation. 

rt should be noted, that even-if the pegy1ation of a 

po1ypeptid~_acts to r~~uce the bioioqical activity of a 

polypeptide to a certain extent, 'tile improvement in the 

pharmacokinetic performance of t.~e polypeptide may 

qreatly increase the value of ~he native polypeptide in 

various therapeutic applications. 
Upon se1ection of tarqet muteins, the prererre.d. 

method for the produceion of the muteins is by 
recolt\l:>inantly expressinq the gene coding for the 
mutein. Assuming that the gene codinq for the native 

polypeptide is known, the altered gene ~ay be created 

either by standard site specific 1nUtaqenesis procedures 

on the 'native qene, or by the construction of t..~e 

a1tered gene by standard qene synthesis procedures. 

These techniques ·are we11 known to those of ordinary 

skill ~n the art. 
The qene coding for the target mutein may be 

expressed in ~ v~ri~ty of expression systems, including 

animal, in~ect and bacterial systems. To the extant 

that expressipn,systems have peen perfected for the 
expression of t:he native po1ypept~des, the same systems 

may·be U$ed for the tarqe~ ~u~eins. In the preferred 
embodim~nt of the present invention, the qenes codinq 

for the target intlteins are produced by site specific 

mutagenesis of the native qene, and the gene encoding 
the mutein is expressed from ·a bacterial expression · 

system. The qene. encodin~ native_IL-1ra and a method 
for expressing said qene in E. Coli is described in 
detail in United States Patent No. 5,075,222 of Hannu:m 
et al., issued December 24, 1991. The qene encodinq 
native 30k0a TNF Inhibitor and a method for expressing 
said gene in E. Coli is described in detaii in united 
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States Patent Application Se=ial Number 07/555,274 
filed July 19, 1990. Each of ~hese applications is 

incorporated herein by this reference. 

The muteins and_pegylated materials of the 

~resent invention include allelic variations in the 
protein sequence (sequenc~ variations due to natural 
variability from individual to individua1) and 

substantially equivalent prote_ins. "Substantially 
equivalent,n as used throuqhout the specification and 

claims is defined to mean possessing a very hiqh deqree 

of amino aci~. residue homology (See generallv, M. 
Dayhoff, Atlas of Protein Seauence and Structure, vol. 
5, p. 124 (1972), National Biochemical Research 

Foundation, Washington, o.c .• specifically incorporated 

bere1n PY references) as well as possessing comparahie 
bioloqical activi~Y- Also included within the scope of 
this invention are :::u.teins ar.d pegyla.ted polypeptides 
that are partially truncated versions of the native 
polypeptide. 

In one p~ef erred e~bodiment of the method of 
the present invention when the tarqet·mutein is 
prbduced via ~eeoJnbinant DNA technology in a bacteriai 
expression system, the :following steps are performed: 

1)-' The qene codinq for the tarqet mutein is 
created PY site directed mutagenesis of the qene coding 
for the native polypeptide: 

2) The gene coding for the target mutein is 
expressed in a bacteria1 expression sys~eiu; 

3) The tarqet mutein is isolated from the 
bacteria and purified; 

4) The 1:argee mui:ein is refolded in the 
presence of cysteine or another sulphydryl containing 
compound; . ·. 

5) The refolded tarqet mutein is isolated. atid 

purified; 
"6) The purified and refolded tarqet mutein is 

treated with a mild reducing agent; 
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7) The reac~ion mixture is cialyzed in the 
absence of oxygen; end 

S) The dialyzed react~cn ~ixture is treated 
with a long chain polymer cont.air..inq an activatinq 
sroup. 

In t~e pref erred embodiment for the production 
of pe9ylated ~uteins of JOkDa TNF ~:l.~ihitor, the mild 
reducing agent is dithiothreitol (•ncrrn). In an 
a1ternate embodiment, the modifica~~on 3ay occur prior 
to the refolding of the expressed protein or mutein. 

In the preferred embodiment of the present 
invention, the peqylated muteins end peqylated native 
polypepti~es may be purified and formulated into 
pharmaceutical composltions by conventional methods. 
In an alternate embodiment, the purified muteins may 
also be formulated into pharm.aceutical compositions. 

The pegylated polypeptides of the present 
~nvention formed by the reaction of a deactivated 1onq 
chain poly.mer unit have additional beneficial 
properties. 'l'hese "dumbbe11" shaped_molecul.es can 

,contain two of the polypeptides of interest attached by 

a sinqle polymer unit. This structure imposes a 
certain amount of 1inearity to the polymeric mo1e~le 
and reduces some of the seeric hinderance inherent in 
the .use of large .hydrophilic polymers such as 
polyethylene glycol. The qoal of obtaining molecu1es 
with increased appa.rent inolecular weiqht is aehieved 
while retaining high biological activity. Inciuded 
specifically within the scope of this invention are 
bidentate molecule~ where t~o IL-1ra molecules or two 
TNF inhibitor molecuJ.es are covalently attached to a 
single polymeric chain, or where two differer1t 
polypeptides are attached to a sinq1e polymeric chaLn, 
t:e., a sinqle bidentate molecule containing both a TNF 
inhibitor and a IL-1ra moiety. 

Native IL-lra _(figure 1) and various muteins of 
IL-1ra have been peCJYlated according to the present 
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invention. Peqylation of wild ~ype IL-ira at free 
suiphydryl groups, by the metho~s described in the 
examples below, results in the addition of ~PEG at 

cysteine residue at position 116 o: ~!rlra (c116). 

the 
The 

other three cysteines are not accesslil1e for pegylation 
in the fully native molecule. · To e~~ach mPEG ~olecules 
at different sites of IL-lra and to make mPEG 
conjugates having more than one mPEG, IL-1ra in which 
native amino acids in ~L-ira were replaced with a 
cysteine, or additional cysteines are added at the 

amino-terminus of the protein. To prepare conjugates 
in which residue 1.16 is pot pegy-lated cll6 has been 

changed to a serine in a number of the muteins. Below 
is a list of the ~uteins that have been generated for 
reaction with mPEG (the residue numbering is based on 
the sequence qiven in :iqure 1i c referrinq to cysteine 
ands referrinq to serine): 

cosl.16 coc116 

C84Sll6 C84C116 

c6s1l6 

c8s116 

c9s116 

C6C11.6 

c8c11.G 

c9cl.16 

c141.sl.16 Cl41c1l6 

Nativ~ 30kDa TNF inhi~itor· (rigure 2) does not 
contain any· free cysteine residues. The following 
muteins of 30k0a TNF inhibitor have been prepared. (the 

residue numberinq is based on the sequence given in 
Fi<JUre 2: c referrin9 to cysteine): 

c105 30kDa TNF inhibitor 

cl 30kDa TNF inhibitor 
cl.4 301'Da TNF inhibitor 

c111 30kDa TNF inhibitor 
cl6l JOkDa TNF inhibitor 

rnciuded within the scope of this invention is 
an entire c1ass of co~pounds, as depicted in Figure 19, 
that can be represented by the.formula R,-X-~ wherein 
R1 and ~ are bioloqically active qroups and at least 
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one of R1 and R2 is polypeptidic, and X is a non-
peptidic polytneric spacer or lir~~== ~up. R, and Rz 
xttay be ~he same group or differen~. Where R, and Rz 
are different groups, both R1 enc =<t ~y be 

polypeptidic~ or R1 may be polype?~idic and Rz may be 

any biolo9ically active group.· '!':~e ~ounds having 
this structure, which have been reze::=red to as 

"dw.ubbel111 compounds, are charact.e::-ized by being 
substantially purified. ••subste.ntie.l1y purified." in 
this context is defined as beins a hOllloqenous 
composition. 

A homoqenous composition consists of one 
molecule of the linker X and one molecule of R, and one 
molecule of Rz· A homoqenous composition includes, ~ut 
does not require, that the biologically active groups 
R1 and. Rz be attached to the linker at the exact sal!le 
location on the groups .. in ea.ch inolecule of the 
compound. In certain embodiments of the invention, the 
biologically active 9roups are attached site 
speci·fically to the linket". For example, in the 
compound clOS :JOkDa TNF inhibitor PEG~00db1 two c!.0.5 

30kDa TNF inhibitor sroups are a~tached at the 105 
cysteine residue to the PEGi®o linker. 

When referring to a "homo9enous ~ol'lposition" it 
is to be understood that on a molecule-by-molecule .. . . 
basis, the dutnbbe11· compound ~s also not necessarily 
homoqenous with respect to the exact lenqth of the 
spacer qroup. It is understood by those skilled in the 
art that any production process that uti1izes a given 
~ei~ht range of PEG or oti,.e: hiqher molecular weight 
polymer beqins ~ith a solution that contains an 
"averaqe" JUOl~c~ar weight .. Therefore, when a bis­
reactive PEG unit is reacted with a polypeptidic group, 

- the PEG unit is by definition polydfsperse~ and tha 
resultant dumbbell compound is heterogenous to the 
extent that the lenqth of the linker is subject to the 
variation known to exist by those sk111ed in the art. 
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In summary, 11 subs~a.ntially puri.:ied" in this context 
refers to materials that are substantially free from 
compounds: 1) that deviate in the coapcsition of ~ or 

R2 ; or 2) that are linked toqether by Dore than one 

linker X. 
· R1 and Rz are defined as beinc; bioloqically 

active groups. Biologically active groups include any 
compound that can induce a biologica~ effect on 
interact with a natural biological wolecule. 

Biologically active qroups include proteins, 
polypeptides, steroids, carbohydrates, organic species 
such as heparin, metal containing agents, vitamins, or 
any other biologically active species. At least one o~ 

.. ··· -
the groups R1 and Rz is polypeptidic. In the preferred 
embodiment, both R1 and R2 are polypeptidic. 

Polypeptidic is defined as any compound that is 
substantially proteinaceous in nature. However, a 

polypeptidic 9'rQup Jnay contain sotne non-peptidic 
elements. For exa~ple, glycosylated polypeptides or 

synthetically modified proteins are included within the 
definition. 

