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CONJUGATES OF AN IL-2 MOIETY AND A POLYMER

[0001]

FIELD OF THE INVENTION
[0002] Among other things, one or more embodiments of the present invention relate
generally to conjugates comprising an IL-2 moiety (i.e., a moiety having at least some activity
similar to human IL-2) and a polymer. In addition, the invention relates to (among other
things) compositions comprising conjugates, methods for synthesizing conjugates, and methods

of administering a composition.

BACKGROUND OF THE INVENTION
[0003] In healthy humans, the immune system can differentiate between healthy cells
and cancerous cells. Upon identifying a given cell as cancerous, the immune system typically
eliminates it. Thus, when the immune system breaks down or is overwhelmed, cancers can
develop resulting from a compromised immune system's inability to differentiate, and then
eliminate, cancer cells. In a patient suffering from cancer, administration of an
immunomodulatory protein to the patient may help return (at least in part) that patient's
immune system back to normal so that her immune system's ability to eliminate cancer cells

returns. In this way, the cancer may be slowed or even eliminated.

[0004] One such immunomodulatory protein used in the treatment of paticnts suffering
from certain cancers is interleukin-2, Interleukin-2 (IL-2) is a naturally occurring cytokine that
has activity as both a stimulator of natural killer cells (NK cells) and as an inducer of T-cell
proliferation. In unglycosylated form, IL-2 has a molecular weight of about 15,300 Daltons
(although IL-2 is found in vivo in variably glycosylated forms).

[0005] A commercially available unglycosylated human recombinant IL-2 product,

aldesleukin (available as the PROLEUKIN® brand of des-alanyl-1, serine-125 human
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interleukin-2 from Prometheus Laboratories Inc., San Diego CA), has been approved for
administration to patients suffering from metastatic renal cell carcinoma and metastatic
melanoma. IL-2 has also been suggested for administration in patients suffering from or
infected with hepatitis C virus (HCV), human immunodeficiency virus (HIV), acute myeloid
leukemia, non-Hodgkin's lymphoma, cutaneous T-cell lymphoma, juvenile rheumatoid

arthritis, atopic dermatitis, breast cancer and bladder cancer.

[0006] Even recommended doses of aldesleukin, however, can cause severe side
effects, including capillary leak syndrome (CLS) and impaired neutrophil function, In view of
the potential for these severe side effects, and because the recommended treatment cycle
involves intravenous infusion over fifteen minutes every eight hours for fourteen doses,
administration of aldesleukin occurs within a clinical setting. Moreover, the commercial
formulation of aldesleukin includes the presence of sodium dodecyl sulfate, a substance that
appears to be required to maintain optimal activity through conformational stability. See

Arakawa et al. (1994) Int. J. Peptide Protein Res. 43.583-587.

[0007] Attempts at addressing the toxicity concerns of IL-2 have been tried. In one
approach, formulation approaches have been attempted. See, for example, U.S. Patent No.
6,706,289 and international patent application publication WO 02/00243 and WO 99/60128.
In other approaches, certain conjugates of IL-2 have been suggested. See, for example, U.S.

Patent Nos. 4,766,106, 5,206,344, 5,089,261 and 4902,502.

[0008] Notwithstanding these approaches, however, there remains a need for
conjugates of IL-2. Among other things, one or more embodiments of the present invention is
therefore directed to such conjugates as well as compositions comprising the conjugates and
related methods as described herein, which are believed to be new and completely unsuggested

by the art.

SUMMARY OF THE INVENTION

[0009] Accordingly, in one or more embodiments of the invention, a conjugate is
provided, the conjugate comprising a residue of an IL-2 moiety covalently attached to a

water-soluble polymer.

[0010] In one or more embodiments of the invention, a conjugate is provided, the

conjugate comprising a residue of an [L-2 moiety covalently attached to a water-soluble
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polymer, wherein the residue of the IL-2 moiety is covalently attached to the water-soluble

polymer via a releasable linkage.

[0011] In one or more embodiments of the invention, a conjugate is provided, the
conjugate comprising a residue of an IL-2 moiety covalently attached to a water-soluble

polymer, wherein the IL-2 moiety is a precursor IL-2 moiety.

[0012] In one or more embodiments of the invention, a conjugate is provided, the
conjugate comprising a residue of an IL-2 moiety covalently attached to a water-soluble

polymer, wherein the IL-2 moiety is a non-precursor IL-2 moiety.

[0013] In one or more embodiments of the invention, a method for delivering a
conjugate is provided, the method comprising the step of subcutaneously administering to a
patient a composition comprised of a conjugate of a residue of an IL-2 and a water-soluble

polymer.

[0014] In one or more embodiments of the invention, an isolated nucleic acid molecule
is provided, the isolated nucleic acid molecule encoding an IL-2 moiety, wherein said nucleic
acid molecule includes a sequence having substantial (e.g., at least 80%) sequence identify to

the sequence set forth in SEQ ID NO: 5.

[0015] In one or more embodiments of the invention, an expression vector is provided,
the expression vector (e.g., an in vifro expression vector) comprising a nucleic acid molecule

provided herein.

[0016] In one or more embodiments of the invention, a host cell is provided, the host

cell (e.g., an in vitro host cell) comprising an expression vector as provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 provides the DNA sequence and resulting amino acid sequence of a gene

further described in Example 1.

[0018] FIG. 2.1 is a representation of a typical chromatogram following cation
exchange chromatography of [mPEG2-C2-finoc-20K]-[rIL-2] prepared following the procedure
set forth in Example 2.

[0019] FIG. 2.2 is a representation of a chromatogram following reverse phase HPLC
analysis of [mPEG2-C2-fmoc-20K]-[rIL-2], as further described in Example 2.

-3
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[0020] FIG. 2.3 is a plot of the release profile of various conjugates prepared in

accordance with the procedure set forth in Example 2.

[0021] FIG. 3.1 is a representation of a typical chromatogram following cation
exchange chromatography of [mPEG2-CAC-fmoc-20K]-[rIL-2] prepared following the

procedures set forth in Example 3.

[0022] FIG. 3.2 is a representation of a chromatogram following reverse phase HPLC
analysis of [mPEG2-CAC-fmoc-20K]-[rIL-2], as further described in Example 3.

[0023] FIG. 3.3 is a representation of the results following MALDI-TOF analysis of the

various conjugates prepared in accordance with the procedures set forth in Example 3.

[0024] FIG. 4.1 is a representation of a typical chromatogram following cation
exchange chromatography of [mPEG2-ru-20K]-[rIL-2] prepared following the procedures set
forth in Example 4.

[0025] FIG. 4.2 is a representation of a chromatogram following reverse phase HPLC
analysis of [MPEG2-ru-20K]-[rIL-2], as further described in Example 4.

[0026] FIG. 5 is a representation of a chromatogram following cation exchange

chromatography of [mPEG2-ru-40K]-[rIL-2], as further described in Example 5.

[0027] FIG. 6 is a representation of a chromatogram following cation exchange

chromatography of [mPEG2-ru-4K]-[rlL-2], as further described in Example 6.

[0028] FIG. 7 shows a plot of the proliferation of CTLL-2 cells in response to
aldesleukin and stable [mPEG2-ru-20K]-[rIL-2], as further described in Example 11. Data
points are means of one experiment in triplicate determinations. Error bars represent standard

error of the mean.

[0029] FIG. 8 shows a plot of the proliferation of CTLL-2 cells in response to
aldesleukin, released and unreleased [mPEG2-C2-fmoc-20K]-[rIL-2] and [mPEG2-CAC-fimoc-
20K ]-[rIL-2], as further described in Example 11. Data points are means of one experiment in

triplicate determinations. Error bars represent standard error of the mean.

[0030] FIG. 9 shows a plot of the concentration-time curves following a single

injection in mice, as further described in Example 12

[0031] FIG. 10 shows a plot of total lesion area (mm?) for several test compounds as

further described in Example 13.
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[0032] FIG. 11A and FIG. 11B are plots showing time to tumor progression curves for

tested articles at various administration schemes, as further described in Example 14.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Before describing one or more embodiments of the present invention in detail, it
is to be understood that this invention is not limited to the particular polymers, synthetic

techniques, IL-2 moieties, and the like, as such may vary.

[0034] It must be noted that, as used in this specification and the intended claims, the
singular forms "a," "an," and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "a polymer" includes a single polymer as well as
two or more of the same or different polymers, reference to "an optional excipient” refers to a
single optional excipient as well as two or more of the same or different optional excipients,

and the like.

[0035] In describing and claiming one or more embodiments of the present invention,

the following terminology will be used in accordance with the definitions described below.

[0036] "PEG," "polyethylene glycol" and "poly(ethylene glycol)" as used herein, are
interchangeable and encompass any nonpeptidic water-soluble poly(ethylene oxide). Typically,
PEGs for use in accordance with the invention comprise the following structure
".(OCH,CHy),-" where (n) is 2 to 4000. As used herein, PEG also includes

" CH,CH,-O(CH,CH,0),-CH,CH,-" and "-(OCH,CH>),O-," depending upon whether or not
the terminal oxygens have been displaced, e.g., during a synthetic transformation. Throughout
the specification and claims, it should be remembered that the term "PEG" includes structures
having various terminal or "end capping” groups and so forth. The term "PEG" also means a
polymer that contains a majority, that is to say, greater than 50%, of -OCH,CH,- repeating
subunits. With respect to specific forms, the PEG can take any number of a variety of
molecular weights, as well as structures or geometries such as "branched," "linear," "forked,"

"multifunctional,” and the like, to be described in greater detail below.

[0037] The terms "end-capped" and "terminally capped" are interchangeably used
herein to refer to a terminal or endpoint of a polymer having an end-capping moiety. Typically,
although not necessarily, the end-capping moiety comprises a hydroxy or C) 5 alkoxy group,
more preferably a C,_1o alkoxy group, and still more preferably a Cy.s alkoxy group. Thus,

examples of end-capping moieties include alkoxy (e.g., methoxy, ethoxy and benzyloxy), as
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well as aryl, heteroaryl, cyclo, heterocyclo, and the like. It must be remembered that the
end-capping moiety may include one or more atoms of the terminal monomer in the polymer
[e.g., the end-capping moiety "methoxy" in CH3O(CHyCH0),- and CH3(OCH;CHz)s-]. In
addition, saturated, unsaturated, substituted and unsubstituted forms of each of the foregoing
are envisioned. Moreover, the end-capping group can also be a silane. The end-capping group
can also advantagcously comprise a detectable label. When the polymer has an end-capping
group comprising a detectable label, the amount or location of the polymer and/or the moiety
(e.g., active agent) to which the polymer is coupled can be determined by using a suitable
detector. Such labels include, without limitation, fluorescers, chemiluminescers, moieties used
in enzyme labeling, colorimetric (e.g., dyes), metal ions, radioactive moieties, and the like.
Suitable detectors include photometers, films, spectrometers, and the like. The end-capping
group can also advantageously comprise a phospholipid. When the polymer has an
end-capping group comprising a phospholipid, unique properties are imparted to the polymer
and the resulting conjugate. Exemplary phospholipids include, without limitation, those
selected from the class of phospholipids called phosphatidylcholines. Specific phospholipids
include, without limitation, those selected from the group consisting of
dilauroylphosphatidylcholine, dioleylphosphatidylcholine, dipalmitoylphosphatidylcholine,
disteroylphosphatidylcholine, behenoylphosphatidylcholine, arachidoylphosphatidylcholine,
and lecithin. The end-capping group may also include a targeting moiety, such that the
polymer - as well as anything, e.g., an IL-2 moiety, attached thereto -- can preferentially

localize 1n an arca of interest.

[0038] "Non-naturally occurring" with respect to a polymer as described herein, means
a polymer that in its entirety is not found in nature. A non-naturally occurring polymer may,
however, contain one or more monomers or segments of monomers that are naturally

occurring, so long as the overall polymer structure is not found in nature.

[0039] The term "water soluble" as in a "water-soluble polymer" polymer is any
polymer that is soluble in water at room temperature. Typically, a water-soluble polymer will
transmit at least about 75%, more preferably at least about 95%, of light transmitted by the
same solution after filtering. On a weight basis, a water-soluble polymer will preferably be at
least about 35% (by weight) soluble in water, more preferably at least about 50% (by weight)
soluble in water, still more preferably about 70% (by weight) soluble in water, and still more

preferably about 85% (by weight) soluble in water. It is most preferred, however, that the
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water-soluble polymer is about 95% (by weight) soluble in water or completely soluble in

water.

[0040] Molecular weight in the context of a water-soluble polymer, such as PEG, can
be expressed as either a number average molecular weight or a weight average molecular
weight. Unless otherwise indicated, all references to molecular weight herein refer to the
weight average molecular weight. Both molecular weight determinations, number average and
weight average, can be measured using gel permeation chromatography or other liquid
chromatography techniques. Other methods for measuring molecular weight values can also be
used, such as the use of end-group analysis or the measurement of colligative properties (e.g.,
freezing-point depression, boiling-point elevation, or osmotic pressure) to determine number
average molecular weight or the use of light scattering techniques, ultracentrifugation or
viscometry to determine weight average molecular weight. The polymers of the invention are
typically polydisperse (i.e., number average molecular weight and weight average molecular
weight of the polymers are not equal), possessing low polydispersity values of preferably less
than about 1.2, more preferably less than about 1.15, still more preferably less than about 1.10,
yet still more preferably less than about 1.05, and most preferably less than about 1.03.

[0041] The terms "active," "reactive" or "activated” when used in conjunction with a
particular functional group, refers to a reactive functional group that reacts readily with an
electrophile or a nucleophile on another molecule. This is in contrast to those groups that
require strong catalysts or highly impractical reaction conditions in order to react (i.e., a "non-

reactive" or "inert" group).

[0042] As used herein, the term "functional group" or any synonym thereof is meant to

encompass protected forms thereof as well as unprotected forms.

[0043] The terms "spacer moiety," "linkage" and "linker" are used herein to refer to a
bond or an atom or a collection of atoms optionally used to link interconnecting moieties such
as a terminus of a polymer segment and an IL-2 moiety or an electrophile or nucleophile of an
IL-2 moiety. The spacer moiety may be hydrolytically stable or may include a physiologically
hydrolyzable or enzymatically degradable linkage. Unless the context clearly dictates
otherwise, a spacer moiety optionally exists between any two elements of a compound (e.g., the
provided conjugates comprising a residue of IL-2 moiety and water-soluble polymer can be

attached directly or indirectly through a spacer moiety).
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[0044] "Alkyl" refers to a hydrocarbon chain, typically ranging from about 1 to 15
atoms in length. Such hydrocarbon chains are preferably but not necessarily saturated and may
be branched or straight chain, although typically straight chain is preferred. Exemplary alkyl
groups include methyl, ethyl, propyl, butyl, pentyl, 1-methylbutyl, 1-ethylpropyl,
3-methylpentyl, and the like. As used herein, "alkyl" includes cycloalkyl as well as

cycloalkylene-containing alkyl.

[0045] "Lower alkyl" refers to an alkyl group containing from 1 to 6 carbon atoms, and

may be straight chain or branched, as exemplified by methyl, ethyl, n-butyl, i-butyl, and t-butyl.

[0046] "Cycloalkyl" refers to a saturated or unsaturated cyclic hydrocarbon chain,
including bridged, fused, or spiro cyclic compounds, preferably made up of 3 to about 12
carbon atoms, more preferably 3 to about 8 carbon atoms. "Cycloalkylene" refers to a
cycloalkyl group that is inserted into an alkyl chain by bonding of the chain at any two carbons

in the cyclic ring system.

[0047] "Alkoxy" refers to an -OR group, wherein R is alkyl or substituted alkyl,
preferably C; ¢ alkyl (e.g., methoxy, ethoxy, propyloxy, and so forth).

[0048] The term "substituted" as in, for example, "substituted alkyl," refers to a moiety
(e.g., an alkyl group) substituted with one or more noninterfering substituents, such as, but not
limited to: alkyl, Cs.g cycloalkyl, e.g., cyclopropyl, cyclobutyl, and the like; halo, e.g., fluoro,
chloro, bromo, and iodo; cyano; alkoxy, lower phenyl; substituted phenyl; and the like.
"Substituted aryl" is aryl having one or more noninterfering groups as a substituent. For
substitutions on a phenyl ring, the substituents may be in any orientation (i.e., ortho, meta, or
para).

[0049] "Noninterfering substituents” are those groups that, when present in a molecule,

are typically nonreactive with other functional groups contained within the molecule.

[0050] "Aryl" means one or more aromatic rings, each of 5 or 6 core carbon atoms.
Aryl includes multiple aryl rings that may be fused, as in naphthyl or unfused, as in biphenyl.
Aryl rings may also be fused or unfused with one or more cyclic hydrocarbon, heteroaryl, or

heterocyclic rings. As used herein, "aryl" includes heteroaryl.

[0051] "Heteroaryl" is an aryl group containing from one to four heteroatoms,
preferably sulfur, oxygen, or nitrogen, or a combination thereof. Heteroaryl rings may also be

fused with one or more cyclic hydrocarbon, heterocyclic, aryl, or heteroaryl rings.
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[0052] "Heterocycle" or "heterocyclic" means one or more rings of 5-12 atoms,
preferably 5-7 atoms, with or without unsaturation or aromatic character and having at least one

ring atom that is not a carbon. Preferred heteroatoms include sulfur, oxygen, and nitrogen.

[0053]) "Substituted heteroaryl" is heteroaryl having one or more noninterfering groups

as substituents.

[0054] "Substituted heterocycle" is a heterocycle having one or more side chains

formed from noninterfering substituents.

[0055] An "organic radical" as used herein shall include akyl, substituted alkyl, aryl,
and substituted aryl.

[0056] "Electrophile" and "electrophilic group" refer to an ion or atom or collection of
atoms, which may be ionic, having an electrophilic center, i.e., a center that is electron secking,

capable of reacting with a nucleophile.

[0057] "Nucleophile" and "nucleophilic group" refers to an ion or atom or collection of
atoms that may be ionic having a nucleophilic center, i.e., a center that is secking an

electrophilic center or with an electrophile.

[0058] A "physiologically cleavable" or "hydrolyzable" or "degradable” bond is a bond
that reacts with water (i.e., is hydrolyzed) under physiological conditions. The tendency of a
bond to hydrolyze in water will depend not only on the general type of linkage connecting two
central atoms but also on the substituents attached to these central atoms. Appropriate
hydrolytically unstable or weak linkages include but are not limited to carboxylate ester,
phosphate ester, anhydrides, acetals, ketals, acyloxyalkyl ether, imines, orthoesters, peptides

and oligonucleotides.

[0059] An "enzymatically degradable linkage" means a linkage that is subject to

degradation by one or more enzymes.

[0060] A "hydrolytically stable" linkage or bond refers to a chemical bond, typically a
covalent bond, which is substantially stable in water, that is to say, does not undergo hydrolysis
under physiological conditions to any appreciable extent over an extended period of time.
Examples of hydrolytically stable linkages include, but are not limited to, the following:
carbon-carbon bonds (e.g., in aliphatic chains), ethers, amides, urethanes, and the like.

Generally, a hydrolytically stable linkage is one that exhibits a rate of hydrolysis of less than
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about 1-2% per day under physiological conditions. Hydrolysis rates of representative

chemical bonds can be found in most standard chemistry textbooks.

[0061] "Pharmaceutically acceptable excipient or carrier" refers to an excipient that
may optionally be included in the compositions of the invention and that causes no significant
adverse toxicological effects to the patient. "Pharmacologically effective amount,"
"physiologically effective amount,”" and "therapeutically effective amount" are used
interchangeably herein to mean the amount of a polymer-(IL-2) moiety conjugate that is needed
to provide a desired level of the conjugate (or corresponding unconjugated IL-2 moiety) in the
bloodstream or in the target tissue. The precise amount will depend upon numerous factors, e.g.,
the particular IL-2 moiety, the components and physical characteristics of the therapeutic
composition, intended patient population, individual patient considerations, and the like, and can

readily be determined by one skilled in the art, based upon the information provided herein.

[0062] "Multi-functional” means a polymer having three or more functional groups
contained therein, where the functional groups may be the same or different. Multi-functional
polymeric reagents of the invention will typically contain from about 3-100 functional groups,
or from 3-50 functional groups, or from 3-25 functional groups, or from 3-15 functional
groups, or from 3 to 10 functional groups, or will contain 3, 4, 5, 6, 7, 8,9 or 10 functional

groups within the polymer backbone.

[0063] The term "IL-2 moiety," as used herein, refers to a moiety having human IL-2
activity. The IL-2 moiety will also have at least one electrophilic group or nucleophilic group
suitable for reaction with a polymeric reagent. In addition, the term "IL-2 moiety"
encompasses both the IL-2 moiety prior to conjugation as well as the IL-2 moiety residue
following conjugation. As will be explained in further detail below, one of ordinary skill in the
art can determine whether any given moiety has IL-2 activity. Proteins comprising an amino
acid sequence corresponding to any one of SEQ ID NOs: 1 through 4 is an IL-2 moiety, as well
as any protein or polypeptide substantially homologous thereto. As used herein, the term "IL-2
moiety" includes such proteins modified deliberately, as for example, by site directed
mutagenesis or accidentally through mutations. These terms also include analogs having from 1
to 6 additional glycosylation sites, analogs having at least one additional amino acid at the
carboxy terminal end of the protein wherein the additional amino acid(s) includes at least one
glycosylation site, and analogs having an amino acid sequence which includes at least one

glycosylation site. The term includes both natural and recombinantly produced moieties.
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[0064] The term "substantially homologous" means that a particular subject sequence,
for example, a mutant sequence, varies from a reference sequence by one or more substitutions,
deletions, or additions, the net effect of which does not result in an adverse functional
dissimilarity between the reference and subject sequences. For purposes of the present
invention, sequences having greater than 80 percent (more preferably greater than 85 percent,
still more preferably greater than 90 percent, with greater than 95 percent being most preferred)
homology, equivalent biological activity (although not necessarily equivalent strength of
biological activity), and equivalent expression characteristics are considered substantially
homologous. For purposes of determining homology, truncation of the mature sequence should
be disregarded. Exemplary IL-2 moieties for use herein include those sequences that are

substantially homologous SEQ ID NO: 2,

[0065] The term "fragment" means any protein or polypeptide having the amino acid
sequence of a portion or fragment of an IL-2 moiety, and which has the biological activity of
IL-2. Fragments include proteins or polypeptides produced by proteolytic degradation of an
IL-2 moiety as well as proteins or polypeptides produced by chemical synthesis by methods

routine in the art.

