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PATENT APPLICATION
MODIFIED IL-2 VARIANTS THAT SELECTIVELY ACTIVATE
REGULATORY T CELLS FOR THE TREATMENT OF AUTOIMMUNE
DISEASRES

CROSS-REFERENCES TO RELATED APPLICATIONS
10661} This application claims the benefit of priority to U.S. Provisional Patent
Application No. 62/070,016, filed on August 11, 2014, the content of which 18 hereby

incorporated by reference.

BACKGROURND OF THE IRVENTION
{0062] The mmune system must be able to discriminate between self and non-self, When
self/non-self descrimination fails, the immune system destroys cells and tissues of the body
and as a result causcs autoiramune discases. Regulatory T cells actively suppress activation
of the immune system and prevent pathological self-reactivity and consequent autoimmune
disease. Developing drags and methods to selectively activate regulatory T cells for the
treatruent of autotmmune discase 18 the subject of intense research and, until the development

of the present invention, has been largely unsuccessful.

180031 Regulatory T cells (Treg) are a class of CD4+CD25+ T cells that suppress the
activity of other immune cells. Treg are central to immune system homeostasis, and play a
major role in maintaining tolerance to self-antipens and in modulating the immune response
to forcign antigens. Multiple avtoiroroune and inflammatory disecases, including Type 1
Diabetes (T1D}, Systemic Lupus Erythematosus (SLE), and Graft-versus-Host Discase
{(GVHD) have been shown to have a deficiency of Treg cell numbers or Treg function.
Consequently, there is great interest in the development of therapies that boost the numbers

and/or function of Treg ceils.

{3004]  One treatment approach for autoimmune discases being investigated is the
transplantation of autologous, ex vivo-expanded Treg cells (Tang, (2., et al, 2013, Cold Spring
Harb. Perspect. Med., 3:1-15). While this approach has shown promise in freating animal
maodels of disease and in several early stage human clinical trials, it requires personalized
treatment with the patient’s own T cells, is invasive, and is technically complex. Another

approach is treatment with low dose Interlenkin-2 (1L-2). Treg cells characteristically
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express high constitutive levels of the high affinity IL-2 receptor, ILZRafy, which is
composed of the subunits IL2RA (CD235), ILZRB (CD122), and IL2RG (CD132), and Treg
cell growth has been shown to be dependent on TL-2 (Malek, T. R, et al,, 2010, Iromounity,
33:153-65). Chlinical trials of low-dose IL-2 treatment of chronic GVHD (Koreth, J, et al,,
2011, N Hngl J Med., 365:2055-66) and HCV-associated autoimmune vasculitis patients
(Saadoun, D3, et al., 2011, N Engl J Med., 365:2067-77) have demonstrated increased Treg
ievels and signs of clinical efficacy. New chinical trials investigating the efficacy of IL-2 in

multiple other autoimmune and inflammatory diseases have been initiated.

{6085]  Proleukin (marketed by Prometheus Laboratories, San Diego, CA), the recombinant
form of 1L-2 used in these trials, 1s associated with high toxicity. Proleukin 15 approved for
the treatment of Metastatic Melanoma and Metastatic Renal Cancer, but is side effects are so
severe that its use is only recommended in a hospital setting with access to intensive care
{Web address: www . proleukin.com/assets/pdt/proleukin.pdf). Until the more recent
characterization of of Treg cells, IL-2 was considered to be an immune systen stimmlator,
activating T cells and other immune cells to eliminate cancer cells. The clinical trials of 11.-2
in autoinumune discases have employed lower doses of IL-2 in order to target Treg cells,
because Treg cells respond to lower concentrations of 1L-2 than many other imaroune cell
types due to their expression of IL2Rafly (Klatzmann D, 2015 Nat Rev Immunol. 15:283-94).
However, cven these lower doses resulted in safety and tolerability issues, and the treatments
used have employed daily subcutaneous injections, either chronically or in intermittent 5 day
treatment courses. Therefore, there 18 a need for an antoimroune discase therapy that
potentiates Treg cell numbers and function, that targets Treg cells more specifically than IL-

2, that is safer and more tolerable, and that is administered less frequently.