The ~ioloqically active 9roup·s .R1 and Rz include 
bindin9 qroups and targeting groups. Binding groups 
are defined by their affinity for a qiven biological 
l.igand." Tarq~ti.nq qroups are defined by their abi1lty 
to direct the location of a complex within a biological 
system.. R1 and Rz may have affinity for the SaJne 

ligand, in which case the du-mbbell may have enhanced 

affinity to that lig'and.. R1 and R2 l<lay have a.n 
affinity for different ligands, wherein R1 serves to 
tarqet the complex into a location where the ligand for 
Rz ·predominat~s. 

Preferr~d polypeptidic groups are receptors, 

the extracellular portions of receptors, cell surface -- - ..,._ 
molecules, and extracellular macrix 1U.0lecu,es, ~inding 
proteins,- and receptor antagonis~s. Included al\\onq the 
polypeptidic groups that li\ay be used as R1 or ~ are 
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the following polype~tides and any frac;::ner.t thereof: 
rL-1 receptor antagonis~, 30kDa TN? in_~ihitor, 40kDa 

TNF inhibitor, Il-2 receptor, CRl (all references to 

·CRl include any single or combination of consensus 
repeat sequences of CRl), PDGF receptor, IL-2, MCSF 
receptor, EGF receptor, IL-5 receptc=, IL-3 receptor, 
GMCSF receptor, T-cell receptor, H~.-I, ~1-A-II, NGF 
receptor, J:gG cv., V1}, C04·o, CD27, Z!.-ii receptor, 
I:nteqrins CR3, VLA4 , ICAM, and VCAM1 02, GMP140 Lee 

domain, Laminin binding protein, !.a~i~in fragments, 
Mannose bindi~g protein, exon 6 pep~!de of POGF, and 
proteases (with_2 catalytic domains or a tarqet domain 
and a catalytic domain). All references to receptors 
includes all fo't"Ii\s of the receptor whenever more than a 
sinc;le fonn exists. In the preferre.d el\\bodiments, the 
c;roups R1 and Rz are seleeted from the qroup consisting 
of IL-i receptor antaqonist, JOkDa TNF inhibitor, Cl<.1, 
and IL-2 receptor (both the a and p chains). 

In a preferred embodiment, the non-peptidic 
po1ymeric spacer X ~ay ~e further defi~ed as follows: 
X = -Y1-(Z)n-Yz-· wherein Y1 and Y2 represent the residue 
of activating qroups that react with R, and Rz to link 
the spacer tc the groups R 1 and Rz, and (Z}n represent:s 
the base polymeric group. Accord.inq to the present 
invention n is qreat~r than 6 and preferab1y is greater 

·than 10. 

Non-peptidic is defined as a polymeric group 
that is substantially not peptidic in nature. The 
inclusion of less than 50% by weiqht of ~-a.tnino acid 
residue as part of Y1 , Y2 and Z would be considered 
substantially non-peptidic in nature and would he 
considered non-peptidic. In the preferred embodiment, 
the non-peptidic spacer X is non-immuno9enic, and 
J::TioloqicallY inert and hydrophilic. In addition, the 
pref erred linkers are capable of conveying desirable 
properties to the bio1oqical1y active polypeptidic 

qroups -- such as reduced i~~unoqencity, increased 
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solubility, or reduce; clearance rate from the body -­
without siqnificantly reducing the affinity of a 9iven 
R1 or R2 qroup to its ligand- In the most preferred 

etnboditnents, th~_ c?tupound R1-X-Rz. (wherein R,•Rz and R1 

and Rz are bi~din9 groups) has an affinity for its 
ligand that exceeds the affinity t...~at the non­

derivitized binding group has to the liqand. For 

example, sub-stantially purified clOS 30kDa TNF 
inhibitor PE~®db has an inhibito~ activity for TNF 

that is qreater than 20 times the inhibitor activity 
that cl05 JOkOa TNF inhibitor has for TNF. 

The activatin9 groups Y1 and Y2 that are part of 

the po1ymeric spacer X may be comprised of any of the 
activating qroups as discussed above, including the 

maleimide group, sulfhydryl group, thiol, triflate, 

tresylate1 aziridine, oxirane, and 5-pyridyl. The 
preferred a~tivating groups are mal.eimides. 

The polymeric group {Z)n is preferably selected 
from the group consi.si:ing of polye:thylene qlycol, 

polypropylene glycol, polyoxyethylated qlycero1, 

~e~ran, poly p-a~i~o acids 1 CQlonic ~cids or other 
carbohydrate polymers and polYiaers of biotin 
derivatives. In the pr:eferred e~odi1Etents 1 the 
polymeric group is po.lyethyl_ene q~ycol. Any non­

peptidiq polym.eric group that would serve the functions 

as described herein would also be included within the 
scope of this inve~tion. 

· One of the ad'Vantaqes of the present invention 
is the ability to vary the distance betweeh the groups 

R.i and R2 by varying the length of the polymeric group 

linking the tvo bi~~ing groups. Although not li~ited 

by theory, it is proposed that the increase in 

biological activ~ty seen fQr the multimerie compounds 

of this invention may be attributed to the multirueric 
. -nature of the cel1 receptors and liqands in vivo. For 

this· reason, the optimal distance between the units R1 

and R2 (which would be qenerally directly proportional 
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to the len~th of the polymeric uni~ {Z)n) may be easily 

det~rmined by one skilled in the a~ ~y varying the 

size of the spacer x. 
rn one embodiment of the present invention, the 

qroups R, and R.z are the sa~e. However, in an 

al t:ernate embodiment R-: an~ Ri are different species. 
such compounds can be designed tc c=ec.te a heterodimer 
wherein both R, and Rz act within the sa'tle general 
bioloqical systems. For example, bo"t-~ IL-1 receptor 
antagonist and TNF inhibitors are beiieved to disrupt 
the inflammation cascede. The difuncti~nal cornp1exes 
inay also be designed where R1 or R2 is a ''targeting" 

species that "directs" the cotaplex to a specific 

location by its binding affinity ~o a certain 

substrate, and the ·opposing binding group has a desired . 
activity at the localized site. 

An exa~ple of a heterodimer that has qreat 
potential for being a successful IL-2 inhibitor is one 
where ~1 is IL:-2.ro: and Ri is IL-'2rP. such a 
hetero4imer ~imics the receptor complex that has the 

highest affinity for IL-2. See Example XVII. An 
addition~1 heterodimer that can act as a coMplement 
inhibitor is the heterodimer where R, is the C3b 
bind~ns doma~n from CRl and ~ is the C4b binding 

domain from cRl.. See Example XVIII. In an additionai 
heterodimer R, is the exon 6 peptide of PDGF and ~ is 

IL-1ra. See EXample XIX. 
In the pref erred embodiment of the invention1 

the procedures for producing the ?ifunctional R.,-X-Rz 

comp1e~es are essentially the sa.Jne as those used for 
the site-selective reaction of polypeptides as 
de~cribed above •. The synthesis of cl.OS lOkDa 'l'NF 
inhihitor.PEG~~db'is d~~cribed below !n Example i3. A 
biS-reactive polymeric group is reacted with a 
cysteine-conta.ining polypeptide, wherein the activating 

group on the bis-reactive polyineric group forms a thio­
ether bond with the selected free cysteine residue. As 
described above, the cyste!ne may be a tree cysteine 
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naturally-occurring on the polypeptidic g=o~p, er a 
non-native cysteine tna~ has been adeed or substituted 
into the natural sequence. 

The preferred bis-reactive polYJD.eric compound 
of the present invention is ~-(2~lei:iilido)~-maleimido 
poly(oxyethylene) or bis-maleimido ?EG. The synthesis 
of bis-maleimido PEG is described ir. ExaJaple 12. 
According to the preferred method, t.~e bis-maleimido 
compound is prepared fro~ bis-hydroxyl PEG via the bis­
amino intermediate. 

several methods for the conversion of the 

terminal hydroxyls ot PEG to the correspondin9 amino 
qroup have been reviewed by Harris et ai., J. Polymer 
Sci. vol. 22, pg. 341 {1984); Harris, Rev. Macromol. 
Chem. vol. c25(3), pg. 325 (1985). This is 
accomplished by qenerating a reactive intermediate via 
either sulfonation, halo9enation, or oxidation of the 
hydroxyl followed by displacelnent of the activated. 
termini by a nucleophile. 

Other practical alternatives to the synthesis 
of the bis-malei~ide PEG qiven in Example 12 also 
eleist. The reactive intermediate in the conversion of 
the hydroxyl to the a~ine ~ay be the halogenated 
derivative (e.q. the ~-(bromoethyl)-w­
bromopoly(o)Cyethylene) interme~iate (Johannsen, 
ftioch~m.· et Bio~hv. vol. 222, pq. 3ol (1970)) followed 
by direct substitution with anuuonia, (Buckma.nn et al., 

Ma)c.romol. Chem~ vol. 182, pg. 1379 (1981)) or the 
aldehyde intermediate (Harris, sunra.) The bis­
maleimide PEG is no~ the only sulfhydryl:specific 
rea·9ent that may be used- Glass and coworkers have 
deveioped another method for the attachment of PEG to 
su1fhydryls. Glass et al., J. BioDol.ymers voi. 18, p9. 
383 (1979). However, the reaction is reversible with -thiols. Another ~ethod for attachment of PEG to 
cysteinyl sulhydxyls is the bis-4-vinylpyridine PEG 
derivative. 
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Harri~ {suora) also revie•s the synthesis of a 

variety of electrophilic derivatiYes cf PEG that can be 

used as reagents to modi!y proteins. T:~e reagents 

include chlorocarbona~es, isocyanatez epoxide, 

succinimidyl succinate, cyanuric c~lo=ide, mixed 
anhydride, carbodiimides and sulfonates. The latter 

group includes tresylate, tosylate, a~d mesylates. 

Some of the reagents react selec~ively with amines 
. . 

(e.q., cyanuric chloride and earpod~i:mides) while 
others react vith both sulhydryls an~ a~ines {e.q., 

epoxide and tresylates) . Some ot these reagents have 

been used to modify proteins and may result in varying 

.degrees in loss of activity. 