[0066] The term "patient,” refers to a living organism suffering from or prone to a
condition that can be prevented or treated by administration of an active agent (e.g., conjugate),

and includes both humans and animals.

[0067] "Optional" or "optionally” means that the subsequently described circumstance
may or may not occur, so that the description includes instances where the circumstance occurs

and instances where it does not.

[0068] "Substantially" means nearly totally or completely, for instance, satisfying one
or more of the following: greater than 50%, 51% or greater, 75% or greater, 80% or greater,
90% or greater, and 95% or greater of the condition.

[0069] As used herein, "sequence identity" is determined by comparing the sequence of
the reference DNA sequence to that portion of another DNA sequence so aligned so as to
maximize overlap between the two sequences while minimizing sequence gaps, wherein any
overhanging sequences between the two sequences are ignored. With respect to any sequence
identity described herein, it is preferred that at least 80%, more preferred, 85%, yet more
preferred 90%, still yet more preferred 95% sequence identity, with 96%, 97%, 98%, and 99%

sequence identities being most preferred.
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[0070] Amino acid residues in peptides are abbreviated as follows: Phenylalanine is
Phe or F; Leucine is Leu or L; Isoleucine is Ile or [; Methionine is Met or M; Valine is Val or
V; Serine is Ser or S; Proline is Pro or P; Threonine is Thr or T; Alanine is Ala or A; Tyrosine
is Tyr or Y; Histidine is His or H; Glutamine is GIn or Q; Asparagine is Asn or N; Lysine is
Lys or K; Aspartic Acid is Asp or D; Glutamic Acid is Glu or E; Cysteine is Cys or C;
Tryptophan is Trp or W; Arginine is Arg or R; and Glycine is Gly or G.

[0071] Turning to one or more embodiments of the invention, a conjugate is provided,
the conjugate comprising a residue of an IL-2 moiety covalently attached (either directly or
through a spacer moiety) to a water-soluble polymer. The conjugates of the invention will have

one or more of the following features.
[0072] The IL-2 Moiety

[0073] As previously stated, the conjugate generically comprises a residue of an IL-2
moiety covalently attached, either directly or through a spacer moiety, to a water-soluble
polymer. As used herein, the term "IL-2 moiety" shall refer to the IL-2 moiety prior to
conjugation as well as to the IL-2 moiety following attachment to a nonpeptidic, water-soluble
polymer. It will be understood, however, that when the original IL-2 moiety is attached to a
nonpeptidic, water-soluble polymer, the IL-2 moiety is slightly altered due to the presence of
one or more covalent bonds associated with linkage to the polymer(s). Often, this slightly
altered form of the IL-2 moiety attached to another molecule is referred to a "residue” of the IL-

2 moiety.

[0074] The IL-2 moiety can be derived from non-recombinant methods and from
recombinant methods and the invention is not limited in this regard. In addition, the IL-2

moiety can be derived from human sources, animal sources, and plant sources.

[0075] The IL-2 moiety can be derived non-recombinantly. For example, it is possible
to isolate IL-2 from biological systems and otherwise obtain IL-2 from cultured media. See, for
example, the procedures described in U.S. Patent No. 4,401,756 and in Pauly et al. (1984) /.
Immunol Methods 75(1):73-84.

[0076] The IL-2 moiety can be derived from recombinant methods. See, for example,

U.S. Patent No. 5,614,185, the disclosure and the Experimental provided herein.

[0077] Any IL-2 moiety obtained non-recombinant and recombinant approaches can be

used as an IL-2 moiety in preparing the conjugates described herein.
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[0078] The IL-2 moiety can be expressed in bacterial [e.g., E. coli, see, for example,
Fischer et al. (1995) Biotechnol. Appl. BioIL-2m. 21(3):295-311], mammalian [see, for
example, Kronman et al. (1992) Gene 121:295-304], yeast [e.g., Pichia pastoris, sce, for
example, Morel et al. (1997) Biochem. J. 328(1):121-129], and plant [see, for example, Mor et
al. (2001) Biotechnol. Bioeng. 75(3):259-266] expression systems. The expression can occur
via exogenous expression (when the host cell naturally contains the desired genetic coding) or

via endogenous expression.

[0079] Although recombinant-based methods for preparing proteins can differ,
recombinant methods typically involve constructing the nucleic acid encoding the desired
polypeptide or fragment, cloning the nucleic acid into an expression vector, transforming a host
cell (e.g., plant, bacteria, yeast, transgenic animal cell, or mammalian cell such as Chinese
hamster ovary cell or baby hamster kidney cell), and expressing the nucleic acid to produce the
desired polypeptide or fragment. Methods for producing and expressing recombinant
polypeptides in vitro and in prokaryotic and eukaryotic host cells are known to those of

ordinary skill in the art.

[0080] To facilitate identification and purification of the recombinant polypeptide,
nucleic acid sequences that encode for an epitope tag or other affinity binding sequence can be
inserted or added in-frame with the coding sequence, thereby producing a fusion protein
comprised of the desired polypeptide and a polypeptide suited for binding. Fusion proteins can
be identified and purified by first running a mixture containing the fusion protein through an
affinity column bearing binding moietics (e.g., antibodies) directed against the epitope tag or
other binding sequence in the fusion proteins, thereby binding the fusion protein within the
column. Thereafter, the fusion protein can be recovered by washing the column with the
appropriate solution (e.g., acid) to release the bound fusion protein. The recombinant
polypeptide can also be purified by lysing the host cells, separating the polypeptide, ¢.g., by
ion-exchange chromatography, affinity binding approaches, hydrophobic interaction
approaches, and thereafter identify by MALDI or western blot, and collecting the polypeptide.
These and other methods for identifying and purifying recombinant polypeptides are known to
those of ordinary skill in the art. In one or more embodiments of the invention, however, the

IL-2 moiety is not in the form of a fusion protein.

[0081] Depending on the system used to express proteins having IL-2 activity, the [L-2
moiety can be unglycosylated or glycosylated and either may be used. That is, the IL-2 moiety
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can be unglycosylated or the IL-2 moiety can be glycosylated. In one or more embodiments of

the invention, the IL-2 moiety is unglycosylated.

[0082] The IL-2 moiety can advantageously be modified to include and/or substitute
one or more amino acid residues such as, for example, lysine, cysteine and/or arginine, in order
to provide facile attachment of the polymer to an atom within the side chain of the amino acid.
An example of substitution of an IL-2 moiety is described in U.S. Patent No. 5,206,344. In
addition, the IL-2 moiety can be modified to include a non-naturally occurring amino acid
residue. Techniques for adding amino acid residues and non-naturally occurring amino acid
residues are well known to those of ordinary skill in the art. Reference is made to J. March,
Advanced Organic IL-2mistry: Reactions Mechanisms and Structure, 4th Ed. (New York:
Wiley-Interscience, 1992).

[0083] In addition, the IL-2 moiety can advantageously be modified to include
attachment of a functional group (other than through addition of a functional group-containing
amino acid residue). For example, the IL-2 moiety can be modified to include a thiol group. In
addition, the IL-2 moiety can be modified to include an N-terminal alpha carbon. In addition,
the IL-2 moiety can be modified to include one or more carbohydrate moieties. In addition, the
IL-2 moiety can be modified to include an aldehyde group. In addition, the IL-2 moiety can be
modified to include a ketone group. In some embodiments of the invention, it is preferred that
the IL-2 moiety is not modified to include one or more of a thiol group, an N-terminal alpha

carbon, carbohydrate, adehyde group and ketone group.

[0084)] Exemplary IL-2 moieties are described in the literature and in, for example, U.S.
Patent Nos. 5,116,943, 5,153,310, 5,635,597, 7,101,965 and 7,567,215 and U.S. Patent
Application Publication Nos. 2010/0036097 and 2004/0175337. Preferred IL-2 moieties
include those having an amino acid sequence comprising sequences selected from the group
consisting of SEQ ID NOs: 1 through 4, and sequences substantially homologous thereto. A
preferred TL-2 moiety has the amino acid sequence corresponding to SEQ ID NO: 3.

[0085] In some instances, the IL-2 moiety will be in a "monomer" form, wherein a
single expression of the corresponding peptide is organized into a discrete unit. In other
instances, the IL-2 moiety will be in the form of a "dimer" (¢.g., a dimer of recombinant IL.-2)
wherein two monomer forms of the protein are associated (e.g., by disulfide bonding) to each

other. For example, in the context of a dimer of recombinant human IL-2, the dimer may be in
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the form of two monomers associated to each other by a disulfide bond formed from each

monomer's Cys125 residue.

[0086] In addition, precursor forms IL-2 can be used as the IL-2 moiety. An exemplary

precursor form of IL-2 has the sequence of SEQ ID NO: 1.

[0087] Truncated versions, hybrid variants, and peptide mimetics of any of the
foregoing scquences can also serve as the IL-2 moiety. Biologically active fragments, deletion
variants, substitution variants or addition variants of any of the foregoing that maintain at least

some degree of IL-2 activity can also serve as an IL-2 moiety.

[0088] For any given peptide or protein moiety, it is possible to determine whether that
moiety has IL-2 activity, Various methods for determining the in vitro IL-2 activity are
described in the art. An exemplary approach is the CTTL-2 cell proliferation assay described
in the experimental below. An exemplary approach is described in Moreau et al. (1995) Mol.
Immunol. 32:1047-1056). Briefly, in a non-specific binding assay, a proposed IL-2 moiety 18
allowed to preincubate for one hour at 4° C in the presence of a cell line bearing a receptor of
IL-2. Thereafter, *I-labelled IL-2 is allowed to incubate in the system for three hours at 4° C.
Data is expressed as % inhibitory capacity of the proposed IL-2 moiety activity versus wild-
type IL-2. Other methodologies known in the art can also be used to assess IL-2 function,

including electrometry, spectrophotometry, chromatography, and radiometric methodologies.
[0089] The Water-Soluble Polymer

[0090] As previously discussed, each conjugate comprises an IL-2 moiety attached to a
water-soluble polymer. With respect to the water-soluble polymer, the water-soluble polymer
is nonpeptidic, nontoxic, non-naturally occurring and biocompatible. With respect to
biocompatibility, a substance is considered biocompatible if the beneficial effects associated
with use of the substance alone or with another substance (e.g., an active agent such as an IL-2
moiety) in connection with living tissues (e.g., administration to a patient) outweighs any
deleterious effects as evaluated by a clinician, e.g., a physician. With respect to
non-immunogenicity, a substance is considered non-immunogenic if the intended use of the
substance in vivo does not produce an undesired immune response (¢.g., the formation of
antibodies) or, if an immune response is produced, that such a response is not deemed clinically
significant or important as evaluated by a clinician. It is particularly preferred that the

nonpeptidic water-soluble polymer is biocompatible and non-immunogenic.
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[0091] Further, the polymer is typically characterized as having from 2 to about 300
termini. Examples of such polymers include, but are not limited to, poly(alkylene glycols) such
as polyethylene glycol ("PEG"), poly(propylene glycol) ("PPG"), copolymers of ethylene glycol
and propylene glycol and the like, poly(oxyethylated polyol), poly(olefinic alcohol),
poly(vinylpyrrolidone), poly(hydroxyalkylmethacrylamide), poly(hydroxyalkylmethacrylate),
poly(saccharides), poly(a-hydroxy acid), poly(vinyl alcohol), polyphosphazene, polyoxazolines
("POZ") (which are described in WO 2008/106186), poly(N-acryloylmorpholine), and

combinations of any of the foregoing.

[0092) The water-soluble polymer is not limited to a particular structure and can be
linear (e.g., an end capped, e.g., alkoxy PEG or a bifunctional PEG), branched or multi-armed
(e.g., forked PEG or PEG attached to a polyol core), a dendritic (or star) architecture, each with
or without one or more degradable linkages. Moreover, the internal structure of the
water-soluble polymer can be organized in any number of different repeat patterns and can be
sclected from the group consisting of homopolymer, alternating copolymer, random copolymer,

block copolymer, alternating tripolymer, random tripolymer, and block tripolymer.

[0093] Typically, activated PEG and other activated water-soluble polymers (i.c.,
polymeric reagents) are activated with a suitable activating group appropriate for coupling to a
desired site on the IL-2 moiety. Thus, a polymeric reagent will possess a reactive group for
reaction with the [L-2 moiety. Representative polymeric reagents and methods for conjugating
these polymers to an active moiety are known in the art and further described in Zalipsky, S.,
et al., "Use of Functionalized Poly(Ethylene Glycols) for Modification of Polypeptides" in
Polyethylene Glycol Chemistry: Biotechnical and Biomedical Applications, J. M. Harris,
Plenus Press, New York (1992), and in Zalipsky (1995) Advanced Drug Reviews 16:157-182.
Exemplary activating groups suitable for coupling to an IL-2 moiety include hydroxyl,
maleimide, ester, acetal, ketal, amine, carboxyl, aldehyde, aldehyde hydrate, ketone, vinyl

ketone, thione, thiol, vinyl sulfone, hydrazine, among others.

[0094] Preferably, the polymeric reagent used to prepare the conjugates described
herein is prepared without the use of phosgene. Such an approach stands in contrast to, for
example, the disclosure set forth in U.S. Patent No. 4,902,502, which specifically describes
forming a chloroformate and subsequent used to form a PEG active ester, which is then reacted
with T1.-2. Use of phosgene leads to the formation of hydrogen chloride, which can lead to
chain cleavage in the polymer, thereby increasing impurities, which may not be able to be

removed using conventional techniques. Thus, without wishing to be bound by theory, IL-2
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moiety conjugates prepared from polymeric reagents formed without the use of phosgene
provides higher quality compositions that are substantially absent polymer chain degradation
products. Also, in one or more embodiments, the spacer moiety between the water-soluble

polymer and the IL-2 moiety is not a carbamate-containing spacer moiety.

[0095] Typically, the weight-average molecular weight of the water-soluble polymer in
the conjugate is from about 100 Daltons to about 150,000 Daltons. Exemplary ranges,
however, include weight-average molecular weights in the range of greater than 5,000 Daltons
to about 100,000 Daltons, in the range of from about 6,000 Daltons to about 90,000 Daltons, in
the range of from about 10,000 Daltons to about 85,000 Daltons, in the range of greater than
10,000 Daltons to about 85,000 Daltons, in the range of from about 20,000 Daltons to about
85,000 Daltons, in the range of from about 53,000 Daltons to about 85,000 Daltons, in the
range of from about 25,000 Daltons to about 120,000 Daltons, in the range of from about
29,000 Daltons to about 120,000 Daltons, in the range of from about 35,000 Daltons to about
120,000 Daltons, and in the range of from about 40,000 Daltons to about 120,000 Daltons. For
any given water-soluble polymer, PEGs having a molecular weight in one or more of these

ranges are preferred.

[0096] Exemplary weight-average molecular weights for the water-soluble polymer
include about 100 Daltons, about 200 Daltons, about 300 Daltons, about 400 Daltons, about
500 Daltons, about 600 Daltons, about 700 Daltons, about 750 Daltons, about 800 Daltons,
about 900 Daltons, about 1,000 Daltons, about 1,500 Daltons, about 2,000 Daltons, about
2,200 Daltons, about 2,500 Daltons, about 3,000 Daltons, about 4,000 Daltons, about 4,400
Daltons, about 4,500 Daltons, about 5,000 Daltons, about 5,500 Daltons, about 6,000 Daltons,
about 7,000 Daltons, about 7,500 Daltons, about 8,000 Daltons, about 9,000 Daltons, about
10,000 Daltons, about 11,000 Daltons, about 12,000 Daltons, about 13,000 Daltons, about
14,000 Daltons, about 15,000 Daltons, about 20,000 Daltons, about 22,500 Daltons, about
25,000 Daltons, about 30,000 Daltons, about 35,000 Daltons, about 40,000 Daltons, about
45,000 Daltons, about 50,000 Daltons, about 55,000 Daltons, about 60,000 Daltons, about
65,000 Daltons, about 70,000 Daltons, and about 75,000 Daltons. Branched versions of the
water-soluble polymer (e.g., a branched 40,000 Dalton water-soluble polymer comprised of
two 20,000 Dalton polymers) having a total molecular weight of any of the foregoing can also
be used. In one or more embodiments, the conjugate will not have any PEG moieties attached,
either directly or indirectly, with a PEG having a weight average molecular weight of less than

about 6,000 Daltons.
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[0097] When used as the polymer, PEGs will typically comprise a number of
(OCH,CH;) monomers [or (CH,CH,O) monomers, depending on how the PEG is defined]. As
used throughout the description, the number of repeating units is identified by the subscript "n"
in "(OCH,CHa)n." Thus, the value of (n) typically falls within one or more of the following
ranges: from 2 to about 3400, from about 100 to about 2300, from about 100 to about 2270,
from about 136 to about 2050, from about 225 to about 1930, from about 450 to about 1930,
from about 1200 to about 1930, from about 568 to about 2727, from about 660 to about 2730,
from about 795 to about 2730, from about 795 to about 2730, from about 909 to about 2730,
and from about 1,200 to about 1,900. For any given polymer in which the molecular weight is
known, it is possible to determine the number of repeating units (i.., "n") by dividing the total
weight-average molecular weight of the polymer by the molecular weight of the repeating

monomer.

[0098] One particularly preferred polymer for use in the invention is an end-capped
polymer, that is, a polymer having at least one terminus capped with a relatively inert group,
such as a lower Cys alkoxy group, although a hydroxyl group can also be used. When the
polymer is PEG, for example, it is preferred to use a methoxy-PEG (commonly referred to as
mPEG), which is a linear form of PEG wherein one terminus of the polymer is a methoxy
(-OCH3) group, while the other terminus is a hydroxyl or other functional group that can be

optionally chemically modified.

[0099] In one form useful in one or more embodiments of the present invention, free or

unbound PEG is a linear polymer terminated at cach end with hydroxyl groups:
HO-CH,CH,0-(CH,CH,0),-CH,CH>-OH,
wherein (n) typically ranges from zero to about 4,000.

[0100] The above polymer, alpha-, omega-dihydroxylpoly(ethylene glycol), can be
represented in brief form as HO-PEG-OH where it is understood that the -PEG- symbol can
represent the following structural unit:

-CH,CH,0-(CH,CH,0),-CH2CHz-,
wherein (n) is as defined as above.

[0101) Another type of PEG useful in one or more embodiments of the present
invention is methoxy-PEG-OH, or mPEG in brief, in which one terminus is the relatively inert
methoxy group, while the other terminus is a hydroxyl group. The structure of mPEG is given
below.
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CH;0-CH;CH,0-(CH,CH;0),-CH,CH,-OH
wherein (n) is as described above.

[0102] Multi-armed or branched PEG molecules, such as those described in U.S. Patent

No. 5,932,462, can also be used as the PEG polymer. For example, PEG can have the

structure:
poly,—®
R'"—C—
poly;— (ll
wherein:

poly, and polyy, are PEG backbones (either the same or different), such as methoxy
poly(ethylene glycol);

R" is a nonreactive moiety, such as H, methyl or a PEG backbone; and

P and Q are nonreactive linkages. In a preferred embodiment, the branched PEG
polymer is methoxy poly(ethylene glycol) disubstituted lysine. Depending on the specific IL-2
moiety used, the reactive ester functional group of the disubstituted lysine may be further

modified to form a functional group suitable for reaction with the target group within the IL-2

moiety.
[0103] In addition, the PEG can comprise a forked PEG. An example of a forked PEG
is represented by the following structure:

Z

/

PEG-X-CH
\
Z

wherein: X is a spacer moiety of one or more atoms and each Z is an activated terminal group
linked to CH by a chain of atoms of defined length. International Patent Application
Publication WO 99/45964 discloses various forked PEG structures capable of use in one or
more embodiments of the present invention. The chain of atoms linking the Z functional
groups to the branching carbon atom serve as a tethering group and may comprise, for example,

alkyl chains, ether chains, ester chains, amide chains and combinations thereof.

[0104] The PEG polymer may comprise a pendant PEG molecule having reactive
groups, such as carboxyl, covalently attached along the length of the PEG rather than at the end
of the PEG chain. The pendant reactive groups can be attached to the PEG directly or through

a spacer moiety, such as an alkylene group.
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[0105] In addition to the above-described forms of PEG, the polymer can also be
prepared with one or more weak or degradable linkages in the polymer, including any of the
above-described polymers. For example, PEG can be prepared with ester linkages in the
polymer that are subject to hydrolysis. As shown below, this hydrolysis results in cleavage of
the polymer into fragments of lower molecular weight:

-PEG-CO,-PEG- + H,0 —® -PEG-CO,H + HO-PEG-

[0106] Other hydrolytically degradable linkages, useful as a degradable linkage within a
polymer backbone and/or as a degradable linkage to an IL-2 moiety, include: carbonate
linkages; imine linkages resulting, for example, from reaction of an amine and an aldehyde
(see, e.g., Ouchi ct al. (1997) Polymer Preprints 38(1):582-3); phosphate ester linkages formed,
for example, by reacting an alcohol with a phosphate group; hydrazone linkages which are
typically formed by reaction of a hydrazide and an aldehyde; acetal linkages that are typically
formed by reaction between an aldehyde and an alcohol; orthoester linkages that are, for
example, formed by reaction between a formate and an alcohol; amide linkages formed by an
amine group, e.g., at an end of a polymer such as PEG, and a carboxyl group of another PEG
chain; urethane linkages formed from reaction of, e.g., a PEG with a terminal isocyanate group
and a PEG alcohol; peptide linkages formed by an amine group, e.g., at an end of a polymer
such as PEG, and a carboxyl group of a peptide; and oligonucleotide linkages formed by, for
example, a phosphoramidite group, e.g., at the end of a polymer, and a 5' hydroxyl group of an

oligonucleotide.