16606]  One approach to improving the therapeutic index of IL-2-based therapy is to use
variants of IL-2 that are selective for Treg cells relative to other immune cells. 1L-2 receptors
eostnophils, and monocytes, and this broad expression patiern tikely contributes to ifs
pleiotropic effect on the immnune system and high systemic toxicity. The IL-Z receptor exists
in three forms: (1) the low affinaty receptor, IL2R A, which does not signal; (2) the
intermediate affinity receptor (IL2RPy), composed of IL2RE and 1L2RG, which is broadly
expressed on conventional T cells (Tcons), NK cells, cosinophils, and monocytes; and (3) the
high affinity receptor JL2RaBy), composed of IL2RA, TL2RB, and IL2RG, which is

expressed transiently ou activated T cells and constitutively on Treg cells. 1L-2 variants have
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been developed that are selective for IL2Rofy relative to IL2R By (Shanafelt, A. B, ¢t al,,
2000, Nat Biotechnol 18:1197-202; Cassell, D, 1., et. al., 2002, Curr Pharm Des., 8:2171-83}).
These variants have amino acid substitutions which reduce thetr affinity for I1L2RB. Because
{L-2 has undetectable affinity for ILZRG, these variants consequently have reduced affinity
for the TL2R Py receptor complex and reduced ability to activate IL2RBy-expressing cells, but
retain the ability to bind TL2R A and the ability to bind and activate the ILZRady receptor
complex. One of these varfants, IL2/NEER (Bay 50-4798), was chintcally tested as a low-
toxicity version of 1L-2 as an immune system stimmlator, based on the hypothesis that

IL2R By-expressing NK cells are a major contributor to toxicity., Bay 50-4798 was shown to
selectively stimulate the proliferation of activated T cells relative to NK cells, and was
evaluated in phase /11 clinical trials in cancer patients {Margolin, K, et. al., 2007, Clin
Cancer Res., 13:3312-9) and HIV patients (Davey, R T, et. al,, 2008, J Interferon Cytokine
Res., 28:89-1080). These clinical trials showed that Bay 50-479& was considerably safer and
more tolerable than Proleukin, and also showed that it increased the levels of CDB4+CD25+ T
cells, a cell population enriched in Treg cells. Subsequent to these trials, research in the field
more fully established the identity of Treg cells and demonstrated that Treg cells selectively
express HL2RaPy (reviewed in Malek, T. R., et al,, 2010, Immunity, 33:153-65}. Based on
this new research, it can now be understood that IL2Rafy selective agonists should be

selective for Treg cells.

(G387} A second approach to improving the therapeuntic index of an 1L-2 based therapy is to
optimize the pharmacokinetics of the molecule to maximally stimulate Treg cells. Early
studies of 1L-2 action demonstrated that 11-2 stimulation of human T cel proliferation ixn
vitro required a minimuin of 5-6 hours exposure to effective concentrations of IL-2 {Cantrell,
DA et al,, 1984, Science, 224: 1312-1316). When admuinistered to human patients, 11.-2
has a very short plasma half-life of 85 minutes for intravenous administration and 3.3 hours
subeutaneous admimstration (Kirchner, G. L, et al., 1998, Br J Clin Pharmacol. 46:3-10).
Because of its short half-life, maintaining circulating [L-2 at or above the level necessary to
stimulate T cell proliferation for the necessary duration necessitates high doses that result in
peak 1L-2 levels significantly above the ECS0 for Treg cells or will require frequent
administration (FIGURE 1). These high 1L-2 peak levels can activate IL2R By receptors and
have other unintended or adverse effects. An 1L-2 analog with a longer circulating half-hife
than L-2 can achieve a target drug concentration for a specified period of time at a lower

dosc than 1L-2, and with lower peak levels. Such an IL-2 analog will therefore require etther

()
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lower doses or less frequent administration than IL-2 to effectively stimmulate Treg cells. Less
frequent subcutaneous administration of an 1L-2 drog will also be more tolerable for patients.
A therapeutic with these characteristics will translate clinically into improved

pharmacological efficacy, reduced toxicity, and improved paticut cornphance with therapy.

{6638]  One approach to extending the half-hife of therapeutic proteins is to conjugate the
therapeutic protein with a non-immunogenic water-soluble polymer like polyethylene glycol
(PEG). Chemical conjugation of a protein to a PEG molecule (PEGylation) ncreases the
circulating half-life by increasing the effective hydrodynamic radius of the protein, thus
reducing the rate at which the protein conjugate 1s filtered out of blood by the kidney, 1L-2
and IL-2 Selective Agonists are relatively small proteins of approximately 15,000 daltons (15
kDa) with a rapid rate of renal clearance. The circulating half-life of PEG molecules
increases in proportion to the molecular weight of the PEG (Yamaoka, T, et al,, 1994 ]

Pharm Sci. 83:631-0).