The pref erred preparation of R1-X-R2 complexes 

where R1 and Rz are different requires a two step 

process where the bis-reactive polymeric group is 

reacted in series with R1 and then Rz· The preparation 

of such heterodimers ~ay be accomplished by those of 

ordinary skill in the art without undue 

experimentation. In some cases the intermediate R,-X 

must first be isolated and purified prior to reaction 

with Rz, and in other circumstances an intenuediate 

purification ·may not be necessary. . 

The extracellular domains of both :IL-2ra and 

IL-2rP 1t1ay b~ clo~ed µsi~q PCR and cloned into a vector 

~apab1e of directing expression in E. coli. The 

prote~ns may be refolded and purified from.E. coli and 

their ability to inhibit !L-2 activity measured in 

bioassays. .In. vitro mutaqenesis can be used to 

substitute native residues in the molecules with . 
cysteine .to allow for site directed attachment of PEG. 

Muteins of both IL-2rc: and IL-2r~ may then be 

identified that allow for efficient attachment of PEG 

which do not 1ose activity when PEGylated. A PEG­

linked heterodimer ~ay be formed by first P.EGy1atinq 

IL-2ra in the presence of an excess of bis-maleimido 

PEG. ~he singly PZGy1ated ~L-2ra ~ay be purified and 
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IL-2rp added to react wi~h the active •aleim.ide qroup 
and fonn the heterodimer. ~his ~olecule may be 
purified and its activity assessed. This molecule 
should mimic the high affinity ~~-2 receptor found 
cell surface$. 

on 

A dumbbell comolex where R. is IL-2 . . and Rz is 
IL-2rP should also be useful as a ~eceptor antaqonist 
of IL-2. 

ilXl\MPLE I. SYNTHESIS OP ?QLYETHYLENE GLYCO!.A~ING 

AGENTS 

Three reaqents are described to indicate the 
diverse means that may be used to derivatize 
polypeptides. See, Append.ix to Example 1, :for 
structures ot Intermediates and rea9ents described 
below. All references provided be1ow are specifically 
incorporated herein by this reference. 

A. SYNTHESl'.·s OF REAGENT l: li\l;>EGx-ESTER­

MALEIMIDE 

The succinate ester derivative.of the m~EGx 
(interm.ediate 1) was prepared as described by Wie et 
Al· rnt. Archs. Allergy ADD. rmmun., vol. 64, pll. 84-99 . . -
(1981). The resu1ting product was weighed out and 
dissolved in a ·~inimum of dry dioxane at 60°C. After 
the solution had cooled to ambient temperature, 
equimolar amounts of both tri-n-buty1amine and isobutyl 
ch1orof ormate were added. The reaction proceeded 
thirty minutes with stirrinq. ourinq this time, a. 

borate buffer, pH 8.8, was made by titrating a solution 
of o.s M boric acid with 1,6-hexanediam.ine. The 
solution containing the mixed anhydride was added 
dropwise to an aliquot of the borate buffer containinq 
a 10-fold molar e~cess ~f 1,6-hexanediamine ove~ the 
mixed anhydride. The reaction mixture was exhaustively - -dialyzed versus deionized water at 4°C and fYcphilized. 
This polymer intermediate (intermediate 2) was reacted 
with a 2.S:l molar excess of sulfosuccinimidyl 4-(N-
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malei~iodethyl) cyclohexane-1-ca~:oxylate (sulfo-SMCC, 

Pierce Chemical· Co., Rockford !ll.} in 50 mM sodiwn 

phosphate or HE?ES buffer, pH 7.0, for two hours at 

room temperature. The resultir.9 ~olym.er was purified 

by size exclusion chromatography c£ the reaction 

mixture on Sephadex G-25 usinq 50 ~ 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 monitorinq its absorbance at 

260 nanometers. The reagent was used to a1kylate 

polypeptides within one hour of its purification. 

Since the tnP"£G f rp'la i:h.is reaction can be removed by 

base hydrolysis, ~his reaqent is useful for identifying 

the site of ™PEG attachmant to the protein. 

B. SYNTHESIS OF REAGENT 2: mPEGx-AMIDE 
MALEIMIDE 

The mPEG~-tosylate (intermediate 3) was prepared 

as described by Pil1ai et ~l- J. Ora. Chem. vo1- 45 1 

pp. SJ64-5370 (1980). The amount of sulfonated 

intermed·iate was estimated spectrophoto111etricai.1.y as 

described by Nilson and Mosbach, in Methods of 

EnzymC!loszy, vol. 1.04, pp. 56-69, Acadeiuic Pres. Inc., 

N ~ Y. , N. Y. ( 19 8.4) • .This intermediate was conve--rted. to 
. . 

the phthal.imide derivative (intermediate 4) and 

·subsequentl.y re4~~ed with hydrazine hydrate to the 

·l'l\PEG.c-NHi intermediate (intermediate 5) by the 

procedure of Pil1ai et al., supra. The amino qroup 

capacity in equivalents per 9ram of product was 

quantified by microtitration with hydrochloric acid. 

The mPEG~-N~ was reacted with sulfo-SMCC in HEPES or 

p~osphate buffer pH 7.2 a~ room temperature for two 

hours. The amount.of the mPEG~-amine to sulfo-SMCC was - . -testea at molar ratios of 5:1 to 1:5. 
To determine the optimal conditions the final. 

reagent (reagent 2) was used in peqylation reactions 

and the quantity and quality of mPEGx*IL-lra (we wi11 
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use this desiqnation for ehe pegylated product of ZL­
ira reacted with reagent 2 and !ll.P~G.!~J.ra for 
pe9ylated IL-lra fro~ a reaction with reagent 3 
described below) obtained from these reactions was 
assessed ~y SDS-polyacrylamide qel elect:rophoresis 
(PAGE}. The optimal result Wa$ seen with a 1:1 ratio 
of SMCC to mPEGx-NH2• Higher proportions of sulfo-SMCC 
generated mu1tiple higher molecular weight derivat~ves 
or XL-1ra on sos-PAGE and muitiple peaks on analytical 
ion exchange chromatoqraphy and lower proportions 
resulted in a reduced yield of peqylat~d protein. 
Reagent 2 was purified by size exclusion chro~atography 
using G25 sephadex resin. 

C. SYNTHESIS OF REAG:Et~T 3 : mPEGlt -MALEJ:MIDE 

The mPEGz-NH2 (intermediate 5) can be modified 
furthe~ to yield a different maleimido~derivative 
(reagent 3). The latter ~as accomplished by reacting 
the mPEG.-NH2 with li.l.aleic anhydride via an adaptation 
of the procedure of Butler and Hart1ey, in Methods of 
.EnzvmoJ.oqy, vol. ~ pp. 191--199, Academic Press. Inc., 
N.Y., N.Y. (1972) and cyclizinq this intermediate 
(intermediate 6) to the correspondinq 0-(2-ma1eimido 
ethyl) -o '-methylpoly.ethylene glycol using the method 
described by Wunsch et al., Biol. Chem. Hopce-sevler, 
voi. 366, pp. 53-61 (1985). 

APPENDIX TO ~XAMPL? r 
SYNTHESIS OF REAGENT l 

Structures of start;~~9 material, intermediates and 
reagent from synthesis i. 

starting material: 
Generalized formula for monomethoxypolyethylene glycol 
(tnl?EGx) : 
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where ·~ denotes the avera9e molec-~la~ •eiqht or the 

polymer in kilodaltons and n is the averaqe number of 

repeating oxythylene 9roups. 

Intermediate l.: 

Intermediate 2: 

CH3o- ( CH2CH20) n·1- ( C~CH2) -o-~-CHzCH2-~-NH- ( CR2) 6 NHz 

Reaqent l: 

c~o- (CHzCHzO) l'l·l-(~CHi) -o-~-CHzCHz-~-NH-(CHz) 6-NH-g-0-

-CH2-Y 
SYNTJ{ES!S OF REAGENT 2 

Structures of start.ing niaterial, intenuediates and 

rea~ent froin synthesis 2. 
startinq material: 
Generali.zed formula for to.onomethoxypolyethyiene q1ycol 

(mPEGx): 

where x denotes the average molecular weiqht of the 

pol.yin.er in ki1oda1 to_ns and n is the average number of 

repeating oxyethylene groups. 

Intermediate 3: 

!nteriuediate 4: 

ca,_o- < CH,:,oi" ~.-c CH,Cl!2 l -N¢@ 
:Intermediate S (ltlPEGx-NHz): 
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Reaqent 2: 

CH10- (CHzCliaOl .,.1-(CliaC!ial -NH-D- ? --ca.-9 
SYNTHESIS OF REAGE..~ 3 

structures.ot'startinq·material, intermediates and 
reagent from syn~esis J. 

starting materia1: 

~ntermediate 5 (mPEG¥-NH2): 

Intermediate 6: 

~eagent 3: 

0-(2-ma1eimidoethyl)-O'-nteth~l polyethylene g1yco1 

CH:.0-(CH,CHzOJ .,.1- CC!lzC!ial -N9 
EXAMPLE l:l:. PREPARATION OF ~EGY¥iTED NA'l'I:VE IL-1ra 

various paraineters ~ere tested in optimizing 
the pe~lation r~action of native IL-ira with 
successful peqylation assayed by visua1 inspection for 
a single tight band at 29 kilodaltons on Coomassie 
stained sos-PAGE an~ a single sharp peak by analytical 
ion exchanqe chromatography. Unless otherwise state~, 
pegylation reactions were done at 1 mq/ml ef native rL-
1ra at ro~~ temperat~re in HEPES bufter pH 7.2 with a 
mPEG reagent to rL-ira ratio of 2:1. The reagent used 
in these seudies was mPEG-amid~-ma1eimid;- (Reaqenf"°2) 
and the product is referred to as mPEGx*XL-1ra but the 
results are applicable to all·three reaqents. 
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A. TIME 

Pegylation reactions at rocn ~enperature were 

analyzed from o.s to 2~ hours. conve~sion of the XL­

lra to the pe9ylated form is co~plete (80%-90%) in two 

to four hours· and the total amount of ~PEG*IL-lra does 

not increase or decrease after-longer periods of 

incubation. The quality of the mP£G*IL-1ra assayed by 

SOS-PAGE decreases at longer ti~es due to the 

appearance of additional bands and smears at higher 

molecular weiqhts o~ the s~ained 9el. 