[0107] Such optional features of the conjugate, i.e., the introduction of one or more
degradable linkages into the polymer chain or to the IL-2 moiety, may provide for additional
control over the final desired pharmacological properties of the conjugate upon administration.
For example, a large and relatively inert conjugate (i.e., having one or more high molecular
weight PEG chains attachedthereto, for example, one or more PEG chains having a molecular
weight greater than about 10,000, wherein the conjugate possesses essentially no bioactivity)
may be administered, which is released to generate a bioactive conjugate possessing a portion
of the original PEG chain. In this way, the properties of the conjugate can be more effectively

tailored to balance the bioactivity of the conjugate over time.

[0108] The water-soluble polymer associated with the conjugate can also be
"releasable." That is, the water-soluble polymer releases (either through hydrolysis, enzymatic
processes, catalytic processes or otherwise), thereby resulting in the unconjugated IL-2 moiety.

In some instances, releasable polymers detach from the IL-2 moiety in vivo without leaving any
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fragment of the water-soluble polymer. In other instances, releasable polymers detach from the
IL-2 moiety in vivo leaving a relatively small fragment (e.g., a succinate tag) from the
water-soluble polymer. An exemplary cleavable polymer includes one that attaches to the IL-2

moiety via a carbonate linkage.

[0109] Those of ordinary skill in the art will recognize that the foregoing discussion
concerning nonpeptidic and water-soluble polymer is by no means exhaustive and is merely
illustrative, and that all polymeric materials having the qualities described above are
contemplated. As used herein, the term "polymeric reagent” generally refers to an entire

molecule, which can comprise a water-soluble polymer segment and a functional group.

[0110] As described above, a conjugate of the invention comprises a water-soluble
polymer covalently attached to an IL-2 moiety. Typically, for any given conjugate, there will
be one to three water-soluble polymers covalently attached to one or more moieties having IL-2
activity. In some instances, however, the conjugate may have 1,2, 3,4, 5, 6, 7, 8 or more
water-soluble polymers individually attached to an IL-2 moiety. Any given water-soluble
polymer may be covalently attached to either an amino acid of the IL-2 moiety, or, when the IL-
2 moiety is (for example) a glycoprotein, to a carbohydrate of the IL-2 moiety. Attachment to a
carbohydrate may be carried out, e.g., using metabolic functionalization employing sialic
acid-azide chemistry [Luchansky et al. (2004) Biochemistry 43(38):12358-12366] or other
suitable approaches such as the use of glycidol to facilitate the introduction of aldehyde groups

[Heldt et al. (2007) European Journal of Organic Chemistry 32:5429-5433].

[0111] The particular linkage within the moiety having IL-2 activity and the polymer
depends on a number of factors. Such factors include, for example, the particular linkage
chemistry employed, the particular IL-2 moiety, the available functional groups within the IL-2
moiety (either for attachment to a polymer or conversion to a suitable attachment site), the

presence of additional reactive functional groups within the IL-2 moiety, and the like.

[0112] The conjugates of the invention can be, although not necessarily, prodrugs,
meaning that the linkage between the polymer and the IL-2 moiety is releasable to allow release
of the parent moiety. Exemplary releasable linkages include carboxylate ester, phosphate ester,
thiol ester, anhydrides, acetals, ketals, acyloxyalkyl ether, imines, orthoesters, peptides and
oligonucleotides. Such linkages can be readily prepared by appropriate modification of either
the IL-2 moiety (e.g., the carboxyl group C terminus of the protein, or a side chain hydroxyl

group of an amino acid such as serine or threonine contained within the protein, or a similar
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functionality within the carbohydrate) and/or the polymeric reagent using coupling methods
commonly employed in the art. Most preferred, however, arc releaseable linkages that are
readily formed by reaction of a suitably activated polymer with a non-modified functional

group contained within the moiety having IL-2 activity.

[0113] Alternatively, a hydrolytically stable linkage, such as an amide, urethane (also
known as carbamate), amine, thioether (also known as sulfide), or urea (also known as
carbamide) linkage can also be employed as the linkage for coupling the IL-2 moiety. Again, a
preferred hydrolytically stable linkage is an amide. In one approach, a water-soluble polymer
bearing an activated ester can be reacted with an amine group on the IL-2 moiety to thereby

result in an amide linkage.

[0114] The conjugates (as opposed to an unconjugated IL-2 moiety) may or may not
possess a measurable degree of IL-2 activity. That is to say, a polymer-1L-2 moiety conjugate
in accordance with the invention will possesses anywhere from about 0.1% to about 100% of
the bioactivity of the unmodified parent IL-2 moiety. In some instances, the polymer-IL-2
moiety conjugates may have greater than 100% bioactivity of the unmodified parent IL-2
moiety. Preferably, conjugates possessing little or no IL-2 activity contain a hydrolyzable
linkage connecting the polymer to the moiety, so that regardless of the lack (or relatively lack)
of activity in the conjugate, the active parent molecule (or a derivative thereot) is released upon
aqueous-induced cleavage of the hydrolyzable linkage. Such activity may be determined using
a suitable in-vivo or in-vitro model, depending upon the known activity of the particular moiety

having IL-2 activity employed.

[0115] For conjugates possessing a hydrolytically stable linkage that couples the moiety
having IL-2 activity to the polymer, the conjugate will typically possess a measurable degree of
bioactivity. For instance, such conjugates are typically characterized as having a bioactivity
satisfying one or more of the following percentages relative to that of the unconjugated IL-2
moiety: at least about 2%, at least about 5%, at least about 10%, at least about 15%, at Jeast
about 25%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 97%,
at least about 100%, and more than 105% (when measured in a suitable model, such as those
well known in the art). Preferably, conjugates having a hydrolytically stable linkage (¢.g., an
amide linkage) will possess at least some degree of the bioactivity of the unmodified parent

moiety having IL-2 activity.
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[0116] Exemplary conjugates in accordance with the invention will now be described.
Typically, such an IL-2 moiety is expected to share (at least in part) a similar amino acid
sequence as the sequence provided in at least one of SEQ ID NOs: 1 through 4. Thus, while
reference will be made to specific locations or atoms within SEQ ID NOs: 1 through 4, such a
reference is for convenience only and one having ordinary skill in the art will be able to readily
determine the corresponding location or atom in other moieties having IL-2 activity. In
particular, the description provided herein for native human IL-2 is often applicable to

fragments, deletion variants, substitution variants or addition variants of any of the foregoing.

[0117] Amino groups on IL-2 moieties provide a point of attachment between the IL-2
moiety and the water-soluble polymer. Using the amino acid sequence provided in SEQ ID
NOs: 1 through 4, it is evident that there are several lysine residues in each having an g-amino
acid that may be available for conjugation. Further, the N-terminal amine of any protein can

also serve as a point of attachment.

[0118] There are a number of examples of suitable polymeric reagents useful for
forming covalent linkages with available amines of an IL-2 moiety. Specific examples, along
with the corresponding conjugate, are provided in Table 1, below. In the table, the variable (n)
represents the number of repeating monomeric units and "-NH-(IL-2)" represents the residue of
the IL-2 moiety following conjugation to the polymeric reagent. While each polymeric portion
[e.g., (OCH,CH,), or (CH,CH,0),] presented in Table 1 terminates in a "CHs" group, other
groups (such as H and benzyl) can be substituted therefor.

Table 1
Amine-Selective Polymeric Reagents and the IL-2 Moiety Conjugate Formed Therefrom
Polymeric Reagent Corresponding Conjugate
/=N Il
H3CO—(CH,CH,0),~C~N \) H3CO—(CH,CH,0),~C~NH—(IL-2)
S

o Carbamate Linkage
mPEG-Oxycarbonylimidazole Reagents

0]

i Il
Hsco«(CHQCHZO)n—c—o—<\3-No2 HyCO—(CH,CH,0),~C ~NH—(IL-2)
mPEG Nitrophenyl Reagents Carbamate Linkage

Cl 0}
i - e
H,CO—(CH,CH,0),~C~0 al H3CO—(CH,CH,0),~C~NH—(IL-2)
Cl Carbamate Linkage

mPEG-Trichlorophenyl Carbonate Reagents
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Polymeric Reagent Corresponding Conjugate
o Q (II)
I
Hsc-(OCHZCHZ)n-o-cHZ-C-O—N;> H3C-(OCH,;CHy)-O-CHy-C-N—(IL-2)
o o Amide Linkage
mPEG-Succinimidyl Reagents
. %l) (l? 3 (IL- 2)—‘“‘*93‘ ~ OCl -*]C])—'“N'I” -2
N- O~ G- CHyCHy=(OCH,CHy)y-O-CHaCHa-C-ON G OCRGRIrOGHETE (-2
Amide Linkages
0 0
Homobifunctional PEG-Succinimidyl Reagents
i X
HN’LLNH e HN NH 0
I CHa)s-NH-CH,C Hy-(OCH,CHy)y =OCH,CH,C NH-(IL-2
5 (CH2)4-NH—CHZCHZ-(OCHZCHZ),,—OCHZCHzc-ON);I g7 (CHak 2 ?( ? 2~ OCH;CH,C NH-(1L-2)
d Amide Linkage
Heterobifunctional PEG-Succinimidyl Reagents
0

i
H3C-(OCHZCHg)n-o-CHZCHZ-C-o-N;>

8]
mPEG-Succinimidyl Reagents

I
HaC - (OCH;CHy )p-0-CHyCHo-C —NH—(IL-2)
Amide Linkage

o)

I I
HyCO—(CH,CH,0)— CH,CHNH-C-CH,CH,~C-O-N

i i
HyCO=(CHaCH20)n= CHoCHoNH-C-CHyCH, - C-NH=(IL-2)

Amide Linkage
o}
mPEG-Succinimdyl Reagents
O
[ HacO-—(CHZCHZO)H—CHZCHZSH-CHZCHQ-(I%-NH~(IL-2)
H3CO—(CH,CH,0),—CH;CH,8H~CH,CH,-C-0-N
O Amide Linkage
mPEG Succinimidyl Reagents
Il o)
HaC~(OCHCHy)p-O-CH2CHoCHo-C-0-N
4 HaC+(OCH,CHy)-O-CH,CHCHy C—NH=(IL-2)
mPEG-Succinimidy! Reagents Amide Linkage
0 () i
HsC-(OCH,CHp)-O-C-O-N_ | HyC-(OCH,CHy)y-0-C——NH—(IL-2)
N~ .
mPEG-Benzotriazole Carbonate Reagents Carbamate Linkage
o 9
I [ 0 0
H3C-(OCH,CHy)p~NH-C 0-C-ON HSC-(OCHZCHz)n—NH-C@O—C—NH—(IL-Z)
0O

mPEG-Succinimidyl Reagents

Carbamate Linkage
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Polymeric Reagent Corresponding Conjugate
0
o Q Il
’ HaCO=(CH,CH,O), O-C-NH=(IL-2)
cho—(CHZCHZO)n-Qo-OON
Amide Linkage

0
mPEG-Succinimidy! Reagents

o O
i
HgCO—(CHZCHZO)n—C-O~N¢

0

I
HaCO=(CH,CH;0),—C-0-NH-(IL-2)

mPEG Succinimidyl Reagents Amide Linkage
| o
HaC(OCH,CHy)y-O-C-NH-CHa-CHg-CHo-CHy - O i
St _o—n HyC+(OCH;CHo)O-C-NH-CHy-CHy-CH-CHp, - O
W/ =
HgC-(OCH,CHg)y-0O-C-NH & i LAC TH
HaC+(OCH,CH ) O-C-NH i)
Branched mPEG2-N-Hydroxysuccinimide Amide Linkage
Reagents
I i
HsC-(OCH;CHy)-0-C-H HoC-(OCH,CHp)-0-C-NH
(IDHZ GH2
C‘ZHZ CI3H2
" "
CHy g 0 CHz o
|0 I i
0 C——C—NH-CHyCHy—NH—(IL-2)

0 CH—C—NH-CH,CH

I
HyG-(OCH,GHy)p-0-C-NH

I 7z
HaC-(OCH:CHy)p-0-C-NH

Branched mPEG2-Aldehyde Reagents Secondary Amine Linkage
o @]
- I |C|> (kjl
HaC+(OCH;CHy)~ O~ CHzC-0~CHCH,~C-O-N H4G-{0GH,CHy)y~0-CH &0 -CHOH;- C—NH
CHs CH, (L-2)
mPEG-Succinimidyl Reagents Amide Linkage
O
(”) ] H;CO=(CH,CH,0) g CH,CH g—NH (IL-2)
HyCO=(CHoCH,0),~C~CHaCH,-C~0-N gD (LU ™ ™ e T TR
® (CHoCH,OM, e Amide Linkage
mPEG~Succinimidyl Reagents
O
o 0
Il i 9 ﬁ 0 Q
N-0-C-CHGH-0-C-(OCH;CH,)y O C 0" CHCH2 C O-N (IL-2)—=NH~C-CHyCH-0-C(OCH,CHz)y"O C O=GHCH-C-NH-(L-2)
5 O'H() CH3 (‘3H3 CHj
Homobifunctional PEG-Succinimidyl Reagents Amide Linkages
g ° 0
- - -CH-C-0- i
H3CO~(CH,CH;0),~CH,~GH=C=0-N HyCO=(CH,CH;0)y~ CHy~CH-C-NH—(IL-2)
CHj d &h,
mPEG-Succinimidyl Reagents Amide Linkage
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Polymeric Reagent Corresponding Conjugate
ym g P g Lonjug
a o g i i
¢N'O'Q"CH2CH2_(OCHQCHz)n"O'CHQCHQ'g“O'N (lL'Z)"NH‘c‘?HQCHQ‘(OCHQCHQ)H-O-CHQCHZ"C—NH""(”.:2)
I |
0 CHg CHs o) s . _ CHs
Homobifunctional PEG-Succinimidyl Propionate Amide Linkages
Reagents
5 ° 0
- - . —CH=—C=-O)- |
HaCO-(CH,CHZ0),=CHy CH,=GH=C-0O-N HaCO~(CH,CHz0)y~ CHy"CHy~CH=-C-NH-=(IL-2)
CHs S CHj
mPEG-Succinimidyl Reagents Amide Linkage
o)
HyC-(OCH,CH,), —NH-C-0-CH, Q HyC(OCH;CHy)y—NH-C-0-CH,

O
| i
HC-OCHZ-CH2~CI;H-C-O—N
| CHs

1l
HC-OCH,;CH, (EH-C—NH-(!L-Z)

I 1l CH;
H3C'(OCH20H2>n"NH'C"O'CH2 O ch'(OCHQCHQ)n‘NH’C"O'CHQ s
Branched mPEG2-N-Hydroxysuccinimide Amide Linkage
Reagents
H
H3c-(OCHon2)n—-NH-%':-o—(|;H2 o @ HaG+(OCH,CHz)y—NH-C-0-CH, o
| |
H(|3-OCH2-CH2-CH2-C—O—N> o HG-OCH;CH, CH,=C~NH-(IL-2)
" i
H3C~(OCH,CHy)y~NH-C-0-CHa o} H3C-(OCH3CHg),~NH-C-0-CH,
Branched mPEG2-N-Hydroxysuccinimide Amide Linkage
Reagents
0

I =
H30-(OCHZCHZ)n—O-CHg-CHz-C—S—Q
N

mPEG-Thioester Reagents

Il
H3C - (OCH2CHz)n—0O-CHz CHpy C—NH—(IL-2)

Amide Linkage (typically to IL-2 moiety
having an N-terminal cysteine or histidine)

il i
HC - CHyCHy—(OCHoCHo),-0-CH,CHo-CH

Homobifunctional PEG Propionaldehyde
Reagents

r;lH——CHz CHyCH, = (OCH,CH2)-0-CH,CHp-CHp —NH
(IL-2) (IL-2)

Secondary Amine Linkages

I
H3C ~(OCHyCHa)n-0-CH,CH,-CH

mPEG Propionaldehyde Reagents

HaC = (OCH,CHo)-0-CHoC Hp-CHp—NH—(IL-2)

Secondary Amine Linkage

T i
1l
HCCH,CHoCHy=(OCH,CHy)y-0-CH,CH,CH,-CH

Homobifunctional PEG Butyraldehyde Reagents

HN=CHCH,CH,CH,~(OCH,CHy),-O-CHCH,CHy Oy N‘F
(I-2) (IL-2)

Secondary Amine Linkages

i
HyC ~(OCHoCHy)n-0-CHoCH,CHo-CH

mPEG Butryaldehyde Reagents

H3C~(OCH2CH2)n-O-CHzCHaCH2- CHz— NH—(IL-2}

Secondary Amine Linkage
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Polymeric Reagent

Corresponding Conjugate

fl i
HsC=(OCH,CHy)y-0-C-NH=(CHoCH20)4— CHaCHoCHoCH

mPEG Butryaldehyde Reagents

HiC (OCH,CHy) O-C NH-(OHCH, D)y~ CH,CH,CH,CH—NH
(L-2)
Secondary Amine Linkage

O O
Il il I
CIJ-—(OCHZCHz)n—O-C'NH—(CHZCH20)4—CHZCHch?_CH
HN
\

Il
(CHQCH20)4—CHQCH2CH2CH

Homobifunctional PEG Butryaldehyde Reagents

il
——(OCH,CHy)-0~C NH=(CH,CHo0)y—CH,CHaCHZCHy-NH=(1L-2)

Z—O0=0

\
(CHoCHyO)g—CH,CHyCH,CH,-NH-(IL-2)

Secondary Amine Linkages

I
HaC-(OCH;CHo) - O-C-NH-CH-CHy Chy Oy © ﬁ)
<"3 CH— C—NH-(CH,CHO)~ CH,CH,CH,CH
HAC-(OCH;CH,)y-O-C-NH

Branched mPEG?2 Butyraldehyde Reagents
O

[l
ch-(OCHZCH?),‘—O—C»NHCHTCHTCHZCW\ o
O C—C—NH—{CHCHO)~ CHACHCH,CH,~NH

I
HyC-{OCHCHy),-0-C-NH
(L-2)

Secondary Amine Linkage

Hi
HyG-(OCH,CHy)y—NH-C-0-CH, o
I i
HC~ OCHFCHy CHy~ C ~NH={CH,CH,0);— CH,CH;CH,CH

1l
HyC+(OCH,CH,),~NH-C-0-CH,

Branched mPEG?2 Butyraldehyde Reagents

)
N
H3C-(OCH,CH,)y~NH-C-G-CH, °
i
o HG-OCH,CH, CHy~C-NH —{CHaCHZO)y— CHCHyCH,CH,"NH-(iL-2)
1)
HyG-{OCH;CHy),~NH-C-0~CH,

Secondary Amine Linkage

OCH,CH,
H3C-(OCH,CHy)y—O- CHyCH—OCH,CH3

mPEG Acetal Reagents

HaC—(OCH,CHo)-0-CHyCH,——NH-(IL-2)

Secondary Amine Linkage

1
ch—(OCHQCHg)n-O-CHZCHg-C—-Ni:>=0
mPEG Piperidone Reagents

0
I
H3C—(OCH2CH2),,—O-CHZCHQ—C—N/\:>'NH—(IL—Z)

Secondary Amine Linkage
(to a secondary carbon)

O
1]
H3C—(OCHQCHz)n-O~(CH2)2_5—C"“CH3

mPEG Methylketone Reagents

NH—(IL-2)
HaC~(OCH,CH,)-0«(CHy)p.5— CH—CH3

secondary amine linkage
(to a secondary carbon)

I
H3CO-—(CH2CH20)n—ﬁ-CH2—CF3
o}

H3CO— (CH,CH,0)y—CHCHy—NH—(IL-2)

Secondary Amine Linkage

mPEG Tresylate Reagents
O

HaC—(OCH,CHj)-O-CH,CHy—N |

O
mPEG Maleimide Reagents

(under certain reaction conditions such as pH > 8)

0

NH-(IL-2)
H3C~(OCH2CH2),rO-CHCHa—N

o
Secondary Amine Linkage
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Polymeric Reagent

Corresponding Conjugate

0
1]
HaC—(OCH2CHy)y-O-CHyCHy~NH-C- CHoCHa=N |

o
mPEG Maleimide Reagents

(under certain reaction conditions such as pH > 8)
0

0
O NH—(IL-2)
H4C ~{OCH,CHy)y-O-CH,CH, ~NH-C-CH,CH,~N

0]

Secondary Amine Linkage

¢]
o]
1l 9 I it NH—(IL-2)
Hac-(OCHQCHZ)n-O—CHQCHz—C-NH-CHZCHg-NH-C-CHchZ—N ' HaC~({OCHzCH2)y-O-CH,CHa~ C~NH-CHaC Ha “NH- C "CH2CHa~N
o