{800%]  There are 4 nurnber of factors which tmpact the successful production and
manufacturing of PEGylated therapeutic proteins. First, because PEGylated proteins are
prepared by chemical conjugation of a PEG molecule and a protein, it is important that the
protein can be manufactured efficiently becaunse of the additional wanufacturing steps
involved with PEGylation. Sccond, the PEG moiety should be should be cfficiently
conjugated to the protein via a specific amino acid residue, leading to a homogeneous product
with high yield. Third, the site of PEGylation on the protein should be chosen so as to
roinimally interfere with the therapeutic activity of the protein. Interference with the protein
therapeutic activity could be due to conjugation of the PEG to the active site of the protein, or
could be due to steric hinderance of the active site by the PEG. As an example, one form of
PEGylated [L-2 was previously reported in which PEG molecules were conjugated fo
primary amines on 1L-2, resulting in a heterogenous mixture of protein species containing
Acad SciUU S A, 84:1487-91; Knauf, M. J, et. al,, 1988 J Biol Chem. 15;263:15064-70198%)
which exhibited 4-6 fold reduced biological activity relative to 1L-2 (Chen, S.AL, 2000 ]

Pharmacol Exp Ther. 293:248-59). Because the 1L.-2 Selective Agonist must bind and

activate to a complex of three receptor subunits on Treg cclls, the appropriate conjugation site

on 1L-2 must be chosen carcfully for optimal bioactivity.
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{0010] This invention concerns variants of 1L-2 with single amino acid substitutions at
specific positions in the 1L-2 sequence that enable stable and specific chernical conjugation of
PEG molecules while retaining the ability of the IL-2-PEG conjugate to activate Treg cells.
These specificd amino acid positions, defined as PEG conjugation sites, arc chosen such that
the IL-2-PEG conjugate resulting from conjugation of a PEG molecule to [L-2 variant is
minimally impaired in its ability to bind to and activate the IL2ZR oy receptor. This invention
also concerns 1L-2 variants with aforementioned PEG conjugation sites on IL-2 variants that

are selective for the IL2Rufy receptor, and consequently have high selectivity for Treg cells.

{8611}  Chemically activated PEGs have been developed with a nurber of different
chemically reactive groups for conjugation to proteins, enabling conjugation fo amine acid
residucs containing primary amines or to thiol groups. Of these, thiol groups, uniquely
present on ¢cysteine residues, enable the most selective conjugation of PEGs to proteins, and
PEGs with malcinude or iodoacctarmide reactive groups react very selectively with free
cysteine thiols. Most cysteine residues in extraceltular proteins participate in disulfide bonds
that stabilize the protein conformation, and the small number of free (unpaired) cysteine
restdues are usually buried in the interior of proteins (Petersen, M. T, et. al,, 1999 Protein
Eng. 1999 12:535-4%). PEG conjugation to free cysteine residues in a protein requires either
a natural exposed free cysteine restdue or the introduction of a novel free cysteine residues.
The engincering of a novel free cysteine into a protein carries the risk that the introduced
novel cysteine can form an inappropriate intrachain disulfide bond with other cysteines, thus
causing misfolding of the protein, or can form interchain disulfide bonds with other
roolecules, thus causing protein aggregation. 1L-2 variants with mutated cysteine residucs
can exhibit substantially reduced activity due to mispaired disulfide bonds (Wang, A, et al,,
1984 Science. 224:1431-3). The inveuntion herein focuses on the engineering of novel, free
cysteine restdues into 1L-2 variant proteins that will be compatibie with proper protein
folding, that enables site-specific conjugation of a thiol-reactive PEG, and results in an 1L-2-

PEG conjugate that retains the ability to bind to and activate the IL2Rofdy on Tregs.

BRIEF DESCRIPTION OF THE DRAWINGS

{6012} FIGURE 1 1s a diagrammatic tllustration of the relationship between circulating
half-life, peak drug level, the biological effective concentration, and the duration necessary to

stirnulate Treg cell proliferation after a single dose of IL-2 or an IL-2-PEG protein with



WO 2016/025385 PCT/US2015/044462

increased haif-life. The dashed line represents the blood level over time of IL-2 following a
subcutaneous injection, and the solid line represents the blood level over time of an IL2-PEG
conjugate. The horizontal dotted lines indicate the concentrations (EC50 values) necessary to
activate cells expressing IL2RaPy and TL2R Py, respectively) are indicated. The double-
headed arrow indicates the duration of exposure (5-6 hr)y to 11-2 at the ECS50 pecessary to

stimulate cell proliferation.

180137 FIGURE 2 represents the strategy for determining the attachment sites for PEG or
other non-imrounogenic polymer conjugation. 1L-2 is depicted 1o complex with the three
subunits of the high affinity 1L-2 receptor. 11.-2 surface amino acid residues exposed to
solvent not interacting with IL-2 receptor subunits are candidate amine acid residues for

attachment of PEG polymers is circled.