B. TEMPERATURE 

Pegylation reactions were incubated at 

temperatures of 4°, 25°, 37°, and 50°C and then analyzed 

at time points of 0.5, l, 2, 4 and 17 hours. The 

reactions ~t .2s0 and 37° genez::ated a l.arge alnount 

(about 50%-80%) of pegylated protein within one to two 

ho.urs but those at 4°c and so0 c resulted in a much 

lower yi.eld ( l.0%-20%.) even at the later time points. 

The quality of the lUP~G*:J:L-:lra does nqt seem to change 

significantl~ with.temperature. 

C. PROTEIN CQNCENTRATION 

Pegylation reactions have been done with 

protein concentrations (native IL-~ra) between SO US/~l 
I 

~nd 10 ~q/ml. All of the concentrations tested worked 

wel.l. and there vas ~o difference in the quality of the 

mPEG*IL-l.ra. 

D. pH 

Native IL-1ra was peqylated under the reaction 

con~itions stated above between pH S.5 and 7.5. ~he 

quality of toe mPEG*IL-lra is slightly better by sos­
PAGE and ion~xcha~qe at a lower pH (5.5) but the 

percent conversion is the same. 

E. mPEG~A.~IDO-MALEIMIDE TO NATIVE IL-lra RATIO 
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We tested ~atios of bet~ee~ O.S:l to 20:1 of 
the mPEG-amido-maleimide eo native !L-lra. Ratios 

hi9her than about 2;1 result in efficient conversion to 

the peqylated form of IL-lra. (50%-90%) - Ratios greater 

than 5:1, however, generate lower qua1~ty mPEG*IL-lra 

by increasing the amount of extra hish ~olecular weiqht 
bands on reduced SDS-PAGE and ~ultiple peaks on ion 
exchange chromatography. 

The optimal reaction conditions for both 
quantity 'ot mPEG*XL-1ra obtained and quality of the 
material, within the parameters used, is a 2:1 mPEG­

amido-maleim.ide/IL-1ra at 2s0c for 2-4 hours usin9 

rnPEG-amido-maleimide generated with a l:l ratio of 
Sulfo-SMCC to mPEG-amine. With these conditions 80-90% 

of the IL-lra is converted to the pegylated form using 

reagent synthesized with eithe.r mPEG5000 or mPEG8500 as 
the starting material (Figure 3). 

F. PREPA..1<AT!ON OF !L-lra PEG DUMBBELLS 
PEG dumbbell complexes containing IL-lra are 

, .. 
made according to the s~~e procedures as other 
PEGylated IL-1ra species. ·A 2-4 molar excess of bis­

maleimido PEG to IL-1ra in HEP~S hurter at 7-0 is used. 
With IL-lra, the species used may be the wild type 
m~lecu1e, which ha~ a free and available cysteine 
residµ,e·, or a :mutein prepared as described herein. The 

IL-ira is at a concentration of 2-5 mq/ml. The 

reaction 

6 hours. 
purified 

is incubated at ambient temperatures for 4 to 

The IL-1ra PEG dwnbhell compounds are 
from the unPEGylated and sinqly PEGylated 

species by Monos cation exchange at pHS.5 in 20-SOJ:DM 

M£S buffer using a gradient from O to iooo lDM NaCl . 
.,.~ .. . 

Further purification may be achieved by size exclu~ion 
chro~atoqra~hy using a BioRad TSK 2SO or superdex 75 
column, as described below. 

EXAMPLE +ii. PURIFIChTION OF PEGYLl}TED ~ATIVE .IL-~ra 
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Purification of ~?EG.*I~-~=a =~~ he achieved by 

cation exchange or size exclusien ch~cmatoqraphy. 

These procedures are applicable tc ~lated IL-lra 

derived from all three reagents dese~ibed above~·· 

A. CATION EXCHANGE CHROMAT~..P.:!Y 

The mPEG *!L-1ra can be curifie~ using a Monos 
Ji • 

(Pharmac~a) column with 20mM MES buffer at pH 5.5. The 

proteins wer~ ·'eluted· from the column using a salt 

gradient from o to 5001\lM Naci in the saJUe buffer. For 

example, unmodified IL-lra elutes at·22omM NaCl, while 

the purity is assessed by various techniques including 

analytical ion exchange chromatography and SOS-PAGE. 

mPEG5000 IL-ra elutes at 160m."'1 (Figure 4). 

B. SIZE EXCLUSION CHROMATOGRAPH:Y 

'I'he mPEGsQoo*!L-1ra, which runs as about 52 kd, 

and mPEG8500 *IL-l.ra, which runs as about 68 kd (based on 

column calibration with kno~n size standards) , can 

easily be se~~rate~.~rcmi..uruuodified IL-ira (17 led) by 

size exclusion chromatography on a superdex 75 

(Pharmacia) column with standard chromatographic 

techniques (Fi<;JUre 5). 

IXl.MPLE IV: CH'AltACTERIZl\TION OF THE mPEG~*IL-ira 

PUrified mPl;:Gx*IL-lra qave a sinqle symmetrical 

peak upon rec~romatoqraphy on Monos and appeared pure 

by both SOS-PAGE and size exclusion chromatography 

(Figure J and 4}. A comparison of the tryptic maps of 

IL-lra and mPEGsooo*IL-lra sho~ed one peak, 

corresponding to the peptide containing c116 and c122, 

absent from the conjugate ~ap with the appearance of a 

new broad peak in this map. subdiqestion of this new 

peak with chymotrypsin and subseqUent .amino acid 

sequence.anaiysis indicated thac cii6 had been 

peqy1ated under the conditions employed (Fiqure 6). 
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f;XAMPLE V. PREPARATI:ON OF II,=l~ !!tr'?El:NS 
Mutaqenesis was perf on;;.ed on single stranded 

DNA from the IL-1ra gene cloned into the ~acteriophage 
M13. Bio~d1 s Mutaqene kit was used ~hich uses the 
procedure described by Kunkel et al. Methods in 
~nzymology vol. 154~ pp. 367-382 (1987). Briefly, 
sin~le stranded DNA template was generated using an E. 
ooli strain that contains the dut and ung mutations, 
resulting in template that contains uracil instead of 
thymidine. Mutaqenic oliqonucleotides between 20 and 
30 base pairs in lenqth were annealed.to the template 
and the secon~ strand was resynthesized using ONA 
polymerase and ONA ligase. The reaction mixtures were 
used to transform a wild type E- coli strain in vhich 
the uracil containing strand is de9raded by the DNA 
repair mechanisms and the mutant strand is allowed to 
replicate. The ~utant phaqe ~ere screened and 
sequenced by standard ·techniques. The fra911lent 
containing the mutant qene was tjien subc1oned. into the 
ex~ression vector pTST (Eisenb~rq e~ al. Nature vol. 
343, pp. 341-346, (1989)) and transform~d into the T7 
expression systelll strain (E.coli B12l.DE3). Other E. 
coli expression systems may also be used. 

Expres~ion clones were grown in Luria Broth 
supplemented wl:th lSug/ml t;e.tracycline at 37°C. · When 
the cultures reache,d an optical .density of .o.s at 6oonm. 
they were movet;l to 3 o0 and IPTG was added to a final 
concentration ot 1 lDM to induce expression of the IL­
ira gene. Total accumulation of the IL-1ra protein was 
maximal a~ter 4-6 hours and did not change 
significantly for up to 12 hours post induction. 

EXAMPLE VI: .PURTFYC~~TON OP ~im XL-1ra Mtl'l'BXNS 
Cell cu1tures induce~ as described above were 

harvested by centrifugation at lOOOOq for 10 min. The 
cells were resuspended in 30mM sodium acetate buffer pH 
5.2 in 20-50 mls. Lysis was achieved by two passes 
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throu9h th~ French Pressu=e eel: =~ ~aooo psi. The 
cell lysate was centrifuged at 10000~ for 10 minutes. 

~he soluble po~ion was loaded on~o a s-sepharose 

column and·washed with the same b~!fe~ containing 75mM 

NaC1. The IL-1ra mutein eluted wi~~ buffer containing 

200Il\M NaC1. The single pass over the icn exchange 

resi~ result~~ in a product of sufficient purity (>95%) 

for peqylat.ion studies. Further purification can be 
achieve~ using other ion exchanqe resins such as Q-

s epharose or MonoQ.. This procedure was used for 

several Qf the IL-lra muteins with equal success. rn 
some cases it was necessary to vary the pH end/or NaC1 

concentrations slightly to purify muteins which have a 

small change in protein charge due the change in amino 
acid ~e~uence. With these sliqht variations that wouid 

be easily manipulated by one of ordinary skill in the 

art, this procedure is generally applicable to all of 
the muteins studied. 

EXAMPLE VII: rL-1ra MUTB~N PEGYLATION 

rn addition to the native IL-1.ra, m.uteins 
cS4sl.l.6, c84ell.6, c0sll6 and c9sll~ were peqyl.ated •. 