QO
mPEG Maleimide Reagents

(under certain reaction conditions such as pH > 8)
0

Secondary Amine Linkage

O,
q Q NH—(1L-2)
NH-CHyCHy-NH- G- CHyCHp =N l NHCHGHy N C-CHOHy
O=<|3 o=¢
| g 0y ©
o GHe HC(OCH,CH )y O-CH,C —!I}N}-Hi
H3C=(OCH,CHy)-O-CHZCHy~C-NH] HOm(OCHLCHIOCH O CHI
CH, ok 0
o=t e o 7 NH—(IL2)
i q NH-CH,CHy - NH-C-CH,CHp~N
NH-CHyCHz-NH-C - CHaCHp =N [
O

o]
mPEG Forked Maleimide Reagents

(under certain reaction conditions such as pH > 8)

Secondary Amine Linkages

o]
il i
H3C-(OCHZCH2)n-O-C-II\IH HaC'(OCHzCHﬂn'O'C'E:
CHy Pl
1 (;'Hz
(|3H2 ?Hz
CH, CH o
i o =9 9 NH-{1-2)
CH, G——C~NH-CH;CHy"NH-C-CH;CHy~N
9 ? 0
It
o0 CH—C—NH-CH,CHy~NH-C-CHyCHp~N | HyG-(OCHCHy),-0-C-NH g

|
H30>(OCHZCH2)n—O—(,)-NH S
branched mPEG2 Maleimide Reagents
(under certain reaction conditions such as pH > 8)

Secondary Amine Linkage

/N
HgC ~(OCH,CH)-0-CH,CHCH,

mPEG Epoxide Reagents
(under certain reaction conditions such as pH > 8)

OH
|
H4C —(O CH,C H)y-0-CH,CHCHy —NH (1L -2)

Secondary Amine Linkage

-CH,CH,(OCH,CH)-OCH;

} —NH
Q
CH;.Ov(CHZCHQO),.-CHch?-O\)J\
N
B
o d

Q>—/O~CHQCHT(OCH;CH2)n'0CH3

NH
CHyQ-(CHCH,0)y-CHoC Hro\j\'i
B NH-(L-2)
O-
1
o

Branched mPEG Derivative Releasable Linkage
sogt ©-CHyCHy-(QCH;CHal-OCH; o -CHaCH-(OCH,CHy)-OCH3
'}NH ! ) i?:f
CH3O-(CH,CH,0)-CH IZCHZ-o\iN cH;O—(cHzcmo»,\CHZCH;-O\j\N
o O H NH-{IL-2)
O\( O\(
0 ¢ o
Branched mPEG Derivative Releasable Linkage
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Polymeric Reagent

Corresponding Conjugate

Ty -NH
o o N/ N
CH,O'(CH7CH70)"-CHZCH7'Ov\NwN ¢ R{O
H H o

HA

OO

N N§ -—\—O-CH;CHz_(OcﬂzcHq)n'OCH:;
oo)

o NH
CH;O-(CHﬁH;O),\-CH;CHZ‘O\/\N/‘OL\/\/U\N O' MD
H H

HN
On, NH-IL-2
g 2 N\ 0.CHACH:0CH;CH,OCH

o
Branched mPEG Derivative Releasable Linkage
H W
CHQO'(CHZCHZO),;CHQCHZ—O/\/N 0 CH;O‘[CH;CH;O),(OH,CH;70/\/N ©
Oy
'iﬁQF'J“L\@ iE:g"J\ﬁ¢
o oo L HN= O NR{(LZ)  HN\ ) .
' ;Ni& 0-CH;CH(OCHZCH),-OCHg jg ©-CHyCHy(OCH,CHy),-OCH;
o
o .
o Releasable Linkage
Branched mPEG Derivative &
Q [ o] o
CHSO(CHCH;0)-CHCH 0™ f O.O Hk/\/{Lg/\/O-CH:CHr(OCH;CH7).\AOCH3 CHYOACH,CH;O)-CHyCHy omn” “/”\/\)Lu/\,ocHZCHT(OcH;CHz,».ocm
o s}
o 0. uarhn. Y
&y X
Branched mPEG Derivative Releasable Linkage
i H H H
CH3O~(CHCH0)-CHRCHy 07 NN\/\O~CH1CH1-(OCHzCH,),,-DCHg CHO~(CHCHy0)y CHCHp 0™ N O O N 0. CHACHOGHC el OTHa
o 0 o o
<€N/o\(° tIL~2)-HNYO
ko © o
Branched mPEG Derivative Releasable Linkage
H
CHy0-(CHaCH;0)-CHCHy-0 0 "
N0
o 7~ O-CHACHz-(OCH,CHa), OCH, CH50-(CHCHO) CHCHy O
r<N—oYo H \/\iN/VO-CH;CHZ-(OCHZCHz)n-OCm
\<0 Q (lLQ)-r!NYO R
Branched mPEG Derivative © ,
Releasable Linkage

[0119]

Conjugation of a polymeric reagent to an amino group of an IL-2 moiety can be

accomplished by a variety of techniques. In one approach, an IL-2 moiety can be conjugated to

a polymeric reagent functionalized with a succinimidyl derivative (or other activated ester

group, wherein approaches similar to those described for these alternative activated ester

group-containing polymeric reagents can be used). In this approach, the polymer bearing a

succinimidyl derivative can be attached to the IL-2 moiety in an aqueous media at a pH of 7 to

9.0, although using different reaction conditions (e.g., a lower pH such as 6 to 7, or different

temperatures and/or less than 15 °C) can result in the attachment of the polymer to a different

location on the IL-2 moiety. In addition, an amide linkage can be formed by reacting an

amine-terminated nonpeptidic, water-soluble polymer with an IL-2 moiety bearing an

activating a carboxylic acid group.

[0120]

Exemplary conjugates are encompassed within the following structure

Il
H3CO~(CH2CH20)n—X—'(FH'C—NH'(IL-Z)

R1
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wherein:
(n) is an integer having a value of from 2 to 4000;
X is a spacer moiety;
R'isan organic radical; and

IL-2 is a residue of an IL-2 moiety.

[0121] Exemplary conjugates are encompassed by the following structure:

o}
I
HaCO=(CHyCHz0),~CH,~CH=C~NH=(IL-2)
CHy

wherein (n) an integer having a value of from 2 to 4000 and IL-2 is a residue of an IL-2 moiety.

[0122] Typical of another approach useful for conjugating the 1L-2 moiety to a
polymeric reagent is use of reductive amination to conjugate a primary amine of an IL-2 moiety
with a polymeric reagent functionalized with a ketone, aldehyde or a hydrated form thereof
(e.g., ketone hydrate, aldehyde hydrate). In this approach, the primary amine from the IL-2
moiety reacts with the carbonyl group of the aldehyde or ketone (or the corresponding
hydroxyl-containing group of a hydrated aldehyde or ketone), thereby forming a Schiff base.
The Schiff base, in turn, can then be reductively converted to a stable conjugate through use of
a reducing agent such as sodium borohydride. Selective reactions (e.g., at the N-terminus) are
possible, particularly with a polymer functionalized with a ketone or an alpha-methyl branched

aldehyde and/or under specific reaction conditions (e.g., reduced pH).

[0123] Exemplary conjugates of the invention wherein the water-soluble polymer is in a
branched form include those wherein the water-soluble polymer is encompassed within the

following structure:

O
H3CO-(CH,CHo0),—CH,CHy~NH=C =0
1]
cho-(CHQCHzo)n_CHQCHZ'NH_C“’O
wherein each (n) is independently an integer having a value of from 2 to 4000.

[0124] Exemplary conjugates of the invention are encompassed within the following

structure:
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2

o)
H3CO~(CHoCHZ0),—CHyCHp-NH-C 0 R
|
O—X-—(CH?_CHZO)b(l) NH-(L-2)
H

O
H3co—(CHZCH20)n—CHZCHZ—NH—E';—o .
wherein:
cach (n) is independently an integer having a value of from 2 to 4000;
X is spacer moiety;
(b) is an integer having a value 2 through 6;
(¢) is an integer having a value 2 through 6;
R?, in each occurrence, is independently H or lower alkyl; and

IL-2 is a residue of an IL-2 moiety.

[0125] Exemplary conjugates of the invention are encompassed within the following

structure;

H3CO"(CHQCH20)n—CHQCHQ'NH"&"O

o]

1}
}OCHQCHZCHQ-C-NH—(CHQCHgO),;—CHZCHZCHQCHQ‘NH—(ILQ)
(1]
HaCO~(CH,CH,0)y—CHyCHy~NH=C—0

wherein:
each (n) is independently an integer having a value of from 2 to 4000; and

IL-2 is a residue of an IL-2 moiety.

[0126] Other exemplary conjugates of the invention are encompassed within following
structure:
Q
HyCO-(CHyCH,0),—CHzCH,=NH-C-0 R?l O
0 O—=(X);—(CH,CH,0)y <:: y)-NH-—UL-Z)
H3CO-(CH,CH,0),—CH,CHy=NH-C -0 R,

wherein:
each (n) is independently an integer having a value of from 2 to 4000;
(a) is either zero or one;
X, when present, is a spacer moiety comprised of one or more atoms;
(b") is zero or an integer having a value of one through ten;
(c) is an integer having a value of one through ten;

RZ, in each occurrence, is independently H or an organic radical;
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R, in each occurrence, is independently H or an organic radical; and

IL-2 is a residue of an [L.-2 moiety.

[0127] Still further exemplary conjugates of the invention are encompassed within the

following structure:

H3CO-(CH2CH20)n-—CH?_CHQ;NH—g—O
o O-CHZCHzCHgg—NH—(IL-Z)
HyCO-(CH,CHR0),— CHaCHa~NH—C—0
wherein:
each (n) is independently an integer having a value of from 2 to 4000; and

[L-2 is a residue of IL-2 moiety.

[0128] Exemplary conjugates that include a releasable linkage include those in which

an IL-2 moiety are conjugated to a polymeric reagent encompassed within the following

formula:
1
POLY —X!
\\__/[Re1]a
\ 7/ R’
C—(FG)
= H, |
X A,
/ /R®
POLYZ—-X2 P
wherein:

POLY' is a first water-soluble polymer;

POLY? is a second water-soluble polymer;

X! is a first spacer moiety;

X? is a second spacer moiety;

H, is an tonizable hydrogen atom,;

R! is H or an organic radical;

R?is H or an organic radical;

(a) is either zero or one;

(b) is either zero or one;

R®', when present, is a first electron altering group;

R, when present, is a second electron altering group; and
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(FG) is a functional group capable of reacting with an amino group of an active agent to
form a releasable linkage, such as a carbamate linkage. Within this formula, polymeric

reagents having the more defined structure are contemplated:

X'-pPOLY!

wherein each of POLY', POLY?, X', X? R', R% H, and (FG) is as previously defined, and R

is a first electron altering group; and R* is a second electron altering group.

[0129] Still further exemplary polymeric reagents fall within the following formulae:

O O-CHyCHy{OCH;CH,)-OCH;

Q
CH30-(CH,CH,0),-CH,CH,- o\)k O’
o\(

3

O-CHyCHy{OCHCHy)y-OCH;
803H

/

NH

CH30-(CH,CH;0)y-CHyCHy- \)‘\

O-CH,CHy-(OCH,CH,)y-0CH;

CH430-(CH,CH,0),, CHZCHZ—O\/\ i/\/ﬂ\ O. O
o ;j
O

H
CH30-(CH,CH,0),-CH,CHp-0 ~ > N0
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[0} o}
)
N J N -CH,CHa-(OCH,CHp),-OCH
CH3O'(CHZCHQO)n‘CHQCHTO/\\/ H m/\/o 2CH,-(OCHy 2 3
0

N
CH30~(CHyCHo0 ) -CH,CHo-O " 0-CH,CH,-(OCH,CH,),-OCH;

CHA0-(CH,CH,0),-CHpCHp-0 = N O

O
. O'O \~ur O-CHzCH-(OCH;CH)-OCHs
N—O. H
¢

0]

9 OTO\“@
N / /0 o} ’\{XN

|

(o]

; and

/

N CH,CH,(OCH,CH}OCHs
3

wherein, for each structure and in each instance, (n) is independently an integer from 4 to 1500.

[0130] These releasable linkage-providing polymeric reagents can be prepared in
accordance with the procedures set forth in U.S. Patent Application Publication No.
2006/0293499.

[0131]) Exemplary conjugates formed using releasable linkage-providing polymeric

reagents include those of the following formulae:
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wherein:
POLY' is a first water-soluble polymer;
POLY? is a second water-soluble polymer;
X! is a first spacer moicty;
X? is a second spacer moiety;
H, is an ionizable hydrogen atom;
R'is H or an organic radical;
R?is H or an organic radical;
(a) is either zero or one;
(b) is either zero or one;
R¢ when present, is a first electron altering group;
R, when present, is a second electron altering group;
Y'isOorsS;
Y*is QO or S; and
(IL-2) is a residue of an IL-2 moiety.

[0132] Exemplary conjugates have the following structure:

o) O-CH,CH,-(OCH,CH2)y-OCH3

NH

2

CH30-(CH20H20)n-CHzCHz-o\j\N

H
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0-CHoCHy-(OCH,CHa)y-OCH3
0

>—/_>-NH
H
)

Q
N
P2 O
CH30-(CHZCHZO)n-CHZCHz-O\/\NwN L2
H H O\( -(IL-
0

H
CH30-(CH,CH,0),-CH,CH,-0 N0
o] 0
' NJ\A)kN/\/o-CHzcl-iZ-(oc:l-:zCHz)r,-OCH3
(IL-2)—-HN._O : ;
b
o)

CHaO+(CHaCHy0)y-CHoCHz-O

0 ol
H
N 0.0 N/”\/\)l\N/\,O-CHZCHZ—(OCHZCHZ)n—OCH3
& H H

C

(IL—2)—HN\\(

0

H H
1 Ik
CH30-(CHyCH,0),-CH,CHo-07 ~"0.CHaCHa-(OCH,CH2)y-OCH3
o 0
~°

(IL-2)—HN

O

N0
O/\/

\/\/?LN,\/o-oHZCH2~(OCHZCH2>n~OCH3
H

(IL-2) *HN\H/O
O

| \ O\H/NH——(H_.Q)
N F /O 0
~N

| N~ CHiCHA(OCH,CHy)-OCHa

CH30-(CH,CH,0)-CH,C Hp-

; and

LA,

o

3

wherein, for each structure and in each instance, (n) is independently an integer from 4 to 1500,

and (IL-2) is a residue of an IL-2 moiety.
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[0133] Carboxyl groups represent another functional group that can serve as a point of

attachment on the IL-2 moiety. Structurally, the conjugate will comprise the following:

0]

I
(IL-2)-C-X-POLY

where (IL-2) and the adjacent carbonyl group corresponds to the carboxyl-containing IL-2
moiety, X is a linkage, preferably a heteroatom selected from O, N(H), and S, and POLY is a

water-soluble polymer such as PEG, optionally terminating in an end-capping moiety.

[0134] The C(O)-X linkage results from the reaction between a polymeric derivative
bearing a terminal functional group and a carboxyl-containing IL-2 moiety. As discussed
above, the specific linkage will depend on the type of functional group utilized. If the polymer
is end-functionalized or "activated" with a hydroxyl group, the resulting linkage will be a
carboxylic acid ester and X will be O. If the polymer backbone is functionalized with a thiol
group, the resulting linkage will be a thioester and X will be S. When certain multi-arm,
branched or forked polymers are employed, the C(O)X moiety, and in particular the X moiety,

may be relatively more complex and may include a longer linkage structure.

[0135]) Water-soluble derivatives containing a hydrazide moiety are also useful for
conjugation at a carbonyl and carboxylic acid. To the extent that the IL-2 moiety does not
contain a carbonyl moiety or a carboxylic acid, one can be added using techniques known to
one of ordinary skill in the art. For example, a carbonyl moiety can be introduced by reducing
a carboxylic acid (e.g., the C-terminal carboxylic acid) and/or by providing glycosylated or
glycated (wherein the added sugars have a carbonyl moiety) versions of the IL-2 moiety. With
respect to [L-2 moieties containing a carboxylic acid, a PEG-hydrazine reagent can, in the
presence of a coupling agent (e.g., DCC), covalently attach to the IL-2 moiety |e.g., mPEG-
OCH,C(O)NHNH, + HOC(0)-(IL-2) results in mPEG-OCH,C(O)NHNHC(O)-IL-2]. Specific
examples of water-soluble derivatives containing a hydrazide moiety, along with the
corresponding conjugates, are provided in Table 2, below. In addition, any water-soluble
derivative containing an activated ester (e.g., a succinimidyl group) can be converted to contain
a hydrazide moiety by reacting the water-soluble polymer derivative containing the activated
ester with hydrazine (NHy-NH,) or tert-butyl carbazate [NH;NHCO,C(CHs)s]. In the table, the
variable (n) represents the number of repeating monomeric units and "-C(O)-(IL-2)" represents
the residue of the IL-2 moiety following conjugation to the polymeric reagent. Optionally, the

hydrazone linkage can be reduced using a suitable reducing agent. While each polymeric
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portion [e.g., (OCH2CHy), or (CH,CH,0),] presented in Table 2 terminates in a "CH3" group,
other groups (such as H and benzyl) can be substituted therefor.

Table 2
Carboxyl-Specific Polymeric Reagents and the IL-2 Moiety Conjugate Formed Therefrom
Polymeric Reagent Corresponding Conjugate
]
HyCO~(CH,CH,O),CHCHy~ C~NH-NH, HyCO{CH,CH,0),CH,CH, ~C ~NH=NH-C(O){IL-2)
Hydrazone Linkage
mPEG-Hydrazine Reagents
0O

I
HyCO{CHaCH,0),CH,CH,~ O~ CHy= C~NH=NH, | H3CO-(CHCH0),CHpCHy= O~ CHy~ C—=NH-NH-C(O){(IL-2)
Hydrazone Linkage
mPEG-Hydrazine Reagents

HyCO-(CH,CH,0),CH,CH,—~NH-C—~NH-NH,
HaCO-CH,CH0)CH,CH, ~ NH-C~ NH-NH-C(O)-(IL-2)

mPEG-Hydrazine Reagents
Hydrazone Linkage

0O

H i
HyCO-{ CHyCH,0),CHzCHy~NH-NH-C~NH-NH, HaCO- CH,CH50), CH2CHy ~N—NH-C~ NH=NH-C(O) IL-2)
Hydrazone Linkage
mPEG-Hydrazine Reagents

|
HaCO-(CH,CH,0),CHaCHy=NH-C~NH=NH, | - HyCO~{CH,CH,0)CHZCHy~NH-C~NH-NH-C(O}-(IL-2)

mPEG-Hydrazine Reagents Hydrazone Linkage

I H |
H3CO- CH,CH,0),CH,CH,~NH-NH~C=NH=NH, HyCO- CH,CH0),CHaCHy ~ N—NH- G~ NH-NH-C(O) IL-2)

Hydrazone Linkage
mPEG-Hydrazine Reagents
Il ﬁ) [
HaCO-(CH,CH,0),CHoCHy~NH-C—NH=NH=C-NH=NH, HyCO-CH,CHZ0) CH,CH,— NH- Iclz— NH=NH=C~NH-NH-C{O}(L-2)
mPEG-Hydrazine Reagents _
Hydrazone Linkage

HyCO-(CHpCH,0),CH,CHy~ O—C~NH-NH, | H3CO-(CH,CHyO0) CHyCHy— O C~NH-NH-C(O)-(IL-2)

mPEG-Hydrazine Reagents Hydrazone Linkage
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Polymeric Reagent Corresponding Conjugate

HyCO-{CH,CH,0),CHo~ C~NH-NH,
HsCO{CH4CH50),CH,~C~NH=NH-C—(IL-2)

mPEG-Hydrazine Reagents
C(O)NHNHC(O) Linkage

[0136] Thiol groups contained within the IL-2 moiety can serve as effective sites of
attachment for the water-soluble polymer. In particular, cysteine residues provide thiol groups
when the IL-2 moiety is a protein. The thiol groups in such cysteine residues can then be
reacted with an activated PEG that is specific for reaction with thiol groups, ¢.g., an
N-maleimidyl polymer or other derivative as described in U.S. Patent No. 5,739,208 and in
WO 01/62827. In addition, a protected thiol may be incorporated into an oligosaccharide side

chain of an activated glycoprotein, followed by deprotection with a thiol-reactive water-soluble
polymer.

[0137] Specific examples of reagents, along with the corresponding conjugate, are
provided in Table 3, below. In the table, the variable (n) represents the number of repeating
monomeric units and "-S-(IL-2)" represents the IL-2 moiety residue following conjugation to
the water-soluble polymer. While each polymeric portion [e.g., (OCH2CHy), or (CH2CH,0)s ]
presented in Table 3 terminates in a "CHs" group, other groups (such as H and benzyl) can be

substituted therefor.