Empl9yin9 the same conditions used for the native IL­
ira, the pegylated fonns of c84s116 and c84C116 w~re 

produc~d _and purified. Since c84Cll6 contains two 
reactive cysteines, peqylation results in a higher 

. . 
molecu+ar weight protein at about 40 kd on sos-PAGE. 
Th.is protein can be purified by cation exchange or size 

• • 
exclusion chromatography and runs at the expected 
molecular weight of about 68 kd on the-latter when 

us in<J PEG5000 • 

:EXAMPLE VIrr. EFFICACY OP THE mPEG*IL-1.ra 

The e~ficacy of the peqylated native IL-ll:a 

molecules was tested by a seandard co~petitive receptor 

binding assay using s35-!L-lra as the ligand. Mouse 

cells (EL4) containinq the aouse ~ype i IL-l receptor 
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or hamster cells (CHO) expressing from a cioned qene 
the human type l receptor were ase~ a~ l x 106 cells 

per well and 1 x io5 cells per well, =espectively, in 
96 well microliter dishes. s35.-IL-l:-a ..-ith a specific 

activity of 4000 Ci/mmol was added ~o a final 
concentration of lSOpM. Cold·ligane ~as added in 
serial dilutions from 28 mM to lJ pM and allowed to 
incubate for 4 hours at 4°C. The cells were then 

filtered throu~h a Milliliter filter plate (Millipore, 

.s micron pore size Durapore filter), washed to remove 
nonspecifically _bo~nd c:ounts, the filter removed.and 
counted on an Ambis Radioanalytical Imaqinq System. 
Equilibrium diss.ociation constants (kOs} were 
calculated and used to compare the peqylated and 
unmodified forms of IL-ira. Unmodified wild type IL-
1ra and c84sll6 have equal kO's for the type l mouse 

receptor of iso-300 pM in our assay. The ]CI;> for the 
IL-lra p~qylated form is about 400-800 pM and for 
peqylated c84s116, soo-1000 pM which is 2.5 and 3.5 
f o1d higher than ~at of the unmodified protein 
respec~ively. Th~ k.Os for all bu~ one (C6Sll6) Of the 
uripegyiated mutei~s are within 65-150% ot the native 

protein, within the standard error of the assay. See 
Table l. 
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':ABLE 1 

ANALYSXS OF PEGYLATED IL-1ra MOLECULES 

MU'l'El:N 

W.ILD TYPE 
C84Sl.l6 
C9S1J.6 
C6Sll6 
COS116 
C84Cl.l6 

PEG*:I:L-l..ra 

S:C'NGLE 
PEGso00cJ.lo 
PEGsoooC8 4Sl.l 6 
PEGasooC1l.6 
PEG6500c84sll 6 
PEGB:>DocOsl 16 
PEGasggC9s116 
PEGuoooc116 

DOUBLE 
PEGsoooCS4C1l.6 
PEG8500c84Cll6 
PEG12000c84Cll.6 

DUMBBELLS 

SI:ZE 
(k4) 

l.7 .·5 
17. 5 
J.7.5 
17.5 
17 .5 
17.5 

100 
98 
67 
37 
63 
95 

50-60 
50-60 28 

70-80 
70-80 30 

NO 22 
NO 12 
78 20 

70""."80 
lS0-200 

175 

55-65 

l.1.: 
4 
5 

60 49 
l.75-200 49 

200 
>200 

34 

30 

49 

.60 
24 

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

EXl\MPLE IX: PHAR...liACOKIN!::TICS OF PEGYLAT~D NAT:tVE 
MtzTSl:N :tL-l.ra 

The pharmacokinetic cnarac~er of several 
pe9ylated native and mutein !L-J.ra ~olecules was tested 

following.intravenous injection of the molecu1es to 
rats. Native or pegylated IL-lra was injected as an 

intravenous bolus dose (3 mq/kq}. Serial blood samples 
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were drawn from the ~ail vein and assayed for native or 
pegylated l~-lra by enzyme-linked i:nmunosorbent assay 

(ELISA). The resultin9 plas~a iL-ira concentration vs. 

time profiles (Figure 8) illustra~e 't:hat pe~ylation has·· 
a pronounced influence on the disappearance of IL-1ra 

from the plasma after intravenous injection. The 

declines in plasma IL-lra and pegy1ated derivatives of 
IL-lra are best described by three exponential 
components. The data indicate that pegylation prolongs 

the half-lives of these exponential components up to 

six-fold in the rat (Table 2). The half-lives of these 

exponential co~ponents increase as the size of the PEG . ~ . 

molecule increases (Table 2)- Additionally, there is 
evidence tha~ the prolon9ation of the half-lives ~ay be 

peqylation site-specific. Standard compartmental 

analysis was used to interpret the data of Fig-ure 8. 

The prolongation of 

half-lives may be explained based on accepted 

pharmacokinetic theory ..rni~h states that.the plasm.a 
· ~alf--;J,.ife for a drug- is inversely related to the plasma 
clearance for the dt"\29 and directly relat.ed to the 

·apparent volume of distribution for the dru9. 
Pharmacoki~etic analysis of the disappearance of 
pe<JYlated IL~lras from the plasma indicate that th.e 

-prolonqation in half-iife is inversely related to·a 
decreased plasma clearance for the peqylated molecules, 
compare~ to native IL-lra (Table 2)- The decrease in 
plasma ciearance is consistent with an anticipated 
size-related decrease in glo~erular fileration of the 

pe9yiated molecules by the kidneys. Also, the 

prolongation of the half-lives by pegylation is 
·directly related to an increase of the distribution (Vd 

~tea~y-state, Table 2) of ehe peqy1ated molecule. The 
increase in distribution vo1ume indicates greater -- -penetration of the pegylated molecules inte the 
extravascular pool. Through this mechanis~ pegylation 
i~proves therapy vith IL-lra by increasing the extent 
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to which the active molecules move frc~ the systemic 

circulation into the ex~ravascula= ccapartment, a 

compartment in which IL-l receptors are expected to be 

located. Because of the similarit:y ~etween rats and 

humans in both clearance and dis~ri~ution ~echanisms 

for IL-1ra, it is apparent that pegy1ation will 

similarly improve the phar~acokine~ic properties of IL-

1ra in humans. 

1. Additional intravenous ohar:macokinetics for 

pegylated IL-ira 
The intravenous pharmacokinetics for eight 

additional pegylated IL-1ra muteins have been 

characterized using methods previously described. A 

plot containing intravenous plasma IL-1ra concentration 

vs. time curves for each of the molecules is attached 

(Fisure 10). Review of all of the intravenous 

pharmacokinetic data (Table J) indicates that as the 

size of the PEG (sing1e or double) is increased, the 

p·1asma clearance decreases and hence the intravenous 

mean residence time and plasma IL-ira disappearance 

half--lives increase. The site of. pe9Ylation is 

important in det~~ining the extent to which the 

. peqylation decreases the plasma c1earance and prolonqs 

the means residence ti~e. The addition of t~o PEGs to 

IL-1ra p~olon~s the .intravenous mean residence time 

fourteen-fold compared to wi1d type rL-1ra. 

2. Subcutaneous chanuaeokinetics for neqvlated IL-1ra 

Absorption pharmacokinetics of pe<]Ylated IL-ira 

muteins have been characterized following sUbcutaneous 

injection of the molecules to rats. serial blood 

samp1es were dra'lil?l from the tail vein and assayed for 

native or pegylated !L-lra by enzyme-linked 

immunosorbent assay (ELISA). The resultinq 

subcutaneous plasma IL-1ra concentration vs. time 

curves are plotted in Fiqure 11- The subcutaneous 
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phanuacokinetic data (Table 3) re~eal variable system!c 
availability for the pegyla~ec ~uteins, related to the 
site and size of the PEG, and ~elated to sul:>cutaneous 

inj_ection in non-optimized fo:r:mulations.. Tabl.e J al.so 
reveals a remarkable positive inf1uence of pe9ylation 
on the mean residence time for-su~C"'~taneously injected 
IL-1ra. As the size of the PEG is increased, the mean 
residence ti~e is generally increased. "This increase 
is probably the result of molecule-size-related s1ower 
absorption throuqh the lymphatic circulation (longer 
mean absorption times) as well as to delayed clearance 
after the pegylated molec-~le reaches the systell.\iC 

circulation (plasma)- This prolonqation is profound 
and will improve the pharmacokinetic character of 
subcutaneous IL-ira in humans. 



TABLE 2 

C84 C84 
Cl16 PEG(S500) PEG(SOOO) 

wild type·PEGC8500) PEG(5000) 8116 Sl16 

n 4 1 1 1 

' 

Vd initial, ml/kg 211 59 30 SB 

Vd steady state, ml/kg 1.10 160 150 21\0 

plasma cleara1ice, ml/min/kg 7.4 3,1 7,7 !J. 0 

tl/2 initial phase, min l.1 12 2.5 10 

. 
tl/2 intermediate ~hase, min JO 60 29 . 87 

tl/2 ter.minal phase, hr 2.0 12 1. 9 7.2 

mean residence time, hr 0,25 0,86 0.32 1.4 

1 

66 

290 

5.0 

6.5 

82 

s.o 

0.9G 

' ibo 

'° I 

~ 
( 
II 

J 

r 
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EXAXPLE X: PREPARATXON OF 30kDa T!.""F ~NHXBITOR MUTEXNS 

cystein.~ has been substit~~ee !or the native 

residue at both the ami~~ terminus ane carboxyl 

terminus of the protein as well as all t:hree 

qlycosylation sites (residues ~' l~. 105, 111 and 161 

as seen in Fi9ure 2). Mutagenesis was performed on 
sin9le stranded DNA from the 30kDa TN: inhibitor gene 
cloned into the bacteriophage Ml3. This gene is 

described in detail in u.s. Patent Application Serial 
~o. 07/555,274 filed July 19, 1990. Mutaqenesis was 
done as described by Kunkel et a1. (1987) (see Exa:t11p1e 

V) • The ~u~a9enized gene was isolated and su.bcloned 
into the expression vector pTST {~isenberq et al., 
Nature vol. 343, pg. 341 (1989)) and transformed into 

the T7 expression system strain E. coli BL21DE3. The 
30k0a TNF inhibitor ~uteins were purified and refolded 
as described for native JOkOa TNF-inhibitor. ~, the 
U.S. Patent Application Serial No. 07/555,274 filed 

July 19, 1990. Retoldinq includes the.addition of · 

cysteine to the· solution containing the purified 

protein. The cysteine aids in the refolding and 11bonds 

to•• the free cysteine in the mutein. 

~XAHPLE XI:· PEGYLA.TION OF 30kDa TNF rNH:XBrTOR MU'l'EXNS 

The cios 30kDa TNF Inhibitor ~utein was exposed 
to a 6-fold molar excess of OTT in SomM HEPES Ph 7.0 

for 30 ~inutes at a~ient temperature in order to 
remove an extra cysteine attached durinq the refoiding 
process. The protein was then dialyzed aqa~nst de­

gassed ~OmM HEPES pH 7.0 for 2 hours to remove the OTT. 
The clOS 30k0a TNF inhibitor was then reacted with a 5 

f_o1d. molar excess of peqylatinq reagent i (See EXample 

1A) for 2 hours at ambient"temperature in SOmM HEPES pH 
7. o. - Approximatel.y 60% of the mutein was converted to 
the peqylated form. 

The c105 peqy1ation reaction mixture was loaded 
onto a superdex-75 FPLC column (Pharinacia) -run at 0.25 
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ml/min in somM Tris pn 7.0 1 lOOll\.~ Naci. Fractions 

containin9 clOS-PEG JOkDa TNF-inhibitor were pooled and 

loaded on a TSK-2ooosw HPLC column (Bio-Rad} run at 

o.2ml/min in the same buffer. The fractions containing 

essentially pure cl05-PEG JOkOa TNF-inhibitor, as 

determined by silver stained SOS-PAGE, were pooled and 

the protein concentration determined by Bio-Rad protein 

assay. See Fiqure 9. 

The activity was determined using the murine 

~929 cell TNF cytoxicity assay as described in U.S. 

Patent Application Serial No. 07/555,274 filed July 19, 

1990~ 

EXAMPLE x:n: ~ TliE PREPARATION OF BIS-Ml;.LEIMIDO PEG 

The synthesis of the et-(2-aminoethyl) c.>­

aminopoly(oxyethylene) derivative of the PEG 

(hereinafter bisamino ?EG) consisted of three steps: 

l) sulfonation of the hydroxyl 9roup using tresyl 

chloride as described by Nilson and Mosback (Nilson et 

s,1.., Hetho~s in.~nzv~oloav vol. 104, pq. 56, Academic 

Press, Inc., -N. Y. , N. Y. {l.984)) , 2) substitution of the 

tresylated intermediate by phthalimide (Pi1lai et al., 

~- Orq. Chem. vol. ~5, pg. 5364 (1980)), and 3) 

-reduction of the phthalimide intermediate to amine by 

hydrazine hydrate (Pillai, sunr~.). Structures of the 

starting material, intetinediates, and products are 

shown in Appendix l to this ·Example. Optimum 

conditions permitted a conversion of approximately 80% 

of the hydroxyl to amine as determined by 2,4,6-

trinitrobenzene sulfonic acid (TNBSA) assay. The 

·bisamino PEG can be purified fro~ the reaction mixture 

by ion-exchange chromatography. This is a key step for 

removing reactive byproducts which can interfere with 

dimer formation. 

The bisamino ?EG was aeylated usinq maleic 

anhydride (Butler et ai., Methods in Enzvm.o1ogy vol. 

25, p~. 191, Academic Press# ~~c., N.Y., N.~. (1972)) 
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and the resultins interinediate was c:-rclized to produce 

a-(2-maleimidoethyl-&-maleim~dcpoly(oKyethylene) 

(Winsch et a1.,· Biol. Chem. Hopoe-Sevle~ vol. 336, pg. 

S3 (1985)). This derivative reacts ~ith sulfhydryls 
via a Michael addition to form a sta!:le tb.ioether. 

APPENDIX TO EXAMPLE XII 

~tarting Material 

Generalized formula tor polyethylene glycol PEGx 

HO-(CH2CHlO) n-H 

where x denotes the averaqe molecular weight of the 

polymer in kilodaltons and n is t~e average number of 

repeating cxyethylene groups. 

Intermediate 1 

. 
F3-CH2-so2-0-(CHiCH20) n· 1 -(CHi~) -o-S02-CH2-F3 

Iptermediate 2 

~N-(~CH,0) .,..1- (CH2qt,)-~ 
Intermediate 3 

rntermediate 4 

HOOC-CH=:CH-D-NH-{CH2CH20) n-t-(CH2CH2) -NH-~-CH=CH-COOH 
-

o-c2-malei~idoethyll-01 -methyl-nolyethvlene glycol 

~~ ( CIIzC!IzOl .,..1- ( CllzCH,) -~ 
EXAHPLE XIII: IN VIVO RESULTS FOR c105 30kDa ~NF 
INKIB~TOR PEG COMPLEXES 

The inhibitory effects of four species of 
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peqylated cl05~JOkDa TNF inhi~i~== species were tested 

in vivo on two differen~ TNF-sti~uleted physiological 
actions. One endpoint was the appea=a~ce of IL-6 in 

the plasma ot mice that were injec~ec intravenously· 
with human recombinant TNF. The second endpoint was an 

increase in the mi~ration of neutrophi1s into the 

peritoneal cavity after the intraperi~~neal 

administration of human recombinant ~'"'F-

Experi~ent one. The intravenous administration 

of clOS J°OkDa TNF inhibitor (PEGz,ooo# PEG:s.soo1 PEGtOwi>OO) 

simultaneously with human recombinant TNF inhibits the 

induction of IL-6 in the plas~a of mice. 
BALB/c female mice veighinq 20 to 23 g were 

used to measure the induction of plasma IL-6 levels by 

hu~an recombinant TNF. In a preliminary experiment, 

the tim~ co_urse. was plotted for the appearan~e IL-6 in 
tb.e plasma atter tb.e intravenous administration vie. the 
tail vein of two doses of human recombinant TNF (Ficr.i.re 
12). ~eak ~L~6 levels occurred at twa hours afte~ 
stimulation with ~ither 10 or 20 ug of.human 

recombinant TNF per·mouse. The lower dose was used in 

subsequent.experiments. 
The potency of c1~5 JOkOa TNF inhibitor PEG2000 

dUltlbbell with·that ~f the unpegylated cl05 30kDa TNF 
'... . . . . .· 

inhibitor was co~pared. Human recombinant TNF was 

injected intravenously a~ a dose of 10 uq per 1!1.0use 
either alone or simultaneously with the TNF inhibitors. 
Four different react.ions of inhibitors to TNF were 

tested (Fic;ure 13). The ratios were calculated based -
on protein content. Three mice were tested at each 

dose. Blood was collected at two hours after the 
intravenous injections. ~L-6 levels were measured by 

ELJ:SA. 

Both the c105 30k0a TNF inhi~itor and cios 
JOkDa TNF inhibitor PEG~0 dumbbell caused nearly 
complete inhibition of !L-6 levels when administered at 
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10:1 and 5:1 ratios of inhibitor to TNF. At ratios o! 

l:l, the clOS JOkDa TNF inhibitor ?EG2:l00 dumbbell 

caused 95% reduction of IL-6 levels s~iliIUl.a~ed by TN~ 

alone, whereas the unpeqylated cios 30.kDa TNF inhibitor 
reduced IL-6 by only abou~ 70%. The =esults of this 
experiment indicate that in the ratios tested, both the 
clOS 30k0a TNF inhibitor and cios JOkDa TNF inhibitor 

PEGiOOO dulllbbel.J. were qood inhibitors of this TNF­

stimula ted physiological parameter. At a ratio of 1:1, 

the cios 30kDa TNF inhibitor PEG2000 dwubbell caused a 
qreater percentaqe inhibition than the unpegylated 
inhibitor. 

Two other species of pegylated c105 30kDa TNF 

inhibitor were tested. The inhibitory effects of cios 
30kDa TNF inhibitor PEG3,SOG dumbbell and clOS 30kOa TNF 

inhibitor PEG10•000 dumbbell were tested on plasma IL-6 
induction. The inhibitors were administered by . 
intravenous injection simultaneously ~ith human 

recombinant TNF at ratios of l:l (c105 JOkOa TNF 

inhi~itor du~bbell: TNF) (Figure 14). Three mice were 
tested in ea~h of the two inhibitor-treated groups. 

Ten mice were injected with TNF alone. Rhen 
administered in ratios of l:l, no detectable IL-6 was 

measured in plaSJna of ~ice injected with either c105 
30kDa TNF inhibitor llEG3,500 dwabbel1 or clOS 30k0a TNF 
inhibitor ?EG10•000 dUlnbbell, whereas a significant IL-6 
response was elicited in the ~ice injected with human 
recombinant TNF alone. 

The resu1ts o~ the two experiments show that 

c105 30k0a TNF inhibitor PEGz.oOO' PEGl.500' and PEG1a.ooo 

dumbbells are good inhibitors of the induction of 

plasma IL-6 by human recombinant TNF when administered 
in a lo~ ratio (l:1) rela~ive to the stimulus. 

--Experiment TYO. The subcutaneous 

administration Of Cl.OS J OkDa TNF inhibitor (PEG3.S~O, 

PEG,0•000 and PEGzo,ooo> simultaneously ~ith the 
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intraperitoneal injection of huma= =ecombinant TNF 

inhibits the mi9ration of neutrophils i~to the 

peritoneal cavity. . 
BALB/c female ~ice weighin~ 20 to 23 q were 

used to measure the ~i9ration of ne~~=cphils into the 

peritoneal cavity after stimulation -~~~ human 

recombinant TNF. The technique usee is that of Kim 

Mcintyre et al. (J. Ex~. Med. vol. 173, pg. 9Ji (1991)) 

and is described in briaf herein. Mice are injected 

with TNF in a volume of o.i ml directly into the 

peritoneal cavity. Four hours .later the mice are 

killed and an ililli\ediate post mortem lavage of the 

peritoneal cavity is performed. Four ml of Hank's 

Balanced Salt Solution (HBS) (calciu~ and magnesium 

free) is injected into the peritoneal cavity. The 

abdomen is gently massaged. The peritoneal fluid is 

recovered by aspiration with needle and syringe. The 

total number of peritoneal cells is counted on a 

Coulter counter. An aliquot of the cellular suspension 

is dried on a slide and stained with Diff-Kwik stain. 