[0138] With respect to SEQ ID NOs: 1 and 2 corresponding to exemplary IL-2
moieties, it can be seen that there is a cysteine residue at position 125. Thus, an exemplary
thiol attachment sites is the cysteine located at position 125. Although it is preferred not to
disrupt any disulfide bonds, associated with a given IL-2 moiety, it may be possible to attach a
polymer within the side chain of one or more of these cysteine residues and retain a degree of
activity. In addition, it is possible to add a cysteine residue to the [L-2 moiety using
conventional synthetic techniques. See, for example, the procedure described in WO 90/12874
for adding cysteine residues, wherein such procedure can be adapted for an IL-2 moiety. In
addition, conventional genetic engineering processes can also be used to introduce a cysteine
residue into the IL-2 moiety. In some embodiments, however, it is preferred not to introduce

an additional cysteine residue and/or thiol group.
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Table 3

Thiol-Selective Polymeric Reagents and the [L-2 Moicty Conjugate Formed Therefrom

Polymeric Reagent Corresponding Conjugate
0
S—(L-2)
H3C~(OCH,CH2)y-O-CHaCH, —~N H3C ~{OCHZCHp)rO-CHzCH—N
0 o
mPEG Maleimide Reagent Thioether Linkage
! 0
S—(IL-2)
H3CO~(CH,CH,0)q~ CH,CH,CH—N l HyCO—{CH,CH,0),,— CHaCHCHa—N
© o
mPEG Malcimide Reagent Thioether Linkage
Q. [0}
i 0 Q o S—(L-2)
HyCO(CH,CHy0}), ~C-NH-CHyCHOCH; CHaOCH,CH NH G- CHCH,CHy N [ HaCO— (CHoCH 0}~ C-NH-CHaCHOCH,CHyOCHCHyNH- C CHyCHoCHo N
© o
mPEG Maleimide Reagent i ,
Thioether Linkage
0 0 19 0
(IL-2)—S S—(iL-2)
| N—(CH;CH,0),-CHyCH,—N [ N={CH3CH;0)y-CHaCH——N
o o (¢] o
Homobifunctional mPEG Maleimide Thioether Linkages
Reagent
0 G
Q 0 S—(IL2)
HyC—(OCH,CHy)-O-CH,CH,~NH-C-CH,CHa-N ’ HaC~(OCH3CH )y O-CHp CHy ~NH-C-CHyCHy =N
d o
mPEG Maleimide Reagent . .
& Thioether Linkage
[ 0]
(o]
HoC = (OCHACHz - O-CHCHy L ~NH-GHACHy NH-C-CHCHy N, | I I §7(L-2)
S (OCHCHohO-CH.CI 2 i HaC~ (OCHzCH2)0-CHaCHz - C “NH- CHzCHp~NH- G- CHCHz =N
O
mPEG Maleimide Reagent N
Thioether Linkage
i ’ 3 9 b S+
0 O SANH \ o 7“\ o NH -(IL-2)
v O%N O N P N> ~ NN N
‘6/\ N Té/\/\ f/\o N \g/\/\
0 0
mPEG Maleimide Reagent Thioether Linkage
[o] [0}
Q o S—(L2)
IEJH'CHzCHz'NH'C'CHzCHz—N | NH-CH,CHy~NH-C-CH,CH, ~N
0=C O:é
i E, ¢ 9 dn, ©
HaG(OCH,CH)-0-CHCH,C-NH HC-(OCH G0 EH&HZ_Q,NH_l
: . :
0=<'3 Q 0=C
N T g $—(IL-2)
NH-CH,CHyNH-C-CrCH, N, | NH-CHZCHZ-N**C-CHZCW‘NQ
¢ d
Thioether Linkage

mPEG Forked Maleimide Reagent
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Polymeric Reagent Corresponding Conjugate
9 0
i
H3G-{OCH,CHy)y-O-C-AH HgC'(OCHQCHz),,—O—g-NH
e “,3H2
e GHa
§re o CH,
CHa 0 0 CHy o o
CH B NH-CH,CHpNH- - CHCHy~N | Lo R S=(i-2)
8/ 2T 2T o ﬁ—C~NH—CHZCHZ—NH'C'CHZCHZ—N
HaC{OCH;CH ) O-C-NH o ch'(OCHZCHZ)n—O—gN{-i g
branched mPEG2 Maleimide Reagent Thioether Linkage
O [0
ch-(OCH,CHZ),,—NH-E')o-?H7 o 9 Q HyC-(OCHGH),~NH-G-0-CHy o ° 0
o Hc-OCHchz-CHZ-g-NH-cHchz~NH»g-CH2-cH2—NZj o Hé-ocHzCHaCH;-‘CI-NH'Gmch-NH-gCH,cm~N>S_('L‘2)
H,C-(OCH,CHg),~NH- C-0-CH, ¢ ch-(OCH,CI-lz),,—NH'g'O'CHz o
branched mPEG?2 Maleimide Reagent Thioether Linkage
o
1 f
HaCH(OCHZCH)y-O-C-AlH o R,C-(OCHCH z)n-O£!~r\\lH .
Gz Q CH,
GHa NH-CH,CH-NH-C-CH,CHa~N, | S i S—(1L-2)
L iy N CHACHyNF C-CroCreN
oo Ly o 2  o=C
i 2 Cho ) d
o CH—C-NH-| 29 o
H3C-(OCH;CH,)y-0-C-NH g o 5/’ /C—C—NH
o=t Q HoC+(OCH,CH),O-C-NH G 0
M- CHCHy NH-C-Crgcr N | 0=C o _
| i S—(L-2)
B NH- CH,CH~NH-C-CH,CH, N
Branched mPEG2 Forked Maleimide J
Reagent
Thioether Linkages
g ° o °
'i‘“‘C”’CHfNH‘C‘C“"C”’"”D NHCH,CHyNH-& G, CHy =N s
q =7 ° o=¢
HyCAOCH,CHy)—NH-C-0-CH, ° ‘\3”2 0 a o
Hé»ocH;CH;-CHz-g—cl:H HgC+(OCH; CHy)y ~NH-C-O-CH, g :
HQC'(OCHZCHQ),\—NH'%-O-CHQ ?Hz o HC-0OCH,CH, CH,-C-CH
= 1
¢ i!l-cHchy-NH-E-CHZCHz—Nb HSC‘(OCHicHQ)“"NH-CI_O'CHQ _Q(I:Hz o o,
& 0=¢ 1 >s—(m~z)
NH-CH,CHy-NH-C GH, CHy —N
o
Branched mPEG?2 Forked Maleimide Thioether Linkages
Reagent
S Q
H3C"'(OCHQCHQ)n‘O'CHQCHQ—IS'— CH= CHZ H3C ‘(O CH2C Hz),fO'C H2C Hz" % —C Hz -C H2 -8 '—( |L-2)
O o}
mPEG Vinyl Sulfone Reagent Thioether Linkage
[e]

il
HaC—(OCH,CHy)-0-CH,CHp- C-NH-CHy=CHy—SH

mPEG Thiol Reagent

H@ﬂoau}@ﬁoowC%—&chwmwys—Sﬂba
Disulfide Linkage

I i
HS-CH,GHy-NH-C- CHaCHy— (QCH,CHy),~C-NH CHyCH,~SH

Homobifunctional PEG Thiol Reagent

[e]
Il i
(IL-2) =S 8-CHpChHy"NH-C- CHy CHy = (OCH,CHy)y = C NH-CHp CHy~S-S—(IL-2)

Disulfide Linkages

chO"‘(CHZcHZo)n_CHchchchz'S‘S ) =

H3CO—(CHyCH,0),,—CH2CHyCHLCH, - S-8-+(IL-2)

N. =
mPEG Disulfide Reagent Disulfide Linkage
@—s-s-CHchz—(CHchzo)n—CHchQCHZCHZ-s—s o (IL-2) =88 =CH,CH,—(CHCHZ0),— CHaCHaCHRCHo - 8= S+(1L-2)
=N N~

Homobifunctional Disulfide Reagent

Disulfide Linkages
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10139] With respect to conjugates formed from water-soluble polymers bearing one or
more maleimide functional groups (regardless of whether the maleimide reacts with an amine
or thiol group on the IL-2 moiety), the corresponding maleamic acid form(s) of the
water-soluble polymer can also react with the IL-2 moiety. Under certain conditions (e.g., a pH
of about 7-9 and in the presence of water), the maleimide ring will "open” to form the
corresponding maleamic acid. The maleamic acid, in turn, can react with an amine or thiol
group of an IL-2 moiety. Exemplary maleamic acid-based reactions are schematically shown

below. POLY represents the water-soluble polymer, and (IL-2) represents the IL-2 moiety.

o
POLY s
\N S(L-2)
H
O
0 ¢}
POLY, HO
H.0 \ \ (IL.-2)-SH
2 R s .
— R ot H or
POLY—N oH~7-9 o pH ~ 6.5-7.5
very slow
0 HO 0
Polymer Maleimide Polymer Malcamic Acid POLY\
N
H
o — (2
(IL-2)-NH, pH ~§8-9 HO
very slow
o 0
POLY\ NH-(IL-2) POLY
N
N H
fo) o]
or NH-—(IL-2)
HO HO
[0140] A representative conjugate in accordance with the invention can have the

following structure:
POLY-L, -C(O)Z-Y-S-S-(IL-2)

wherein POLY is a water-soluble polymer, L is an optional linker, Z is a heteroatom selected
from the group consisting of O, NH, and S, and Y is selected from the group consisting of Ca.10
alkyl, C.10 substituted alkyl, aryl, and substituted aryl, and (IL-2) is an IL-2 moiety. Polymeric
reagents that can be reacted with an IL-2 moiety and result in this type of conjugate are

described in U.S. Patent Application Publication No. 2005/0014903.
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[0141] As previously indicated, exemplary conjugates of the invention wherein the
water-soluble polymer is in a branched form, will have the branched form of the water-soluble

polymer comprise the following structure:

0
H3CO-(CH,CH,0),— CHaCHa-NH-C~0

0
I}
H3CO-(CHQC HQO)n"CHQC HQ—NH—C— )

wherein each (n) is independently an integer having a value of from 2 to 4000.

[0142] Exemplary conjugates having a water-soluble polymer in branched form are

prepared using the following reagent:

O,

i
H3C-(OCHZCHz)n—NH-C-O-(I)Hg 0 o
| il
o HC—OCHZCHQ-CHQ-C-NH-CHQCHngH'C»CHQ-CHQ-NZj
1l
HsC-(OCH,CH,),—NH-C-0-CH, o
3
thereby forming a conjugate having the following structure:
?
H3C-(OCH,CH,),~NH-C-0-CH, 0 o 0
I [ il S—(IL-2)
o HC-OCH, CH, CHy~C=NH-CHyCH,~NH-C CHp CHy—N
i
H4C-(OCH;CH,)a~NH-C-0-CH, o

wherein:

(for each structure) each (n) is independently an integer having a value of from 2 to
4000; and

IL-2 is a residue of IL-2 moiety.

[0143] An additional cxemplary conjugate can be formed using a reagent:
o 0
_0 szu\ N/\/O\/\O/\/NH N
»{/\ N TO]/V\
o,

thereby forming a conjugate having the following structure:

o)
O
/O‘e/\ %L /\/o\/\o/\/NH\H/\/\N S-(L-2)
(@] N
n H O
(0]

3

wherein:
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(for each structure) (n) is independently an integer having a value of from 2 to 4000;
and

IL-2 is a residue of IL-2 moiety.

[0144] Conjugates can be formed using thiol-selective polymeric reagents in a number
of ways and the invention is not limited in this regard. For example, the IL-2 moiety

-- optionally in a suitable buffer (including amine-containing buffers, if desired) -- is placed in
an aqueous media at a pH of about 7-8 and the thiol-selective polymeric reagent is added at a
molar excess. The reaction is allowed to proceed for about 0.5 to 2 hours, although reaction
times of greater than 2 hours (e.g., 5 hours, 10 hours, 12 hours, and 24 hours) can be useful if
PEGylation yields are determined to be relatively low. Exemplary polymeric reagents that can
be used in this approach are polymeric reagents bearing a reactive group selected from the
group consisting of maleimide, sulfone (e.g., vinyl sulfone), and thiol (e.g., functionalized

thiols such as an ortho pyridinyl or "OPSS").

[0145] With respect to polymeric reagents, those described here and elsewhere can be
purchased from commercial sources or prepared from commercially available starting
materials. In addition, methods for preparing the polymeric reagents are described in the

literature,

[0146] The attachment between the IL-2 moiety and the non-peptidic water-soluble
polymer can be direct, wherein no intervening atoms are located between the IL-2 moiety and
the polymer, or indirect, wherein one or more atoms are located between the IL-2 moiety and
the polymer. With respect to the indirect attachment, a "spacer moiety" serves as a linker
between the residue of the IL-2 moiety and the water-soluble polymer. The one or more atoms
making up the spacer moiety can include one or more of carbon atoms, nitrogen atoms, sulfur
atoms, oxygen atoms, and combinations thereof. The spacer moiety can comprise an amide,
secondary amine, carbamate, thioether, and/or disulfide group. Nonlimiting examples of
specific spacer moieties include those selected from the group consisting of -O-, -S-, -S-S-,
-C(0)-, -C(0)-NH-, -NH-C(0)-NH-, -O-C(O)-NH-, -C(8)-, -CH,-, -CHz-CH>-,
-CH,-CH,-CH,-, -CH,-CH,-CH,-CH,-, -O-CHy-, -CHj-0-, -O-CH,-CHy-, -CH>-O-CHy-,
-CH,-CH,-O-, -O-CH,-CH,-CH,-, -CH,-0-CH,-CH,-, -CH,-CH-O-CHy-, -CH;-CHy-CH,-O-,
-O-CH,-CH,-CH,-CH;-, -CH,-0O-CH,-CH,-CHj,-, -CH,-CH-0-CH,-CHa-,
-CH,-CH,-CH,-O-CH,-, -CH,-CH;-CH,-CH,-O-, -C(0)-NH-CH,-, -C(0)-NH-CH,-CHo-~,
-CH,-C(0)-NH-CHj;-, -CH,-CH,-C(0)-NH-, -C(O)-NH-CH,-CH,-CH,-,
-CH,-C(0)-NH-CHy-CHj-, -CHy-CH,-C(0)-NH-CH,-, -CH,-CH,-CH-C(O)-NH-,
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-C(0)-NH-CH,-CH,-CH,-CH,-, -CH,-C(0)-NH-CH,-CH;-CH>-,
-CH,-CH,-C(0)-NH-CH,-CH;-, -CH;-CH,-CH,-C(O)-NH-CH;-,
-CH,-CH,-CH,-C(0)-NH-CH,-CH,-, -CH;-CH,-CH,-CH,-C(O)-NH-, -C(0)-0-CHaz-,
-CH,-C(0)-0-CH,-, -CH,-CH,-C(0)-0-CH,-, -C(0)-0O-CH;-CH;-, -NH-C(0)-CHa-,
-CH,-NH-C(0)-CH,-, -CH;-CH,-NH-C(0O)-CH,-, -NH-C(0)-CH,-CH>-,
-CH,-NH-C(0)-CH,-CHj,-, -CH,-CH,-NH-C(0)-CH;-CH,-, -C(O)-NH-CH,-,
-C(0)-NH-CH,-CH;-, -O-C(0)-NH-CHj,-, -O-C(0)-NH-CH;-CH-, -NH-CH,-,
-NH-CH,-CHj-, -CH;-NH-CH;-, -CH,-CH,-NH-CHj,-, -C(0)-CH,-, -C(0O)-CH,-CH,-,
-CH,-C(0)-CHjy-, -CH,-CH;-C(0)-CH,-, -CH,-CH,-C(0)-CH;-CHs-, -CH,-CH,-C(O)-,
-CH,-CH,-CH,-C(0O)-NH-CH,-CH,-NH-, -CH,-CH;-CH;-C(0)-NH-CH,-CH,-NH-C(0O)-,
-CH,-CH,-CH,-C(0)-NH-CH,-CH,-NH-C(O)-CH,-,
-CH,-CH,-CH,-C(0)-NH-CH,-CH,-NH-C(0)-CH,-CH,-, -O-C(0)-NH-[CH,]1-(OCH,CHy);-,
bivalent cycloalkyl group, -O-, -S-, an amino acid, -N(R6)-, and combinations of two or more
of any of the foregoing, wherein R® is H or an organic radical selected from the group
consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
aryl and substituted aryl, (h) is zero to six, and (j) is zero to 20. Other specific spacer moieties
have the following structures: -C(O)-NH-(CHy).6-NH-C(O)-, -NH-C(O)-NH-(CH2):-
¢-NH-C(0)-, and -O-C(0O)-NH-(CHy),.6-NH-C(O)-, wherein the subscript values following
each methylene indicate the number of methylenes contained in the structure, e.g., (CH2)1-6
means that the structure can contain 1, 2, 3, 4, 5 or 6 methylenes. Additionally, any of the
above spacer moieties may further include an ethylene oxide oligomer chain comprising 1 to 20
cthylene oxide monomer units [i.e., -(CH,CH,0)150]. That is, the ethylene oxide oligomer
chain can occur before or after the spacer moiety, and optionally in between any two atoms of a
spacer moicty comprised of two or more atoms. Also, the oligomer chain would not be
considered part of the spacer moiety if the oligomer is adjacent to a polymer segment and

merely represent an extension of the polymer segment.
[0147] Compositions

[0148] The conjugates are typically part of a composition. Generally, the composition
comprises a plurality of conjugates, preferably although not necessarily, each conjugate is
comprised of the same IL-2 moiety (i.e., within the entire composition, only one type of [L-2
moiety is found). In addition, the composition can comprise a plurality of conjugates wherein
any given conjugate is comprised of a moiety selected from the group consisting of two or

more different IL-2 moieties (i.e., within the entire composition, two or more different IL-2
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moieties are found). Optimally, however, substantially all conjugates in the composition (e.g.,
85% or more of the plurality of conjugates in the composition) are each comprised of the same

IL-2 moiety.

[0149] The composition can comprise a single conjugate species (€.g., a
monoPEGylated conjugate wherein the single polymer is attached at the same location for
substantially all conjugates in the composition) or a mixture of conjugate species (¢.g., a
mixture of monoPEGylated conjugates where attachment of the polymer occurs at different
sites and/or a mixture monPEGylated, diPEGylated and triPEGylated conjugates). The
compositions can also comprise other conjugates having four, five, six, seven, eight or more
polymers attached to any given moiety having IL-2 activity. In addition, the invention includes
instances wherein the composition comprises a plurality of conjugates, each conjugate
comprising one water-soluble polymer covalently attached to one IL-2 moiety, as well as
compositions comprising two, three, four, five, six, seven, eight, or more water-soluble

polymers covalently attached to one IL-2 moiety.

[0150] With respect to the conjugates in the composition, the composition will satisfy
one or more of the following characteristics at least ébout 85% of the conjugates in the
composition will have from one to four polymers attached to the IL-2 moiety; at least about
85% of the conjugates in the composition will have from one to three polymers attached to the
IL-2 moicty; at least about 85% of the conjugates in the composition will have from one to two
polymers attached to the IL-2 moiety; at least about 85% of the conjugates in the composition
will have one polymer attached to the IL-2 moiety; at least about 95% of the conjugates in the
composition will have from one to five polymers attached to the IL-2 moiety; at least about
95% of the conjugates in the composition will have from one to four polymers attached to the
IL-2 moiety; at least about 95% of the conjugates in the composition will have from one to
three polymers attached to the IL-2 moiety; at least about 95% of the conjugates in the
composition will have from one to two polymers attached to the IL-2 moiety; at least about
95% of the conjugates in the composition will have one polymer attached to the IL-2 moiety; at
least about 99% of the conjugates in the composition will have from one to five polymers
attached to the IL-2 moiety; at least about 99% of the conjugates in the composition will have
from one to four polymers attached to the IL-2 moiety; at least about 99% of the conjugates in
the composition will have from one to three polymers attached to the 1L-2 moiety; at least
about 99% of the conjugates in the composition will have from one to two polymers attached to

the IL-2 moiety; and at least about 99% of the conjugates in the composition will have one
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polymer attached to the IL-2 moiety. It is understood that a reference to a range of polymers,
e.g., "from x to y polymers," contemplates a number of polymers x to y inclusive (that is, for
example, "from onc to three polymers" contemplates one polymer, two polymers and three

polymers, "from one to two polymers" contemplates one polymer and two polymers, and so
forth).

[0151] In one or more embodiments, it is preferred that the conjugate-containing
composition is free or substantially free of albumin. It is also preferred that the composition is
free or substantially free of proteins that do not have IL-2 activity. Thus, it is preferred that the
composition is 85%, more preferably 95%, and most preferably 99% free of albumin.
Additionally, it is preferred that the composition is 85%, morc preferably 95%, and most
preferably 99% free of any protein that does not have IL-2 activity. To the extent that albumin
is present in the composition, exemplary compositions of the invention are substantially free of

conjugates comprising a poly(ethylene glycol) polymer linking a residue of an IL-2 moiety to

albumin.

[0152] In the PROLEUKIN® brand of aldesleukin (available from Prometheus Laboratories
Laboratories Inc., San Diego CA), IL2 is provided in combination with sodium dodecy! sulfate -
("SDS"). In contrast, the compositions of the present invention advantageously may not require
SDS and are therefore free (or substantially) free of SDS as well as detergents generally (e.g., the
TWEEN® 20 and TWEEN® 80 brands of polysorbate). Consequently, the compositions and
conjugates of the present invention can be prepared without performing a step of adding SDS,
TWEEN® 20, and TWEEN® 80. In addition, the compositions and conjugates of the present
invention can be prepared without performing the step of adding a detergent or other excipient.
Furthermore, the compositions of the present invention are free or substantially free (e.g., less’

than about 20%, more preferably less than about 15%, still more preferably less than about 10%,
yet still more preferably less than about 9%, yet still more preferably less than about 8%, yet still
more preferably less than about 7%, yet still more preferably less than about 6%, yet still more
preferably less than about 5%, yet still more preferably less than about 4%, yet still more
preferably less than about 3%, yet still more preferably less than about 2%, yet still more
preferably less than about 1%, yet still more preferably less than about 0.5%, with less than
0.001% being most preferred) of detergents such as SDS, the TWEEN® 20, and TWEEN® 80.
In addition, the compositions and conjugates of the present invention can be prepared without

performing the step of removing (by, for example, ultra-filtration) detergents such as SDS, the
TWEEN® 20, and TWEEN® 80. Furthermore, the
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compositions and conjugates of the present invention can be prepared without performing the

step of removing (by, for example, ultra-filtration) a detergent.