A differential count of the cells is ·made by direct 

microscopic examination. one hun~red cells are 

examined and clas~ified as ei't~er neutrophils, 

lymphocytes, or macrophages. 
In a preliminary experiment, the compe~~ 

ce11u1ar make-up of the lavage fluid after 

intraperitoneal administration of either pyroqen-f:ree 

saline or 7.5 ng human recombinant TNF was compared. 

TNF caused an increase in the·percentaqe of neutrophi1s 

and in the absolute number of neutrophils present in 

the peritoneal lavage fluid. !n saline-treated mice, 

9.4 X 104 neutrophils were recovered in the lavage 

fluid and made up only 2.3% of the total peritoneal 

cells. 1.n TNF (7. S ng} -treated mice, the total number -­

of neutrophils was increa~ed to· 12.9 X 105 ~nd the 

percentage of neutrophils was increased to 19.7%. 

The potency of unp-egyla~ec clOS 30kDa TNF 



-56-

inhibitor with three peqylated species of clOS JOkDa 
TNF inhibitor (PEG3.soo• PEG10•000 and ?~:;2:.cao dumbbells) 
was also co~pared. Keepin9 the TN: s~il:i.ulus constant 
at 7.5 ng per mouse, the inhibitors ~ere tested at 
ratios of 100:1, 10:1, and l:l (clOS 30k0a TNF 
inhibitor species: TNP). The Tatios •ere calculated 
based on protein content. The mice •ere injected 
subcutaneously with the cl05 JOkDa TN? inhibitor 
simultaneous to the intraperitoneal administration of 
TNF. Six mice were tested in each dose group. Four 
hours later the peritoneal lavaqe fluid was collected 
and analyz~d. Values shown in Fiqure 15 are the 
percenta~e neutrophils in the peritoneal lavage fluid. 
The lowest ratio at which the unpeqylated cl05 30k0a 
TNF inhibitor and clOS 30k0a TNF inhibitor PEGJ.500 

dumbbell siqnificantiy inhibited neu1;rophil migration 
is 100: l. The cl05 JOkDa TNF inhibitor PEG10, 000 and 
PEG20 ,000 dumbbells sig~it;~can1;ly inhioited neutrophil 
migration at a ·ratio of. ·10: i .. 

The results of this ·expex::.iiuent show that cl.OS . . 

JOkOa "l'NF inhibitor PE~.500·, PEG10•000 and PEGzo,ooo 
dumbbells are good inhibitors o! the TNF-stimulated 
neutrophilic migration into th~ peritoneal cavi"Cy. The 
clOS 30kDa TN~ inhibitors ?EG10•000 and PEGio.ooo dUlilbbells 
were more potent than the unpegylated cl05 30kDa TNF . . . . 
inhibitor and the clOS JOkDa TNF inhibitor PE~ 500 • . 

. 
EXAMPLE XIV: PREPARATION AND BIOAC'l'IVI:'l'Y OF cl.OS 30kDa 
~NF INHrBrTOR PEG DB 

synthesis 
Recombinant clOS JOkDa TNF inhibitor 2-3 mg/ml is 
treated with a 4-fold ~olar excess of OTT for 2 hrs at 
ambient temperature. The TN~ inhibitor is then 
dialyz~d agaipst de-gassed SOmM HEPES, pH 7.0, fo!:._3 
hrs at 4:c. To create the PEG-linked dumbbell, the TNF 
inhibitor is reacted with different molar ratios of th·e 
bis-maleitnido PEG in 50 mM HEPES pH 7.0. TNF inhibitor 
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is reacted with an ecr~imolar ra~i~ o= bis-maleimido 

PEG. The reactions are incubatec =er 3-12 hrs at 

ambient temperature. After incuba~ion, the PEG-linked 

TNF inhibitor dumbbell is purified fr01:t un-PEGylated 
and sin9ly-PEGylated TNF inhibitor ~sing MONO-S FPLC in 
so mM HOAc, pH 4.0~ ~sing a 26a m..~, Jio mM and JSO JtlM 

NaCl step-gradient. The PEG-linkee T~::" inhibitor 

dumbbell elutes at "Che 310 1ilM NaCl ste:p. Any.remaining 
unPEGylated TNF inhibitor is removed. by chro~atoqraphy 
on superd.ex75. 

STEPWISE REAGENT ADDITION: 
After D'l'T treatment and dialysis into so mM 

HEPES pH 7.0 1 an equi~olar amount of bis-maleiltl.do PEG 

is added, after 1~5 hrs incubation another equi~olar 
amount of bis-malei~ide PEG is added. This is 

incubated for 1.5 ho~rs- This· leads to an opti~ized 
level of PEG-linked dumbbell formation. Then a 2-fold 
exqess of ~EG rea,gent is added, giving a final ?:::G~.r 

inh~bitor rati.o of 4:1. This is incubated for 2 hrs 
and the mixture is dialvzed into SO mM acetate ~E 4.0 . . -
for ~ono-s chromatography. This yields a mixture which 
is primarily PEG-1i"ked dimer and singly PEGylated TNF 
inhibitor. Th~s allow for more efficient puritication 
of _PEG-linked dumb~e~l as there is a greater separation 

~etween singly P~Gylated .TNF inhibitor and dwnbbell 

"tjlan dumbb~ll and unPEGylated TNF inhibitor. 

This procedure optimized dumbbell formation, 

and allowed for more. efficient purification. 

STEP REACTION: 

After OTT treatment and dialysis into so mM 

HEPES pH 7.0 an a-fold molar excess of bis-maleimido 
PEG is added. This is incubatsd for 2 hrs at ambient-­
temperature~ This conver~s essen~ially all the TNF 
inhibitor to sinsly-?EGylated form. The sinqly­

PEGy1ated TNF inhibitor is separated from PEG reaqent 
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and any remaininq unreacted ~~: in!libitor using MONO-S 
HPLC in 50 mM acetate pH 4.0 with a NaCl gradient. The 

sinqly-PEGylated material is diafiltered into so tnM 

HEPES, pH 7.0, and concentrated to 2-4 ~q/ml. DTT 

treated TNF inhibitor is then adde~ ~Q allow fQriaation .. 
of PEG-linked dulnbbell. After·2 n=s, 't;he PEG-linked 

dumbbell is p~rified us~~9 Mono-s EP!..C. This method 

may be used to form a PEG-linked heterodumbbell by 

adding a second, distinct protein co~pound. 
This procedure optimizes dumbbell formation ana 

can be used for the formation of heterodumbbell 
co·m.pounds. However, this procedure is somewhat labor 
and ti~e intensive. 

Bioactivity of PEG-iinked TNF inhibitor pumbbells 

The ability of clOS 30kDa TNF inhibitor dumbbe1ls to 

inhibit the cytotoxicity of TNFa in the murine L929 

cell cytotoxicity assay was measured. This has allowed 

for the determination of an ED50 for these molecules. 
They are as follows: 

Wild Type rTNF inhibitor 
BMH-linked dumbbells 
l.90.0 MW PEG-dumbbells 
3500 NW PEG-dumbbells 
lO~ooo MW·~EG-dumbbells 
20,000 MW PEG-dumbbells 

220 nq/m.l 
220 
4. J. 
4.8 
4.6 
4.2 

ng/ml 
ng/ml 
nq/ml 
ng/Inl 
ng/llll 

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

L929 bio-assay. 'l'he ED50 values against TNF/J are as 
follows: 

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

70 l"g/ml 
so nq/ml 
22 nq/ml 
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EXAMPLE XV: PHARJO.COKINETICS OF ?EG-Y-,eA~D 30kDa TNF 
:CNHI:Bi.TOR 

1. Intravenous nhannacokinetics fo~ ~ecrylated 30kDa 

TNF inhibitor 

The pharmacokinetic charact~ of several 

pegylated 30k0a TNF inhibitor molect:les was determined 
following intravenous adm.inistration of the molecules 

to rats. Native or peqylated TNF inhibitor was 

injected as an intravenous bolus dose. serial blood 
samples were·d~awn·from the tail vein and assayed for 
non-peC]Ylated or peqylated TNF inhibitor by enzyme­

linked immunosorb~nt .. assay (ELISA). The resulting 
intravenous plasma TN~ inhibitor concentration vs. ti~e 

profiles (Figure 16) illustrate that pegylation has a 

pronounced influence on the disappearance of TNF 

inhibitor from the plasma after intravenous injection. 
Statistical mom.ent theory (area under the curve [AUCJ 

and area under the first moment curve (AUMCJ) was used 
to interpret the data o~ Figure 16. The data indicate 
that pegylation prolongs the intravenous mean residence 

time of TNF ~nhibitor up to f ifty-fo1d in the rat 

(Table 4). The intravenous mean residence ti~e 
increases as the size of the attached PEG molecu1e 
increases {Table 4). Although.not limited by theory, 
the prolongation of mean residence times may be 
exp1ained based on conven~ional pharma.cokinetic theory 
which states that the intravenous mean residence tilne 
for a dru9 is inversely related to the plasma clearance 
for the drug and directly related to the apparent 

volume of distribution for the druqr Pharmacokinetic 

ana1ysis of the disappearance of peqylated TNF 

inhibitor's from the plasma ind~cates that t~e 
pro1onqation_of half-lives is inversely related to a 
decreased plasma clearance for t:he pegyl.ated molecures·, 

compared to non-pegyla~ed TNF inhibitor (Table 4). The 
deer.ease in plasma clearance is consistent with an 
anticipated size-related decrease in ~lomerular 
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filtration o! the pecnrla~ed ~olecules by the kidneys. 

Because of the probable quali~aeive sinilarity between 

rats and humans in plasma clearance mechanisms for TNF 

inhibitor, it is apparent that pecr/lation will 

similarly improve the pharmacokinetic properties of TNF 

inhibitor in humans. 

z. Subcutaneous nharmacokinetics for ~egylated 30kDa 

TNF inhibitor 
.... 