[0153] Control of the desired number of polymers for any given moiety can be achieved
by selecting the proper polymeric reagent, the ratio of polymeric reagent to the IL-2 moiety,
temperature, pH conditions, and other aspects of the conjugation reaction. In addition,
reduction or elimination of the undesired conjugates (e.g., those conjugates having four or more

attachedpolymers) can be achieved through purification means,

[0154] For example, the polymer-IL-2 moiety conjugates can be purified to
obtain/isolate different conjugated species. Specifically, the product mixture can be purified to
obtain an average of anywhere from one, two, three, four, five or more PEGs per IL-2 moiety,
typically one, two or three PEGs per IL-2 moiety. The strategy for purification of the final
conjugate reaction mixture will depend upon a number of factors, including, for example, the
molecular weight of the polymeric reagent employed, the particular IL-2 moiety, the desired

dosing regimen, and the residual activity and in vivo properties of the individual conjugate(s).

[0155] If desired, conjugates having different molecular weights can be isolated using
gel filtration chromatography and/or ion exchange chromatography. That is to say, gel
filtration chromatography is used to fractionate differently numbered polymer-to- IL-2 moiety
ratios (e.g., 1-mer, 2-mer, 3-mer, and so forth, wherein "1-mer" indicates 1 polymer to IL-2
moiety, "2-mer" indicates two polymers to IL-2 moiety, and so on) on the basis of their
differing molecular weights (where the difference corresponds essentially to the average
molecular weight of the water-soluble polymer portion). For example, in an exemplary
reaction where a 35,000 Dalton protein is randomly conjugated to a polymeric reagent having a
molecular weight of about 20,000 Daltons, the resulting reaction mixture may contain
unmodified protein (having a molecular weight of about 35,000 Daltons), monoPEGylated
protein (having a molecular weight of about 55,000 Daltons), diPEGylated protein (having a
molecular weight of about 75,000 Daltons), and so forth.

[0156] While this approach can be used to separate PEG and other polymer-IL-2 moiety
conjugates having different molecular weights, this approach is generally ineffective for
separating positional isoforms having different polymer attachment sites within the IL-2
moiety. For example, gel filtration chromatography can be used to separate from each other

mixtures of PEG 1-mers, 2-mers, 3-mers, and so forth, although cach of the recovered
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conjugate compositions may contain PEG(s) attached to different reactive groups (e.g., lysine

residues) within the IL-2 moiety.

[0157] Gel filtration columns suitable for carrying out this type of separation include
Superdex™ and Sephadex™ columns available from Amersham Biosciences (Piscataway, NJ).
Selection of a particular column will depend upon the desired fractionation range desired.
Elution is generally carried out using a suitable buffer, such as phosphate, acetate, or the like.
The collected fractions may be analyzed by a number of different methods, for example, (i)
absorbance at 280 nm for protein content, (ii) dye-based protein analysis using bovine serum
albumin (BSA) as a standard, (iii) iodine testing for PEG content (Sims et al. (1980) Anal.
BiollL-2m, 107:60-63), (iv) sodium dodecy! sulfate polyacrylamide gel electrophoresis (SDS
PAGE), followed by staining with barium iodide, and (v) high performance liquid
chromatography (HPLC).

[0158] Separation of positional isoforms is carried out by reverse phase
chromatography using a reverse phase-high performance liquid chromatography (RP-HPLC)
using a suitable column (e.g., a C18 column or C3 column, available commercially from
companies such as Amersham Biosciences or Vydac) or by ion exchange chromatography
using an ion exchange column, e.g., a Sepharose™ ion exchange column available from
Amersham Biosciences. Either approach can be used to separate polymer-active agent isomers

having the same molecular weight (i.e., positional isoforms).

[0159] The compositions are preferably substantially free of proteins that do not have
IL-2 activity. In addition, the compositions preferably are substantially free of all other
noncovalently attached water-soluble polymers. In some circumstances, however, the
composition can contain a mixture of polymer- IL-2 moiety conjugates and unconjugated [L.-2

moiety.

[0160] Optionally, the composition of the invention further comprises a
pharmaceutically acceptable excipient. If desired, the pharmaceutically acceptable excipient

can be added to a conjugate to form a composition.

[0161] Exemplary excipients include, without limitation, those selected from the group
consisting of carbohydrates, inorganic salts, antimicrobial agents, antioxidants, surfactants,

buffers, acids, bases, amino acids, and combinations thereof.

[0162] A carbohydrate such as a sugar, a derivatized sugar such as an alditol, aldonic

acid, an esterified sugar, and/or a sugar polymer may be present as an excipicnt. Specific
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carbohydrate excipients include, for example: monosaccharides, such as fructose, maltose,
galactose, glucose, D-mannose, sorbose, and the like; disaccharides, such as lactose, sucrose,
trehalose, cellobiose, and the like; polysaccharides, such as raffinose, melezitose,
maltodextrins, dextrans, starches, and the like; and alditols, such as mannitol, xylitol, maltitol,

lactitol, xylitol, sorbitol (glucitol), pyranosyl sorbitol, myoinositol, cyclodextrins, and the like.

[0163] The excipient can also include an inorganic salt or buffer such as citric acid,
sodium chloride, potassium chloride, sodium sulfate, potassium nitrate, sodium phosphate

monobasic, sodium phosphate dibasic, and combinations thereof,

[0164] The composition can also include an antimicrobial agent for preventing or
deterring microbial growth. Nonlimiting examples of antimicrobial agents suitable for one or
more embodiments of the present invention include benzalkonium chloride, benzethonium
chloride, benzyl alcohol, cetylpyridinium chloride, chlorobutanol, phenol, phenylethyl alcohol,

phenylmercuric nitrate, thimersol, and combinations thereof.

[0165] An antioxidant can be present in the composition as well. Antioxidants are used
to prevent oxidation, thereby preventing the deterioration of the conjugate or other components
of the preparation. Suitable antioxidants for use in one or more embodiments of the present
invention include, for example, ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, hypophosphorous acid, monothioglycerol, propyl gallate, sodium bisulfite,

sodium formaldehyde sulfoxylate, sodium metabisulfite, and combinations thereof.

[0166] A surfactant can be present as an excipient. Exemplary surfactants include: polysorbates,
such as TWEEN® 20 and the "TWEEN® 80, and PLURONIC® surfactants such as F68 and F88

(both of which are available from BASF, Mount Olive, New Jersey); sorbitan esters; lipids, such
as phospholipids such as lecithin and other phosphatidylcholines, phosphatidylethanolamines

(although preferably not in liposomal form), fatty acids and fatty esters; steroids, such as

cholesterol; and EDTA, zinc and other such suitable cations.

[0167] Acids or bases can be present as an excipient in the composition, Nonlimiting
examples of acids that can be used include those acids selected from the group consisting of
hydrochloric acid, acetic acid, phosphoric acid, citric acid, malic acid, lactic acid, formic acid,
trichloroacetic acid, nitric acid, perchloric acid, phosphoric acid, sulfuric acid, fumaric acid,
and combinations thereof. Examples of suitable bases include, without limitation, bases
selected from the group consisting of sodium hydroxide, sodium acetate, ammonium

hydroxide, potassium hydroxide, ammonium acetate, potassium acetate, sodium phosphate,
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potassium phosphate, sodium citrate, sodium formate, sodium sulfate, potassium sulfate,

potassium fumerate, and combinations thereof,

[0168] One or more amino acids can be present as an excipient in the compositions

described herein. Exemplary amino acids in this regard include arginine, lysine and glycine.

[0169] The amount of the conjugate (i.e., the conjugate formed between the active
agent and the polymeric reagent) in the composition will vary depending on a number of
factors, but will optimally be a therapeutically cffective dose when the composition is stored in
a unit dose container (e.g., a vial). In addition, the pharmaceutical preparation can be housed in
a syringe. A therapeutically effective dose can be determined experimentally by repeated
administration of increasing amounts of the conjugate in order to determine which amount

produces a clinically desired endpoint.

[0170] The amount of any individual excipient in the composition will vary depending
on the activity of the excipient and particular needs of the composition. Typically, the optimal
amount of any individual excipient is determined through routine experimentation, i.e., by
preparing compositions containing varying amounts of the excipient (ranging from low to
high), examining the stability and other parameters, and then determining the range at which

optimal performance is attained with no significant adverse effects.

[0171] Generally, however, the excipient will be present in the composition in an
amount of about 1% to about 99% by weight, preferably from about 5% to about 98% by
weight, more preferably from about 15 to about 95% by weight of the excipient, with

concentrations less than 30% by weight most preferred.

[0172] These foregoing pharmaceutical excipients along with other excipients are
described in "Remington: The Science & Practice of Pharmacy", 19™ ed., Williams &
Williams, (1995), the "Physician's Desk Reference", 52" ed., Medical Economics, Montvale,
NJ (1998), and Kibbe, A.H., Handbook of Pharmaceutical Excipients, 3™ Edition, American
Pharmaceutical Association, Washington, D.C., 2000.

[0173] The compositions encompass all types of formulations and in particular those
that are suited for injection, e.g., powders or lyophilates that can be reconstituted as well as
liquids. Examples of suitable diluents for reconstituting solid compositions prior to injection
include bacteriostatic water for injection, dextrose 5% in water, phosphate-buffered saline,
Ringer's solution, saline, sterile water, deionized water, and combinations thereof. With

respect to liquid pharmaceutical compositions, solutions and suspensions are envisioned.
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[0174] The compositions of one or more embodiments of the present invention are
typically, although not necessarily, administered via injection and are therefore generally liquid
solutions or suspensions immediately prior to administration. The pharmaceutical preparation
can also take other forms such as syrups, creams, ointments, tablets, powders, and the like.
Other modes of administration are also included, such as pulmonary, rectal, transdermal,
transmucosal, oral, intrathecal, intratumorally, peritumorally, intraperitonally, subcutaneous,

intra-arterial, and so forth.

[0175] The invention also provides a method for administering a conjugate as provided
herein to a patient suffering from a condition that is responsive to treatment with conjugate.
The method comprises administering to a patient, generally via injection, a therapeutically
effective amount of the conjugate (preferably provided as part of a pharmaceutical
composition). As previously described, the conjugates can be injected (e.g., intramuscularly,
subcutaneously and parenterally). Suitable formulation types for parenteral administration
include ready-for-injection solutions, dry powders for combination with a solvent prior to use,
suspensions ready for injection, dry insoluble compositions for combination with a vehicle
prior to use, and emulsions and liquid concentrates for dilution prior to administration, among

others.

[0176] The method of administering the conjugate (preferably provides as part of a
pharmaceutical composition) can optionally be conducted so as to localize the conjugate to a
specific area. For example, the liquid, gel and solid formulations comprising the conjugate
could be surgically implanted in a diseased area (such as in a tumor, near a tumor, in an
inflamed area, and near an inflamed area). Conveniently, organs and tissue can also be imaged

in order to ensure the desired location is better exposed to the conjugate.

[0177] The method of administering may be used to treat any condition that can be
remedied or prevented by administration of the conjugate. Those of ordinary skill in the art
appreciate which conditions a specific conjugate can effectively treat. For example, the
conjugates can be used either alone or in combination with other pharmacotherapy to treat
patients suffering from a malady selected from the group consisting of renal cell carcinoma,
metastatic melanoma, hepatitis C virus (HCV), human immunodeficiency virus (HIV), acute
myeloid leukemia, non-Hodgkin's lymphoma, cutaneous T-cell lymphoma, juvenile rheumatoid
arthritis, atopic dermatitis, breast cancer and bladder cancer. Advantageously, the conjugate
can be administered to the patient prior to, simultaneously with, or after administration of

another active agent.
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[0178] The actual dose to be administered will vary depending upon the age, weight,
and general condition of the subject as well as the severity of the condition being treated, the
judgment of the health care professional, and conjugate being administered. Therapeutically
effective amounts are known to those skilled in the art and/or arc described in the pertinent
reference texts and literature. Generally, a therapeutically effective amount will range from
about 0.001 mg to 100 mg, preferably in doses from 0.01 mg/day to 75 mg/day, and more
preferably in doses from 0.10 mg/day to 50 mg/day. A given dose can be periodically
administered up until, for example, symptoms of organophosphate poisoning lessen and/or are

eliminated entirely.

[6179] The unit dosage of any given conjugate (again, preferably provided as part of a
pharmaceutical preparation) can be administered in a variety of dosing schedules depending on
the judgment of the clinician, needs of the patient, and so forth. The specific dosing schedule
will be known by those of ordinary skill in the art or can be determined experimentally using
routine methods. Exemplary dosing schedules include, without limitation, administration once
daily, three times weekly, twice weekly, once weekly, twice monthly, once monthly, and any
combination thereof. Once the clinical endpoint has been achieved, dosing of the composition

is halted.

[0180] It is to be understood that while the invention has been described in conjunction
with the preferred specific embodiments thereof, that the foregoing description as well as the
examples that follow are intended to illustrate and not limit the scope of the invention. Other
aspects, advantages and modifications within the scope of the invention will be apparent to

those skilled in the art to which the invention pertains.

[0181]

EXPERIMENTAL

[0182) The practice of the invention will employ, unless otherwise indicated,
conventional techniques of organic synthesis, biochemistry, protein purification and the like,
which are within the skill of the art. Such techniques are fully explained in the literature. See,
for example, J. March, Advanced Organic Chemistry: Reactions Mechanisms and Structure,
4th Ed. (New York: Wiley-Interscience, 1992), supra.
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{0183] In the following examples, efforts have been made to ensure accuracy with
respect to numbers used (e.g., amounts, temperatures, etc.) but some experimental error and
deviation should be taken into account. Unless indicated otherwise, tomperature is in degroes
C and pressure is at or near atmospheric pressure at sea level. Each of the following examples
is considered to be instructive to one of ordinary skill in the art for carrying out one or more of

the embodiments described herein.

[0184)] An aqueous solution ("stock solution") comprising recombinant IL-2 ("rIL-2")
corresponding to the amino acid sequence of SEQ ID NO: 3, the mature protein sequence was
obtained from Myoderm (Norristown PA) for use in the examples or was prepared in
accordance with Example 1. The concentration of the stock solution varied between 1 and 100
mg/mL.

10185] SDS-PAGE analysis

[0186] Samples were analyzed by sodiuin dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) using the Invitrogen NUPAGE® system and
NOVEX™ 4-10% Bis-Tris pre-cast gels (Invitrogen, Carlsbad, CA). Samples were
prepared, loaded on the gel and electrophoresis performed as described by the

manufacturer.
[0187] Cation Exchange Chromatography
[0188] A SP-HP sepharose (GE Healthcare) cation exchange column with a bed

volume of approximately 100 ml was prepared using standard methods. The
column was connected to a GE Healthcare (Chalfont St. Giles, UK) AKTAexplorer™

to purify the prepared PEG-rIL-2 conjugates. Details for the purification process are
described below.

[0189] RP-HPLC Analysis

[0190] Reversed-phase chromatography (RP-HPLC) analysis was performed on
an Agilent (Santa Clara, CA) 1100 HPLC system. Samples were analyzed using a Silverton
(Japan) Intrada WP-RP column (3 um particle size, 2.1 X 150 mm). The flow rate of the
column was 0.5 ml/min. The mobile phases were 0.09% TFA in water (solvent A) and 0.04%

TFA in acetonitrile (solvent B).
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Example 1
Cloning of the 1L.-2 Gene and Expression of r1L-2

[0191] The human IL-2 ¢cDNA sequence may not be optimally expressed in prokaryotes
like E. coli due to significant differences in the codon usage of the different organisms. Instead
of doing many point mutations to the existing human-derived cDNA sequence to maximize £,

coli codon usage, a PCR technique was employed to fully synthesize the gene.

[0192] The method for synthesizing the gene from overlapping primers was essentially
a combination of two methods with minor modifications. A basic discussion of each individual
method is provided in Young et al. (2004) Nucleic Acids Research 32(7):€59 and Devlin et al.
(1988) Gene 65:13-22. Briefly, the DNA sequence was divided into forward and reverse
oligonucleotides of less than 35 bp with a few exceptions and there were no gaps between the
oligonucleotides. Each oligonucleotide overlapped the two adjacent ones on the opposite
strand by at least 10 nucleotides at the 3' ends and at least 15 nucleotides at the 5' ends. Dual
asymmetric PCR was used to assemble sub-fragments of the gene and these were combined to
assemble the entire gene using overlap extension PCR. A T7 endonuclease I selection step
was then used to remove mismatched duplexes as described by Young et. al. See Young et al.
(2004) Nucleic Acids Research 32(7):€59. Restriction enzyme sites were included at the gene
termini and the final gene fragment was cloned into a commercially available expression vector
for E. coli. DNA sequence analysis was used to confirm the sequence obtained as shown in

FIG. 1 and SEQ ID NO: 3.

[0193] Using this approach, the amino acid sequence excludes amino acid position #1
(alanine) as compared to the native mature human sequence and includes a C — S amino acid
mutation at amino acid position #125 for the sequence as shown. The first amino acid in this
scquence is a methionine for direct bacterial expression (no signal peptide encoded). Upon

expression, however, the initial methionine is removed by host methionine amino peptidase.

[0194] The gene was cloned into one of the pET (T7) expression vectors. The protein
was expressed in the E. coli strain BL21(DE3), one of the strains typically used for the T7
expression system. This expression system is available commercially and the methods for
expression are available from EMD Biosciences, Merck KGaA, Darmstadt, Germany. The use
of this system was done under a research license from the Brookhaven National Laboratory.

The vector resulted in the protein being expressed as inclusion bodies in E. coli. Typical
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recipes used for expression can be found in the literature and in Protein Production by Auto-
Induction in High-Density Shaking Cultures, by F. William Studier, Biology Department,
Brookhaven National Laboratory, Upton, NY 11973 (December 20, 2007).

[0195] Following fermentation, the cells were harvested by centrifugation. The cell

mass pellet was stored at -80 °C for future homogenization. The frozen cell mass pellet was
re-suspended in cell wash buffer (50mM Tris, SmM EDTA, pHS.0) to a concentration of 10%
(W/V) and centrifuged at 13860 x g for 30 minutes. The supernatant was discarded. The

washed pellet was re-suspended in homogenization buffer (SOmM Tris, SmM EDTA, ImM
PMSF, pH8.0) and homogenized by a MICROFLUIDIZER® (M-110P from Microfluidics, Newton,
Massachusetts, USA) at 4-15 °C for one pass. The homogenate was diluted 2-fold using cell

wash buffer (S0mM Tris, SmM EDTA, pH8.0) and centrifuged at 13860 x g for 60 minutes.

The supernatant was discarded. The inclusion body pellet was washed in three steps using

buffers sequentially of 50mM Tris, SmM EDTA, 2% TRITON™ X-100, pH8.0; 50mM Tris, 5SmM
EDTA, 1% sodium deoxycholate, pH8.0; and S0mM Tris, SmM EDTA, 1M NaCl, pHS.0.

After washing, the crude IL-2 inclusion bodies were obtained.

[0196] The crude IL-2 inclusion bodies were dissolved into 6M guanidine, 100mM
Tris, pH8 buffer. EDTA was added to final concentration 2mM. Dithiothreitol (DTT) was
then added to final concentration 50mM. The mixture was incubated at 50°C for 30 minutes.
After reduction, water was added to the mixture to reduce guanidine concentration to 4.8.
After one hour of centrifuging at 13860 x g, the resulting gel-like pellet was discarded. The
guanidine concentration in the supermatant was further reduced to 3.5M by adding water. The
pH was adjusted to 5 with titration of 100% acetic acid. The mixture was incubated at room
temperature for 60 minutes and centrifuged at 13860 x g for one hour. The resulting pellet was
suspended into 3.5M guanidine, 20mM acetate, 5SmM DTT, pH 5 buffer and centrifuged at

13860 x g for one hour. This washing step was repeated one more time.

[0197] The clean and reduced IL-2 inclusion bodies were dissolved into 6M guanidine,
100mM Tris pH8 buffer. 100mM CuCl, stock was added to reach a final Cu®* concentration

0.ImM. The mixture was incubated at 4°C overnight.

[0198] Another embodiment of the invention is directed to an improved method of
allowing proteins to obtain tertiary structure. In this regard, previous methods often relied
upon step dilution, which is often harsh to proteins. Thus, in an improved approach to allow

for the folding of proteins under more gentle conditions, a method is provided wherein the
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method comprises the step of placing an expressed protein (e.g., an IL-2 moiety, such as 1L-2
prepared in accordance with this example) within a dialysis bag having a pore size less than the
size of the expressed protein, and adding (preferably over several hours, e. g., over 6 hours,
more preferably over 10 hours, and still more preferably over 15 hours) a protein denaturant-
free solution (e.g., water). Exemplary protein denaturant-free solutions are recognized to those
of ordinary skill in the art and include, for example, solutions (e. g., buffers and water) that lack
(or substantially lack) guanidine, urea, lithium perchlorate, 2-mercaptoethanol, dithiothreitol
and detergents. Thus, in accordance with this method, the expressed IL-2 solution was put into
dialysis bags (having a molecular weight pore size of 3.5 kiloDaltons). The dialysis bags were
put into a reservoir containing 4.8M guanidine, 0.1M Tris, pHS buffer. After three hours
equilibration, the guanidine concentration in the reservoir was slowly reduced to 2M by
pumping water into the reservoir over a period of 15 hours. The entire refolding process was

completed at 4°C. The refolded 1L-2 was checked with SEC-HPLC.

[0199] The refolded IL-2 was centrifuged at 13860 x g for 60 minutes to remove
precipitates. The supernatant was concentrated with PELLICON® XL TFF membrane system

(Millipore Corporation, USA).

[0200] The refolded and concentrated IL-2 was loaded on a BPG column (GE

Healthcare Bio-Sciences AB, Uppsala Sweden) packed with SEPHACRYL® S-100 HR resin. The
running buffer was 2M guanidine, 20mM Tris pH8 and flow rate was 25 mL/min. The

fractions under the IL-2 monomer peak were pooled. It should be noted that other suitable
purification methods may also be employed, such as ion exchange chromatography and

hydrophobic interaction chromatography (HIC chromatography).