Absorption pharmacokinetics of pe.gylated TNF 

inhibitor have been characterized followinq 

subcutaneous injection of the molecules to rats. 

serial blood samples were drawn from the tail vein and 

assayed for non-peqylated or pegylated TNF inhibitor 

concentration vs. time curves and are plotted in Figure 

17. ~he subcutaneous pharmacokinetic data (~able 4) 

reveal variable systemic availability for the pegylated 

molecules, related to the size of the PEG, and rel.ated 

to sUbe.ut~neous injection in non-optimized 

for:m.ulations. Table 4 also reveals a positive 

inf.luence of . p~gylati~n. on the mean residence time for 

subcutaneous_ly injected TNF inhibitor. As the size of 

the PEG is increased, the mean residence time is 

genera1ly i~creased. Whi1e not limited by theory, this 

increase is likely tne result of size-related slower 

absorption through the l}'il'lp~atic circulation (1.onqer 

mean absorption times} as well as delayed cLearance 

o~ce the pegylated molecule reaches the plasma. This 

prolonqation is profound and will improve the 

phartnacokinetic character of subcutaneous TNF inhibitor 

in humans. 

EX.AMPLE xvr. SOLUBILITY OF PEGYLATED PRO'fE~NS 

IL-1ra 
Res~lts of a solubility study are Sh.own in 

Figure 18. Solubility curves are shown for three 

different preparations of IL-1ra, and c84 rL-ira 
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PEGssoo. The experiments were prefc~ed at 37• c in a 

microliter plate with all proteins a~ 160 lilCJ/ml. The 
p1ate was sealed witn a cover and ~en read in a plate 
reader at 405 nm at various time ~eints. An increase 

in absorbance is an indication of protei~ 
precipitation. There is clearly a dec=ease in the 

amount of protein felling- out of scl.ution for the 

PEGylated sample rela~ive to native !L-1ra. 
30kDa TNF inhibitor 

Native JOkOa TNF inhibitor cannot be 
concentrated to more than 5 mg/ml. Fo~lowinq 

PEGylation, the solubility was increased at least S 

fol.d .. 

EXAMPLE XVII: PREPARJ).~ION OF IL-2 rNRrBITOR 
HETERODUMBBELL 

A PEG-linked heterodumbbell may be formed by 
!irst pegy1ating IL-2ra in the presence of an excess of 
bis-malei~ido PEG. The singly peqyl~ted IL-2r~ may be 
purified and. ;t_L-2r,6 ~d~e~ to react with the remaining 
reactive 11\aleimide.grotip.to form the heterodimer. 

Potential sites for PEGy1ation of I1-2ra 
include both the amino and carboxyl terminal residues, 

the two N-linked glycosylaeion sites, as well as the 
native free cysteine residue in the molecule. cysteine 
residue l.92 in the so1uble extrace1lu:tar dor.ia.in cf ..L~-
2ra h~s Deen ide~tified as being uninvolved in 
disu1fide bonding. (Miedel et al. BBRC, vo1. 154, pg. 

372 (1988)). This cysteine residue lies in an epitope 
of an anti-IL-2ra monoclonal antibody that does not 
affect IL-2 binding to IL-2r~ (Lorenzo et al. ;!.:.. 

Immunology, vol. 147, pg. 297~ (1991)). This indicates 

this residue_is a likely candidate for PEGylation 
without affecting the activity of XL-2ra. 

'For IL-2rp, the potential sites include poth 
the amino and carboxyl teriaini, the 4 N-iinked 

qlycosylation sites and a region (a.a. #lOS-118) that 
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is similar to a re~ion of bioloqical significance in 
the murine erythropoietin receptor (Yoshimura, Lon911lore 
and Lodish, Natu~e, 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 p~operties in the 
heterodumbbell molecule. 

EXAMPLE XVXXI: PREPARAT+ON OF HETERODUMBBELLS W:S:ICH 
XNBIBXT THE CLASSICAL PATHWAY OP COMPLEMENT SYS'l'EM 

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 CR1 (complement receptor l). The soluble form 
of CRl has been exaruined in in vivo models of diseases. 
The complement inhibitor inhibits post-ischeni.ic 
myocardial inflammation and necrosi~ (Weisman et al. 
Science, vol. 149, pg. 145-151, ~990), reversed passive 
arthus reaction (Yet et al. J'. I_tnmunology, vol. 146, 
PS• 250-256°(1991)), ~nd allograft rejection (Pruitt~ 
Al· J. Surgical Research, ~ol. 50, PP* JS0-355 (1991)). 

The soluble CRl binds to C3b and C4b. It . consists of 30 snort consensus repeat sequences (SCR). 
Most of SCR contain one possible glycosylation site and 
four cysteines. All of the cysteines are likely be to 
involved in disulfide bonding. SCRs l-4 are found tQ 
be involved in_C~b binding. T""wo separate portions of 
CRl, SCRs a-11 and SCRs 15-lS, are involved in C3b 
bindinq (Klickstein Qt al. J. Exo. Med., .vol. 168, pp. 
1699-1717 {198S); Kalli et al. J. £xp. Med. vol. 174, 
pp. 1451-1460 (1991}). According to this invention, it 
is possible to produce a heterodum]:)oell which contains 
the C4b binding domain and_ the CJb binding domain of 
CRl..~ 

....... 
The SCRs which contain C4b binding and C3b 

binding domains of CRl may be cloned using PCR. These 
SCRs will be SCRs l through 5 (C4b binding) and SCRs 6 
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throuqh 12 (C3b binding). The qe~es encoding these 

SCRs may be cloned in ~- coli exp=es.s~on vector. The 
E. co1i expressed-proteins may be =efolded and 
purified. The success of refolding can be analyzed by 

the capacity to bind polyClb or polyc~b. rn vitro 

~utagenesis of these qenes may. be ce=ried out to 
substitute native aNino acid residues to cvsteine. .. - .. . . .. 
These cysteines may then be used to link the PEG 
mol"ecule. Possible sites for PEGylation wi11 be the 
glycosylation site or carboxyl ter.ninal residue of SCR 
S and SCR i2. The C~b binding and CJb bindin9 domains 

which contain an extra cysteine to the carboxyl 
terminal residue could be constructed and used for 

linking PEG molecule. The PEG linked heterodUlilbbell 
may be produced by the two step process of Example XIV. 

Purification may be carried out by ion-exchange 

chrontatoqraphy. 

EXAM.PLE XXX: SYNTlJ:ESIS OP AN IL-1ra BISCMALE~MIDEl-
PLA'l'ELET . DER+yEp · GROW'Tl£.· FACTOR. PEPTIDE PEG 
HE"l'EROOUMBBELL. . 

The platelet deriv~d qrowth factor (~OGF) 

peptide YGRPRESGKKRKRKRLKPT is described in Khachigian, 
L. et al. J. l}iol. Chern., vol,. 267, pg. 1660-1666 
(1991). A terminal c was added to permit couplin~ to 
the in.aleimide. 

The heterodu1Dbbe1l vas synthesized in tvo 
steps. In the first s~ep, i.6 nanomoles or rL-1~ 
suspended in 3 ~l of 0.05 M Hepes buffer, pH 7.5, was 

mixed with 6.4 nanomoles of bis-malei~ido PEG1900 

dissolved in ii µl of the sa~e buffer. This reaction .. •· .•: . .. . . 

was carried out for 30 min at 2o·c. In the second 
step, 32 nanomoles of the PDGF peptide dissolved in 4 
µl of o.-2- M sodium phosphate buffer, pH 7.0, was-added 

to the.products of the first reaction. The reaction 
was allowed to proceed for l hr at 2o·c. The reaction 
was then terminated by the addition of an equal voi\llue 
of sos-PAGE sample buffer con~aininq JO µmoles of 2-
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mercaptoethanol. 
samples of the produc~s of the first step of 

the reaction and the produe~s of the complete two-step 

reaction,.as well ~s appropriate molecular weiqht 

~arkers, were separated by sos-PAGE on a 15% 
polyacrylamide qel which was ~hen stained. with 
coomassie Blue. The two-step reaction gave an 
addition~l band consistent with the predicted size of 
the heterodumbbell. Approximately 33% of the starting 
~L-lra was converted to heterodumbbell ~y the two-step 

reaction~ 

The products of the first step of the reaction 

can be isolated by cation exchanqe chromatography on 

the resin s-sepharose. The heterodimer may be isolated 
by cation exchan9e chromatography due to the abundance 
of basic amino acids in the peptide. 

It is to be understood that the applieation of 
the teachings o·f the present inventi.on to a specific 

expression system or ~eqylation reagent will De witb.i.n 

the capabilities ~f one havin9 ordinary ski.11 in the 
art in liqht of the teachin~s contained herein. Thus, 
it. w~ll J:>e a,pparent t.o those of ordinary skill in t:he 
art that various modifications and variations can be 

mad~ 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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We claim: 

1. IL-1 receptor antagonist wherein cysteine residue 116 is covalently attached to a 

non-peptidic polymer. 

2. A mutein of polypeptide, modified to contain at least one non-native cysteine 

residue, wherein said polypeptide is selected from: 

IL-I receptor antagonist, and said non-native cysteine preferably is found at 

amino acid residue site 0, 6, 8, 9, 84 orl41 and the cysteine at position 116 

is replaced with another amino acid; or 

30 k.Da TNF inhibitor, and said non-native cysteine preferably is found at amino 

acid residue site I, 14, 105, 111 or 161; and 

wherein said non-native cysteine of said mutein is optionally covalently attached to a 

non-peptidic polymer, said non-peptidic polymer being selected from polyethylene 

glycol, polypropylene glycol, polyoxyethylated glycerol, dextran, colonic acids, poly 

6-amino acids or carbohydrate polymers. 

3. A method for the preparation of a polypeptide comprised of: 

altering the gene coding for said polypeptide by site-directed mutagenesis to 

create a gene coding for a mutein of said polypeptide containing at least one 

non-native cysteine residue; 

expressing said altered gene in a bacterial expression system; 

purifying said expressed mutein; 
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refolding said mutein in the presence of a sulfhydryl-containing compound; 

reducing said refolded mutein with a mild reducing agent to free said non-

native cysteine; and 

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

group that is sulfhydryl specific. 