[0201] The IL-2 monomer fraction pool was concentrated to about 1-2 mg/mL using
Pellicon XL TFF membrane system (Millipore Corporation, USA) at 4 °C and 30-40 psi
operation pressure. The concentrated IL-2 monomer solution was dialyzed into final
formulation buffer (10mM acetate-Na, 5% trehalose, pH 4.5) to bring down the guanidine
concentration lower than 0.1 mM by changing the formulation buffer several times (4-5 times
in normal). The formulated 1L-2 solution was rendered sterile by passing a 0.22 um filter and

stored in -80 °C for further usc.
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Example 2
PEGylation of rIL-2 with mPEG2-C2-fmoc-20K-NHS

mMPEG,-C2-fome-20K-N-Hydroxysuccinimide Derivative, 20kDa, ("mPEG2-C2-fmoc-
20K-NHS™)

[0202] mPEG2-C2-fimoc-20K-NHS, stored at -80 °C under argon, was warmed to
ambient temperature under nitrogen purging. A stock solution (200 mG/mL) of mPEG2-C2-
fmoc-20K-NHS was prepared in 2 mM HCI, and mPEG2-C2-fmoc-20K-NHS was added to the
rIL-2 in an amount sufficient to reach a molar ratio of mPEG,-C2-fmoc-20K-NHS to rIL-2 of
100:1. The final concentration of rIL.-2 in the mixture was 0.5 mG/mL (0.035 mM). Sodium
bicarbonate buffer (1 M, pH 9.0) was added to the mixture to reach a final concentration of 20
mM, and conjugation was allowed to proceed for thirty minutes to provide [mPEG2-C2-fmoc-
20K ]-[rIL-2] conjugates. After thirty minutes, quenching was achieved by adding 1 M glycine
(pH 6.0) to the reaction mixture to achieve a final concentration of 100 mM. The quenched
reaction mixture was then diluted with H,O to pfovide a conductivity below 0.5 mS/cm

(25 °C). The pH was adjusted to 4.0 using glacial acetic acid prior to column chromatography

purification.

[0203] A typical cation exchange chromatography purification profile of [mPEG2-C2-
fmoc-20K]-[rIL-2] is provided in FIG. 2.1. The [mPEG2-C2-fmoc-20K]-[rIL-2] and unreacted
PEG are indicated and the lincs correspond to absorbance at various wavelengths (e.g., 280 nm
and 225 nm). Purity analysis of [mPEG2-C2-fmoc-20K]-[rIL-2] by reverse phase HPLC
analysis detected purity of the purified conjugate of 100% at 280 nm. See FIG. 2.2. Purity
was not less than 95% as determined by 4-12% NUPAGE® Bis-Tris SDS-PAGE gel with

Coomassie Blue Staining (gel not shown) with 20 pg of the purified [mPEG2-C2-fmoc-20K]-
[rIL-2]. The apparent large molecular weight of the conjugate, higher than 200 kDa, was
belicved to be the result of the slow mobility of the conjugate through the gel due to a high
degree of PEG hydration and resulting relatively large hydrodynamic radius. Through these

tests, it was confirmed that three conjugates were produced: a 4-mer, 3-mer, 2-mer and 1-mer,
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i.e., a [MPEG2-C2-fmoc-20K]-[rIL-2] in which four "[mPEG2-C2-fimoc-20K]" are attached to
a single "[rIL-2]" for a 4-mer, three "[mPEG2-C2-fmoc-20K]" are attached to a single "[rIL-2]"
for a 3-mer, two "[MPEG2-C2-fmoc-20K]" are attached to a single [rIL-2] for a 2-mer, and one
"[mPEG2-C2-fmoc-20K]" attached to a single [rIL-2] for a 1-mer.

[0204] The releasable nature of [mPEG2-C2-fmoc-20K]-[r][.-2] to liberate rIL-2 was
shown by detecting the change of species with reverse phase HPLC. Briefly, purified [mPEG2-
C2-fmoc-20K]-[rIL-2] was incubated in 100 mM NaHCO; solution, at pH 9.0, 37 °C, for
several hours. Periodically, aliquots of the system were obtained and tested to detect the
disappearance of [mPEG2-C2-fmoc-20K]-[rIL-2] conjugate and the presence of liberated riL-2.
The appearance of rIL-2 plateaued around ten hours after incubation, with a gradual decrease

possibly due to precipitation. Data is provided in FIG 2.3.

Example 3
PEGyvlation of rIL-2 with mPEG2-CAC-fmoc-20K-NHS

H
m-peco” >0

0.0 i N/\/OPEG-m

H
0o Q

|
g7 0—N

0
mPEG2-CAC-fmoc-20K-N-Hydroxysuccinimide Derivative, 20kDa, ("mPEG2-CAC-fmoc-

20K-NHS")

[0205] mPEG2-CAC-fimoc-20K-NHS, stored at -80 °C under argon, was warmed to
ambient temperature under nitrogen purging. A stock solution (200 mG/mL) of mPEG2-CAC-
fmoc-20K-NHS was prepared in 2 mM HCI, and mPEG2-CAC-fimoc-20K-NHS was added to
the rIL-2 in an amount sufficient to reach a molar ratio of mPEG2-CAC-fmoc-20K-NHS to
rIL-2 of 100:1. The final concentration of rIL-2 in the mixture was 0.5 mG/mL (0.035 mM).
Sodium bicarbonate buffer (1 M, pH 9.0) was added to the mixture to reach a final
concentration of 20 mM, and conjugation was allowed to proceed for thirty minutes to provide
[mPEG2-CAC-fmoc-20K]-[rIL-2] conjugates. After thirty minutes, quenching was achieved
by adding 1 M glycine (pH 6.0) to the reaction mixture to achieve a final concentration of 100
mM. The quenched reaction mixture was then diluted with H,O to provide a conductivity
below 0.5 mS/cm (25 °C). The pH was adjusted to 4.0 using glacial acetic acid prior to column

chromatography purification.
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[0206] A typical cation exchange chromatography purification profile of [mPEG2-
CAC-fmoc-20K]-[rIL-2] is provided in FIG. 3.1. The [mPEG2-CAC-fmoc-20K]-[rIL-2] is
indicated and the lines correspond to absorbance at various wavelengths. Purity analysis of
[mPEG2-CAC-fmoc-20K]-[rIL-2] by reverse phase HPLC analysis detected purity of the
purified conjugate of 98.5% at 280 nm. The peak at 19.6 minutes represents unreacted
mPEG2-CAC-fmoc-20K-NHS (which constituted <0.1%). See FIG. 3.2. Purity was not less
than 95% as determined by 4-12% NUPAGE® Bis-Tris SDS-PAGE gel with Coomassie Blue
Staining (gel not shown) with 20 pg of the purified [mPEG2-CAC-fmoc-20K]-[rIL-2]. The
apparent large molecular weight of the conjugate, higher than 200 kDa, was believed to be the
result of the slow mobility of the conjugate through the gel due to a high degree of PEG
hydration. The molecular weight of purified [mPEG2-CAC-fmoc-20K]-[rIL-2] conjugates was
also determined by MALDI-TOF spectrophotometry. As seen in FIG 3.3, the major peak at
79.6 kDa 1s within the expected i'ange for the molecular weight of the 3-mer [mPEG2-CAC-
tmoc-20K]-[rIL-2] conjugate. The peak at 100.8 kDa is within the cxpected range for the
molecular weight of the 4-mer [mPEG2-CAC-fmoc-20K]-[rIL-2]. The peaks with MW 40 kDa
and 58.7 kDa may represent doubly charged 3-mer IL-2 conjugate and 4-mer IL-2 conjugates.

Example 4

PEGylation of rlL.-2 with Branched mPEG-N-Hvydroxysuccinimidyl Derivative, 20kDa

0]

0
HaC{- OCH,CHo-NH-C-0 q
e }OCHQCHQCHfC—O—N

il
Hac\LOCHZCHz)n-NH—C—o Y

mPEG2-ru-20K-N-Hydroxylsuccinimidy! Derivative, 20kDa, ("mPEG2-ru-20K-NHS")

[0207] mPEG2-ru-20K-NHS, stored at -80 °C under argon, was warmed to ambient
temperature under nitrogen purging. A stock solution (200 mG/mL) of mPEG2-ru-20K-NHS
was prepared in 2 mM HCI, and mPEG2-ru-20K-NHS was added to the rIL-2 in an amount
sufficient to reach a molar ratio of mPEG2-ru-20K-NHS to rIL-2 of 100:1. The final
concentration of rIL-2 in the mixture was 0.5 mG/mL (0.035 mM). Sodium bicarbonate buffer
(1 M, pH 9.0) was added to the mixture to reach a final concentration of 20 mM, and

conjugation was allowed to proceed for thirty to provide [mPEG2-ru-20K]-[rIL-2] conjugates.
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After thirty minutes, quenching was achieved by adding 1 M glycine (pH 6.0) to the reaction
mixture to achieve a final concentration of 100 mM. The quenched reaction mixture was then
diluted with H,O to provide a conductivity below 0.5 mS/cm (25 °C). The pH was adjusted to

4.0 using glacial acetic acid prior to column chromatography purification.

[0208] A typical cation exchange chromatography purification profile of [mPEG2-ru-
20K]-[rIL-2] is provided in FIG. 4.1. The [mPEG2-ru-20K]-[rIL-2] and unreacted
mPEG2-ru-20K-NHS are indicated and the lines correspond to absorbance at various

wavelengths (e.g., 280 nm and 225 nm). Purity analysis of [mPEG2-ru-20K]-[rIL-2] by reverse
phase HPLC analysis detected purity of the purified conjugate of 100% at 280 nm. See

FIG. 4.2. Purity was not less than 95% as determined by 4-12% NUPAGE® Bis-Tris SDS-PAGE
gel with Coomassie Blue Staining (gel not shown) with 20 pg of purified [mPEG2-ru-20K]-
[rIL-2]. The apparent large molecular weight of the conjugate, higher than 200 kDa, was a

result of the slow mobility of the conjugate through the gel due to a high degree of PEG

hydration.

Example 5

PEGylation of xIL-2 with Branched mPEG-N-Hydroxysuccinimidyl Derivative, 40kDa

0

o)
HaCHOCH,CHo}~NH-C-0 0
I
"o }OCHQCHgCHZ—C—O—N

H3C-+0CH,CHy -NH-C-0 J
n

mPEG2-ru-40K-N-Hydroxylsuccinimidyl Derivative, 40kDa, ("mPEG2-ru-40K-NHS")

[0209] mPEG2-ru-40K-NHS, stored at -80 °C under argon, was warmed to ambient
temperature under nitrogen purging. A stock solution (200 mG/mL) of mPEG2-ru-40K-NHS
was prepared in 2 mM HCI, and mPEG2-ru-40K-NHS was added to the rIL-2 in an amount
sufficient to reach a molar ratio of mPEG2-1u-40K-NHS to rIL-2 of 100:1. The final
concentration of rIL-2 in the mixture was 0.5 mG/mL (0.035 mM). Sodium bicarbonate buffer
(I M, pH 9.0) was addced to the mixture to reach a final concentration of 20 mM, and
conjugation was allowed to proceed for thirty minutes to provide [mPEG2-ru-40K]-[rIL-2]
conjugates. After thirty minutes, quenching was achieved by adding 1 M glycine (pH 4.0) to

the reaction mixture to achieve a final concentration of 100 mM. The quenched reaction
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mixture was then diluted with H,O to provide a conductivity below 0.5 mS/cm (25 °C). The pH

was adjusted to 4.0 using glacial acetic acid prior to column chromatography purification.

[06210] A typical cation exchange chromatography purification profile of [mPEG2-ru-
40K]-[rIL~2] is provided in FIG. 5. The [mPEG2-ru-40K]-[rIL-2] and unreacted PEG are

indicated and the lines correspond to absorbance at 280 nm. Purity analysis of [mPEG2-ru-
40K]-[rIL-2] by reverse phase HPLC analysis detected purity of the purified conjugate of 100%

at 280 nm. Purity was not less than 95% as determined by 4-12% NUPAGE® Bis-Tris SDS-PAGE
gel with Coomassic Blue Staining (gel not shown) with 20 ug of purified [mPEG2-ru-40K]-

[rIL-2]. The apparent large molecular weight of the conjugate (likely a 3-mer version of
[mPEG2-ru-40K J-{rIL-2]), higher than 200 kDa, was a result of the slow mobility of the

conjugate through the gel due to a high degree of PEG hydration. Un-reacted mPEG2-ru-
40K-NHS initially eluted through the column followed by [mPEG2-ru-40K]-[rIL-2]

conjugates.

Example 6

PEGylation of rIL-2 with Branched mPEG-N-Hydroxysuccinimidyl Derivative, 4k Da

o]

HaC{-OCH,CHy}-NH-C-0 o
|
"5 }OCHZCHZCHZ—C—O—N

1l
HsC--OCH,CHo-NH-C-0 J
n

mPEG2-ru-20K-N-Hydroxylsuccinimidyl Derivative, 4kDa, ("mPEG2-ru-4K-NHS")

[0211] mPEG2-ru-4K-NHS, stored at -80 °C under argon, was warmed to ambient
temperature under nitrogen purging. A stock solution (200 mG/mL) of mPEG2-ru-4K-NHS
was prepared in 2 mM HCI, and mPEG2-ru-4K-NHS was added to the rlL-2 in an amount
sufficient to reach a molar ratio of mPEG2-ru-4K-NHS to rIL-2 of 100:1. The final
concentration of rIL-2 in the mixture was 0.5 mG/mL (0.035 mM) solubilized with 0.015 %
SDS. Sodium bicarbonate buffer (1 M, pH 9.0) was added to the mixture to reach a final
concentration of 100 mM, and conjugation was allowed to proceed for thirty minutes to
provide [mPEG2-ru-4K]-[rIL-2] conjugates. After thirty minutes, quenching was achieved by
adding 1 M glycine (pH 4.0) to the reaction mixture to achieve a final concentration of 100

mM. The quenched reaction mixture was then diluted with H,O to provide a conductivity
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below 0.5 mS/em (25 °C). The pH was adjusted to 4.0 using glacial acetic acid prior to column

chromatography purification.

[0212] A typical cation exchange chromatography purification profile of [mPEG2-ru-
4K]-[1IL-2] is provided in FIG. 6. The cluted [mMPEG2-ru-4K]-[rIL-2] conjugates showed a
mixture of 3-mer, 2-mer and 1-mer [mMPEG2-ru-4K]-[rIL-2] conjugates in the elution fractions.
Fractions containing mixture of 3-/2-mer [mPEG2-ru-4K]-[rIL2], as well as fractions
containing mixture of 2-/1-mer [mPEG2-ru-4K]-[rIL2] were pooled separately, as shown in

FIG. 6.

Example 7

PEGylation of yIL.-2 with Linear mPEG-Butyraldehyde Derivative, 30kDa

0
i
CH3O-€CHQCH20>*C—NH-€CH2CHQO>—CHZCHZCHQCHO
n 4

Linear mPEG-Butyraldehyde Derivative, 30kDa ("mPEG-ButyrALD")

[0213] PEGylation reactions are designed such that after addition of all the reaction
components and buffers, the final rIL-2 concentration is 2.5 mg/ml. mPEG-ButyrALD, 30kDa,
stored at -20 °C under argon, is warmed to ambient temperature. A quantity of the PEG reagent
equal to 10 — 50 mol equivalents of the rIL-2 to be PEGylated is weighed out and dissolved in
20mM sodium phosphate buffer (pH 7.5) and 1 mM EDTA to form a 12% reagent solution.
The 12% PEG reagent solution is added to the aliquot of stock rIL-2 solution and stirred for 15
- 30 minutes. A reducing agent, sodium cyanoborohydride (NaCNBH3), is then added at 10 -
100 molar excess relative to the PEG reagent and the reaction stirred for 5 - 18 hours at room
temperature to ensure coupling via a secondary amine linkage to thereby form a conjugate

solution,

[0214] The aldehyde group of mPEG-ButyrALD is found to react with the primary
amines associated with rIL-2 and covalently bond to them via secondary amine upon reduction
by a reducing reagent such as sodium cyanoborohydride. Selectivity for which amine(s)
become attached with the polymer can be modulated by adjusting the pH of the conjugation
conditions. Relatively low pH conditions (e.g., around a pH of 5.5) will direct conjugation
toward the N-terminus. At relatively neutral pH conditions (e.g., around 7.5 and slightly

above), covalent attachment becomes more frequent at other locations (i.e., at the amine side
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chains of lysine residues contained within the protein). Adjusting the pH of the conjugation
conditions will allow some degree of control as to which locations conjugation occurs, thereby

having a better ability to arrive at the desired positional isomers.

[0215] Using this same approach, other conjugates are prepared using

mPEG-BuryrALD having other weight average molecular weights.

Example 8

PEGylation of rIL-2 with Branched mPEG-Butyraldehyde Derivative, 40kDa

0
I
HaC-OCH,CH}-NH-C-0 0
n 0 }OCHQCHZCHQ—&NHJ(CHQCHzo}CHQCHQCHcho
HyCA-OCH,CH,)-NH-C~0 4 ,
n

Branched mPEG-Butyraldchyde Derivative, 40kDa ("mPEG2-ButyrALD")

[0216] PEGylation reactions are designed such that after addition of all the reaction
components and buffers, the final rIL-2 concentration is 2.5 mg/ml. mPEG2-ButyrALD,
40kDa, stored at -20 °C under argon, is warmed to ambient temperature. A quantity of the PEG
reagent equal to 10 — 50 mol equivalents of the rIL-2 to be PEGylated is weighed out and
dissolved in 20mM sodium phosphate buffer (pH 7.5) and 1 mM EDTA to form a 12% reagent
solution. The 12% PEG reagent solution is added to the aliquot of stock rIL-2 solution and
stirred for 15 - 30 minutes. A reducing agent, sodium cyanoborohydride (NaCNBH3), is then
added at 10 - 100 molar excess relative to the PEG reagent and the reaction stirred for 5 - 18
hours at room temperature to ensure coupling via a secondary amine linkage to thereby form a

conjugate solution.

[0217] The aldehyde group of mPEG2-ButyrALD is found to react with the primary
amines associated with rIL-2 and covalently bond to them via secondary amine upon reduction

by a reducing reagent such as sodium cyanoborohydride.

[0218] Using this same approach, other conjugates are prepared using

mPEG2-BuryrALD having other weight average molecular weights.
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Example 9

PEGylation of rIL-2 with

Linear mPEG-Succinimidyl o-Methylbutanoate Derivative, 30kDa

o]

1
CHgo{CHZCHZO%CHZCHQQH—c—o—N
n CHs
0

Linear mPEG-Succinimidyl a-Methylbutanoate Derivative, 30kDa ("mPEG-SMB")

[0219] PEGylation reactions are designed such that after addition of all the reaction
components and buffers, the final rIL-2 concentration is 2.5 mg/ml. mPEG-SMB, 30kDa,
stored at -20 °C under argon, is warmed to ambient temperature. A quantity of the PEG reagent
equal to 10 — 50 mol equivalents of the rlL-2 to be PEGylated is weighed out and dissolved in
20mM sodium phosphate buffer (pH 7.5) and 1 mM EDTA to form a 12% reagent solution.
The 12% PEG reagent solution is added to the aliquot of stock rIL-2 solution and stirred for 5 -
18 hours at room temperature thereby resulting in a conjugate solution. The conjugate solution
is quenched with a lysine solution (pH 7.5) such that the final lysine molar concentration is 10 -

100 times the PEG reagent molar concentration.

[0220] The mPEG-SMB derivative is found to provide a sterically hindered active NHS

ester, which selectively reacts with lysine and terminal amines.

[0221] Using this same approach, other conjugates are prepared using mPEG-SMB

having other weight average molecular weights.

Example 10

PEGyvlation of rIL-2 with mPEG-PIP, 20kDa

10222] The basic structure of the polymeric reagent is provided below:

O
CH3O-(CHZCH20)HCH2CH2—8—-N/\___>o

0
1}
CH3O—(CH2CH20)HCH2CHZ—C—N/\:><OH
OH (hydrated form)
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[0223] PEGylation reactions are designed such that after addition of all the reaction
components and buffers, the final rIL-2 concentration is 2.5 mg/ml. mPEG-PIP, 20kDa, stored
at -20 °C under argon, is warmed to ambient temperature, A quantity of the PEG reagent equal
to 10 — 50 mol equivalents of the rIL-2 to be PEGylated is weighed out and dissolved in
20mM sodium phosphate buffer (pH 7.5) and 1 mM EDTA to form a 12% reagent solution.
The 12% PEG reagent solution is added to the aliquot of stock 111-2 solution and stirred for 15
- 30 minutes. A reducing agent, sodium cyanoborohydride (NaCNBHS,), is then added at 10 -
100 molar excess relative to the PEG reagent and the reaction stirred for 5 - 18 hours at room
temperature to ensure coupling via a secondary amine linkage (to a secondary carbon) to
thereby form a conjugate solution. The conjugate solution is quenched with a lysine solution
(pH 7.5) such that the final lysine molar concentration is 10 - 100 times the PEG reagent molar

concentration.

[0224] The ketone group of mPEG-PIP is found to react with the primary amines
associated with rIL-2 and covalently bond to them via a secondary amine upon reduction by a

reducing reagent such as sodium cyanoborohydride.

[0225] Using this same approach, other conjugates are prepared using mPEG-PIP

having other weight average molecular weights.

Example 11

Activity of Exemplary (rIL-2)-PEG Conjugates

(0226} The activity of aldesleukin (control), [mPEG2-C2-fmoc-20K]-[rlL-2] from
Example 2, [mPEG2-CAC-fmoc-20K]-[rIL-2] from Example 3, and [mPEG2-ru-20K]-[rIL-2]

from Example 4 were evaluated in a cell proliferation assay using CTLL-2 cells.

[0227] CTLL-2 cells (mouse cytotoxic T lymphocyie cell line) were maintained in
complete RPMI 1640 medivm supplemented with 2 mM L-glutamine, 1 mM sodium pyruvate,
10% fetal bovine serum, and 10% IL-2 culture supplement (T-STIM™ with ConA
(concanavalin-A)) at 37°C under a 5% CO; atmosphere. The cells were cultured in suspension

until they reached a cell density of 2-3 x 10° cells/mL before splitting.

[0228] For the activity assay, 3-4 days after the last split, the cells were washed three
times in Dulbecco's phosphate buffered saline. The cells were then re-suspended in

supplemented media without T-STIMT™ culture supplement at a cell density of ~2 x 10° cells/mL
and plated in 96-
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well white walled clear bottom microplates at 90 pl/well. Experiments were also conducted

using supplemented media (without T-STIM™) adjusted to pH 6.7-7, in order to minimize the
release of conjugates during the course of incubation. Then, 10 pl of 10X concentrations of

test compound, diluted in supplemented media without T-STIM™ culture supplement, was added.
The cells were incubated at 37°C in a 5% CO, atmosphere for 24 hours. Following the 24 hour
incubation, 100 pL of Promega's CELLTITER-Glo® reagent was added to each well. The plates
were mixed for two minutes on an orbital shaker then incubated at room temperature for ten minutes.
Luminescence was then recorded using Perkin Elmer's TOPCOUNT® instrument at an integration

time of one second/well.

[0229] For the [mPEG2-C2-fmoc-20K]-[rIL-2] releasable conjugates from Example 2
and the [mPEG2-CAC-fmoc-20K J-[rL-2] releasable conjugates from Example 3, the activity
of both released IL-2 and unreleased conjugates were tested. The test compounds were stored
under acidic condition (10 mM sodium acetate buffer, pH 4) to stabilize conjugation. To test
the activity of conjugates, the sample was diluted from the storage buffer into supplemented
media ~ one hour prior to the assay. To test the activity of released IL-2, the releasable
conjugates {i.e., [nPEG2-C2-fmoc-20K]-[rIL-2} conjugates from Example 2 and [mPEG2-
CAC-fimoc-20K]-[rIL-2] conjugates from Example 3} were diluted ten-fold in 100 mM (final
concentration) sodium bicarbonate buffer, pH 9 and pre-incubated at 37°C for cight hours prior

to start of the assay.

[0230] The ECsg values (concentration of test compound required to exhibit 50% of
maximal response) for cell proliferation were obtained from non-linear regression analysis of

dose-response curves, using GraphPad’s Prism 5.01 software.

[0231] The activities of aldesleukin and the conjugates were measured using a cell
proliferation assay, and a summary of the results are shown in Table 4. All test articles induced
growth of CTLL-2 cells in a dose-dependent manner. Since the releasable conjugates were pre-
incubated under conditions to force release the protein, aldesleukin was also pre-incubated as a
control to test for stability of the protein itself under the forced release treatment conditions.

As shown in Table 4, aldesleukin remained stable following pre-incubation under the release
conditions (8 hours at 37°C, pH 9) and exhibited relative potency to aldesleukin stored under
recommended conditions. Following pre-incubation of [mPEG2-C2-fmoc-20K]-[rIL-2] from
Example 2 and [mPEG2-CAC-fmoc-20K]-[rIL-2] from Example 3 under conditions to induce
release of IL-2, activity was regained as shown in FIG. 8; IL-2 released from these conjugatcs

displayed relative potency to the control aldesleukin, whereas some of the unreleased
.67 -
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conjugates were less potent relative to aldesleukin. The stable 3-mer [mPEG2-ru-20K]-[rIL-2]
conjugates displayed the least potency (FIG. 7) and was 0.04% relative to aldesleukin, but
1-mer [mMPEG2-ru-20K]-[rIL-2] showed equivalent potency to aldesleukin in view the known

standard deviation of the assay.

Table 4
Summary of CTLL-2 Cell Proliferation in Response to Aldesleukin and PEG-IL-2 conjugates.
Test compound EC50 (ng/mL) tfzoxtle(;lecs}l/elzl?iitl(z/eo)
aldesleukin 0.111 102
aldesleukin (release control) 0.113 100
3-mer [mPEG2-C2-fimoc-20K]-[rIL-2] (released) 0.076 149
1-mer [MPEG2-C2-fmoc-20K]-[rIL-2] (released) 0.105 108
3-mer [MPEG2-CAC-fmoc-20K]-[rIL-2] (released) 0.246 46
1-mer [MPEG2-CAC-fmoc-20K]-[rIL-2] (released) 0.056 202
3-mer [mPEG2-C2-fmoc-20K]-[rIL-2] (unreleased) 0.497 23
1-mer [mPEG2-C2-fmoc-20K]-[r[L-2] (unreleased) 0.074 153
3-mer [mPEG2-CAC-fmoc-20K]-[rIL-2] (unreleased) 5.163 2
1-mer [mPEG2-CAC-fmoc-20K]-[rIL-2] (unreleased) 0.143 79
3-mer [mPEG2-ru-20K]-[rlL-2] 194,400 0.04
1-mer [MPEG2-ru-20K]-[rIL-2] 0.168 67
Example 12

Pharmacokinetics of Exemplary (xIL-2)-PEG Conjugates

[0232] The pharmacokinetic profiles of aldesleukin (control), [mPEG2-C2-fmoc-20K]-
[rIL-2] from Example 2, [mPEG2-CAC-fmoc-20K]-[rIL-2] from Example 3, and [mPEG2-ru-

20K]-[rIL-2] from Example 4 were evaluated in an ELISA following a single injection in mice.

[0233] Aldesleukin concentrations were measured by a heterogeneous, sandwich
ELISA. Briefly, 96-well microtiter plates were coated with mouse monoclonal antibody to
IL-2 and blocked. Samples and standard were prepared in neat plasma and were subsequently
diluted to 10% plasma with buffer containing biotinylated rabbit polyclonal antibodies to IL-2
before being incubated on the assay plates. Streptavidin-Horseradish Peroxidase followed by
the colorimetric substrate, 3, 3', 5, 5'-tetramethylbenzidine (TMB) was used to detect IL-2. Stop
solution was added and the absorbance was read at 450 nm with background subtraction at 650

nm. The standard curve was generated by a weighted, 4-parameter algorithm, and the sample
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concentrations determined by interpolation to the standard curve. The lower limit of

quantitation was 0.05 ng/mL.

[0234] Pooled 1-mer/2-mer [mPEG2-ru-20K]-[rIL-2] concentrations were measured by
a homogeneous HTRF® assay (Cisbio US, Bedford MA). Reaction mixture (15 uL, europium
chromate conjugated mouse monoclonal antibody to IL-2, Streptavidin-d2, and biotinylated
rabbit monoclonal antibody to PEG) was added to white, low-volume, 384-well microtiter
plates. Samples and standards (5 uL) diluted in neat plasma were added and the plates
incubated. The plates were read on a fluorescence reader at 615 and 665 nm, and Delta F
calculated. The standard curve was generated by a weighted, 5-parameter algorithm and the
sample concentrations determined by interpolation to the standard curve. The lower limit of

quatitation was 0.5 ng/mL.

[0235] 3-mer [mPEG2-C2-fmoc-20K]-[rIL-2] and 3-mer [mPEG2-CAC-fimoc-20K]-
[rIL-2] were measured in a total IL-2 assay. Since the [mPEG2-C2-fmoc-20K]-[rIL-2] and
[mPEG2-CAC-fmoc-20K]-[rIL-2] conjugates arc releasable conjugates, different species of the
molecule will be present in a sample making individual quantitation difficult; therefore, total
IL-2 levels were measured. The polymer-containing component of the conjugates was forced
released from the conjugates by diluting the samples and standard stock, prepared in neat
plasma, 1:1 with releasing buffer (100 mM HEPES / 100 mM Tris-HCL, pH 9) and incubating
at 37°C for 30 to 36 hours. After the incubations, a 25% volume of 0.1M acetic acid was
added to neutralize the high pH. The released IL-2 was measured by the ELISA described

above,

[0236] FIG. 9 shows a concentration-time plot of the tested articles in C57BL/6 mice
after a single, intra-muscular injection (1 mg/kg). Sodium heparanized plasma samples were
collected at ten minutes, and at 1, 6, 24, 48, 72, 96, 120, 168 and 336 hours. The geomean
concentrations were calculated from 3 mice per time point. As shown in FIG. 9, aldesleukin
had a short %-life and could not be detected after 6 hours (< 0.05 ng/mL) while the conjugates

had an extended ‘%-life and were still detected at 336 hours.

Example 13

Lung Metastatic Melanoma Efficacy Studies

[0237] To evaluate the efficacy of compounds having purported IL-2 activity, the

metastatic melanoma lung model has been widely used and is developed in C57BL/6 mice. In
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this model, mice are first intravenously administered B16F10 melanoma cells, which causes the
development of lung nodules of different numbers and sizes. The lung nodule numbers as well
as total surface area of these lesions varies depending on cell concentrations implanted. A test
compound of interest is then administered to a treatment group of mice and another group of
mice is left untreated to serve as a control. The efficacy of the test compound can be
determined, as a percent reduction in the number and size of the lung nodules and the total

lesion area for each lung between the treated and untreated groups.

[0238] In this study, 100,000 B16F10 cells (passage not exceeding P8) were implanted
by tail vein injections. On the third day from the date of cell implantation, test compounds of
interest (or vehicle) were administered as indicated in the Table 5 following either IP

(intraperitoneal) or [V (intravenous) routes of administration.

Table S
Groups Assignments for Example 13

Group Test Article B16F10 Route of Animal | Dose
no. cells administration No.
A aldesleukin (Prometheus Laboratories Inc.) 100,000 1P 1-12 | bidx5
B 1L-2 moiety of Example 1 100,000 iy 1-12 | bidx5
C vehicle 100,000 1P 1-12 | bidx5
D NKT-11135-A-001 100,000 v 1-12 q2dx3
E Pooled 3-mer/4-mer [mPEG2-CAC-fmoc-20K]-[1IL-2] | 100,000 v 1-12 q2dx3
F Pooled 1-mer/2-mer [mPEG2-ru-20K]-[rIL-2] 100,000 v 1-12 q2dx3
G Pooled 3-mer/4-mer [mPEG2-ra-20K]-[r1L.-2] 100,000 v 1-12 | g2dx3

Note: "b.i.d x 5" means twice a day for five days; "q2dx3" means every second day for 3 doses
[0239] On day 14 from day of cell implantation, mice were sacrificed while isolating

and fixing lungs in the Bowen's solution containing formaldehyde for a day or two. The lungs
(which were fixed in the Bowen's solution) were examined under stereomicroscope and the

number and size of lesions for each lung were determined.

[0240] As shown in FIG. 10, on day 14 from the day of cell implantation mice were
sacrificed and their isolated lungs were fixed in Bowen’s solution. The tumor nodules and their
sizes were counted for each of aldesleukin (Prometheus Laboratories Inc., San Diego CA), IL-2
moiety of Example 1, pooled 3-mer/4-mer [mPEG2-CAC-fmoc-20K]-[1IL-2], pooled 3-mer/4-
mer [mPEG2-ru-20K]-[rIL-2], and pooled 1-mer/2-mer [mPEG2-ru-20K]-[rIL-2].
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Example 14

Subcutaneous B16F10 Melanoma Efficacy Studies

[0241] To evaluate the efficacy of compounds having purported IL-2 activity, the
highly robust subcutaneous melanoma model in syngenic mice, i.e., C57BL/6 mice, has been
used. Briefly, one million B16F10 cells were implanted subcutaneously for each 5-6 week old
C57BL/6 mouse at mid-dorsal region. Tumors were allowed to grow to palpable size, i.¢.,
70-120 cu mm before randomization and assigning groups as shown in the Table 6. The mice
were administered test compounds i.e., aldesleukin (Prometheus Laboratorics Inc., San Diego
CA), rlL-2-polymer conjugates or vehicle at different dose concentrations and dose regimes.
The body weights and tumor volumes were measured every alternative day. The end point for
this study is the time to reach median tumor volume of 1500 cu mm for a given group or 45

days whichever is earlier.

Table 6
Groups Assignments for Example 14

Test Compound Subgroup | Dose concentration Route of Dose
(1=9) (mg/kg) administration
Pooled 3-mer/4-mer Al 2 v 1d
[mPEG2-CAC-fmoc-20K]-[rIL-2] A2 4 q
Pooled 1-mer/2mer El 6 v 1
[MPEG2-C2-fmoc-20K]-[rIL-2] E2 8 4
C 3
aldesleukin (Prometheus Laboratories Inc.) H (=0 P b.i.dxS
Pooled 3-mer/4-mer Bl 2 v 14
[MPEG2-C2-fmoc-20K }-[rIL-2] B2 4 d
Pooled 1-mer/2-mer F1 6 v 1d
[MPEG2-ru-20K]-[rIL-2] F2 9 d
Pooled 1-mer/2-mer Gl 2 v 14
[mPEG2-CAC-fmoc-20K J-[1IL-2] G2 4 q
Vehicle: 10 mM Sodium acetate; 150 mM NaCl, D As per body weight v 1d
pH 4.5; 2 % Sucrose 1 4
[0242] Dose-response curves for tumor growth inhibition following the administration

of aldesleukin (Prometheus Laboratories Inc.) and rIL-2-polymer conjugates at ditferent
administration schemes are provided in FIG. 11A and FIG. 11B. These results indicate that
the tested rIL-2-polymer conjugates evidenced better efficacy at a single dose over aldesleukin

(Prometheus Laboratorics Inc.), which was dosed at 3mg/kg twice a day for five days.
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[0243] FIG. 11A shows time to tumor progression after a single dose administration of
r[L-2-polymer conjugates to reach a median tumor volume of 1500 mm’. The tumor growth
delay (TGD) from the tumor progression curves was found to be 4.6 and 6.2 days, respectively,
for pooled 3-mer/4-mer [MPEG2-CAC-finoc-20K]-[rIL-2] at 2 mg/kg and 4 mg/kg dose
concentrations. For pooled 3-mer/4-mer [mPEG2-C2-fmoc-20K]-[rIL-2], TGD was found to
be 6.4 and 7.6 days, respectively, at 2 mg/kg and 4 mg/kg dose concentrations.

[0244] FIG.11B shows time to tumor progression after single dose administration
rIL-2-polymer conjugates to reach a median tumor volume of 1500 mm°. The TGD from the
tumor progression curves was found to be 3.6 and 4.6 days, respectively, for pooled
1-mer/2-mer [mPEG2-C2-fmoc-20K]-[rIL-2] at 6 mg/kg and 8 mg/kg dose concentrations. For
pooled 1-mer/2-mer [mPEG2-ru-20K]-[rIL-2], the TGD was found to be 3.8 at 2mg/kg while a
4 mg/kg dose concentration was found to be toxic in nature. TGD from the tumor progression
curves was found to be 2.2 and 3.6 days, respectively, for pooled 1-mer/2-mer [mPEG2-CAC-
fimoc-20K]-[rIL-2] at 2 mg/kg and 4 mg/kg dose concentrations.

[0245] In short, the efficacy in both a lung lesion metastasis model (Example 13) and in
a subcutaneous mouse melanoma model (Example 14) was achieved with rIL-2 polymer
conjugates at substantially lower frequency of dosing and lower overall protein amount as

compared to aldesleukin (Prometheus Laboratories Inc.).
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Claims:

1. A conjugate comprising from one to seven branched poly(ethylene glycol)
polymers covalently attached via a releasable carbamate linkage to amino groups of an
interleukin (IL-2) moiety, wherein each branched poly(ethylene glycol) polymer has a
weight average molecular weight of from about 10,000 Daltons to about 85,000 Daltons,
wherein, upon release, the branched poly(ethylene glycol) polymer detaches from the
interleukin-2 moiety in vivo without leaving a fragment attached to the interleukin-2 moiety,

the conjugate having a formula:

—x1
POLY X /IRe1|

2 /_/\I Rezl

POLY — X2

wherein POLY! is a first poly(ethylene glycol); POLY? is a second poly(ethylene glycol);
X! is a first spacer moiety; X is a second spacer moiety; Ho is an ionizable hydrogen atom;
R!is H or an organic radical; R? is H or an organic radical; (a) is either zero or one; (b) is
either zero or one; R°!, when present, is a first electron altering group; R®?, when present, is
a second electron altering group; Y' is O; Y2 is O; n is an integer from 1-7, and IL-2 is an
interleukin-2 moiety having greater than 95 percent sequence identity to SEQ ID NO:3 and

having equivalent biological activity thereto.

2. The conjugate of claim 1, wherein the branched poly(ethylene glycol) polymer
has a weight average molecular weight in a range of greater than 10,000 Daltons to about

85,000 Daltons.

3. The conjugate of claim 2, wherein the branched poly(ethylene glycol) polymer has
a weight average molecular weight in a range of from about 20,000 Daltons to about 85,000

Daltons.
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4. The conjugate of claim 1, wherein POLY! and POLY? are both terminally
capped with an end-capping moiety selected from the group consisting of hydroxy, alkoxy,
substituted alkoxy, alkenoxy, substituted alkenoxy, alkynoxy, substituted alkynoxy, aryloxy
and substituted aryloxy.

5. The conjugate of claim 4 wherein POLY! and POLY? are both terminally capped
with a C1-C6 alkoxy group.

6. The conjugate of any one of claims 1-5, wherein one, two, three or four branched

poly(ethylene glycol) polymers are covalently attached to the IL-2 moiety.

7. The conjugate of any one of claims 1-5 wherein one, two or three branched

poly(ethylene glycol) polymers are covalently attached to the IL-2 moiety.

8. The conjugate of any one of claims 1-5 wherein one or two branched

poly(ethylene glycol) polymers are covalently attached to the IL-2 moiety.

9. The conjugate of any one of claims 1-5, wherein one branched poly(ethylene

glycol) polymer is covalently attached to the IL-2 moiety.
10. The conjugate of claim 1, wherein the IL-2 moiety is aldesleukin.

11. The conjugate of claim 1, wherein the branched poly(ethylene glycol)

has a weight average molecular weight of about 20,000 Daltons.

12. A pharmaceutical composition comprising a conjugate of any one of claims 1-11

and a pharmaceutically acceptable excipient.

13. A method for making a conjugate of interleukin-2 (IL-2), the method comprising
contacting, under conjugation conditions, an IL-2 moiety having greater than 95 percent

sequence identity to SEQ ID NO:3 and having equivalent biological activity thereto, with a
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molar excess of a succinimidyl ester-activated branched poly(ethylene glycol) polymer

having a formula

1
POLY —X! 1
— /[R ]a

\\
\ / ¥

RZ
2 /Y_//\/{Rezl .

POLY — X2

wherein POLY! is a first poly(ethylene glycol); POLY? is a second poly(ethylene glycol);
X! is a first spacer moiety; X is a second spacer moiety; Ha is an ionizable hydrogen atom;
R!is H or an organic radical; R? is H or an organic radical; (a) is either zero or one; (b) is
either zero or one; R°!, when present, is a first electron altering group; R®?, when present is a
second electron altering group, and (FG) is a succinimidyl ester, wherein: said conjugation
conditions comprise an aqueous medium having a pH of 7.0 to 9.0, the succinimidyl ester-
activated branched poly(ethylene glycol) polymer has a weight average molecular weight of
from about 10,000 Daltons to about 85,000 Daltons, and the method produces a conjugate
comprising from one to seven of the branched poly(ethylene glycol) polymers covalently

attached via a releasable carbamate linkage to amino groups of the IL-2 moiety.

14. The method of claim 13, wherein the contacting step results in a reaction
mixture comprising the conjugate comprising from one to seven of the branched
poly(ethylene glycol) polymers covalently attached via a releasable carbamate linkage to
amino groups of the IL-2 moiety, and the reaction mixture is further purified by

chromatography.

15. A composition comprising a mixture of conjugates according to claim 1.

16. The composition of claim 15, wherein conjugates comprised in the
mixture have four or more branched poly(ethylene glycol) polymers releasably

covalently attached to the IL-2 moiety.
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17. A pharmaceutical composition comprising the composition of claim 15

or claim 16 and a pharmaceutically acceptable excipient.

18. A pharmaceutical composition of claim 15, possessing little or no IL-2

activity prior to administration.

19. Use of a conjugate of any one of claims 1-11 to treat cancer.

20. Use of a composition according to claim 15 or claim 16 to treat cancer.

21. A conjugate of any one of claims 1-11 for use in a dosage form suitable

for injection to treat a subject having cancer.

22. Use of a conjugate of any one of claims 1-11 in the manufacture of a

medicament for the treatment of cancer.
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C = vehicle, n=11

A = aldesleukin (Prometheus Laboratories Inc.), n=11

B = IL-2 moiety of Example 1, n=12

E = Pooled 3-mer/4-mer [nPEG2-CAC-fmoc-20K]-[rIL-2], n=12
G = Pooled 3-mer/4-mer [mMPEG2-ru-20K]-[rIL-2], n=10

F = Pooled 1-mer/2-mer [mWPEG2-ru-20K]-[rIL-2], n=7
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400 1
* % % * k% * % * k%
200 T

0 T T T T T ———

C A B E G F

Total Lesion Area mm?

*** two tailed Student's T-test vs. vehicle: P value < 0.001
** two tailed Student's T-test vs. vehicle: P value < 0.01

FIG. 10
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