{6614] FIGURE 3 shows the 3-D crystal structure of the TL-2/L-2Rufiy complex,
indicating the amino acid side chains of the residues that fulfill criteria for attaching PEG or
other non-immunogenic polymers. The residues indicated are T3C, §6C, KRC, K4RC, K49C,
TS1C, KO7C, GORC, F103C, MI04C, E106C, and D109C. 11L-2 is indicated the center
foreground, 1L-2RB on the lefi, IL-2RT on the right), and IL-2RA on the top and rear. The

oricntation of the receptor complex relative to the cell raombranc is indicated by the arrow,

{8618} FIGURE 4 shows the selective activation of pSTATS by IL2Z/NEBR/CI25S/D109C
and PEGyvlated IL2/NEER/CIZSS/DI09C in a T cell subpopulation enriched for Treg cells.
Human PBMC were incubated with the saraples indicated on the top of cach plot for 10
mimates at 37 C, fixed, permeabilized, stained with antibodies, and then subjected to flow
cytometry. FACS plots are displayed in pseundocolor mode. Cells gated as CD4+ are shown,
and cells were further gated as shown in cach of the 4 quadrants. The numbers in cach
quadrant indicate the percentage of CD4+ cells in each gate. Cells in the upper quadrants
represent the highest 1-2% of CD25 expressing cells, a population enriched for Treg cells.
Untreated cells were incubated in media alone, 1L-2 was added at a concentration of 4x107
M, and TL2/NESR/C1ZS5/D0SC and HL2/NBBR/CI25S/D169C-PEG samples were added at
a concentration of 4x107° M, and PEG-treated samples were incubated in a mock-PEGylation
reaction containing the same amount of PEG as ILZ/NERR/CI255/D109C-PEG. 1L-2
stimulates a massive amount of STATS phosphorylation in both CD25"Y and CD25™ cells.

Both IL2/N8BR/CI255/D109C and IL2Z/NSSR/CI255/D109C-PEG have a qualitatively and



quantitatively different effect, stimulating STATS phosphorylation primarily in less than 1% of the
cells and primarily in CD25"¢" cells.

[0016] FIGURE 5 demonstrates the selectivity of IL-2 and IL-2 Selective Agonist proteins on 7
different immune cell types in human PBMC. Both IL2/N88R/C125S/D109C and
IL2/N88R/C125S/D109C-PEG are highly selectivity for Tregs compared to wr IL-2, and shows

greater selectivity in multiple cell types than IL-2.

SUMMARY

[0017] The disclosure described herein is a novel IL-2 protein with selective agonist activity for
Regulatory T cells and with an additional amino acid substitution that enable chemical conjugation
with Polyethyene Glycol (PEG) that increase circulating half-life compared to the IL-2 selective
agonist alone. Substituted amino acid positions were selected based on their exposure to solvent
within the IL-2-IL2Rapy receptor complex and the predicted ability of the polymer-conjugated
variants to retain the ability to bind to and activate the IL.2Rafy receptor complex. A series of
recombinant IL-2 variants were constructed in which cysteine amino acid residues were introduced
into selected amino acid positions and ther variant proteins screened for activity. IL-2 variants that
were successfully expressed and purified were refolded, conjugated to malemido-PEG polymers, and
then tested for selective agonist activity on Regulatory T cells. A preferred IL-2 selective agonist
variant, IL2/N88R/C125S/D109C, has thus been identified. This novel protein and its PEG conjugate
will selectively and efficiently boost the levels and the activity of Regulatory T cells in patients,
suppress autoimmune pathology, and will thus be a safe and effective therapeutic for the treatment of

autoimmune diseases.

[0018] The disclosure also provides IL-2 variant proteins having at least 95% to 98% and to 100%
sequence identity to Seq. ID No. 1, containing the substitution D109C and having the ability to
activate T cells. The proteins of this disclosure may be linked to a polyethylene glycol moiety linked
to the cysteine at position 109. The polyethylene glycol moiety will optionally have a molecular
weight of between 5 and 40 kDa. The IL-2 variant protein of this disclosure may contains at least one
of the substitutions selected from the group consisting of: N88R, N88I, N88G, D20H, Q126L, and
Q126F. Further the IL-2 variant proteins of this disclosure may optionally comprise the substitution
C125S. More preferable is the IL-2 variant protein in which the IL-2 protein sequence contains the

substitution N88R and the



substitution C125S. The proteins of this disclosure are optionally provided in a pharmaceutical
compositions comprising the proteins of this disclosure and a pharmaceutically acceptable carrier.
[0019] The disclosure further provides for methods of increasing the circulating half life of a human
IL-2 variant protein of this disclosure where the method comprises linking of a polyethylene glycol
moiety to the cysteine residue at position 109 wherein the polyethylene glycol moiety is a of a length
sufficient to increase the circulating half live of the protein compared to the same protein without the
polyethylene glycol moiety. The methods of this disclosure further provide for the administration of
the protein variants at a therapeutically effective dose sufficient to stimulate human regulatory T cell
levels.

[0019a] In one aspect, there is provided an IL-2 variant protein containing the substitution D109C in
the amino acid sequence of SEQ ID NO: 1, wherein the IL-2 variant protein contains at least one
additional substitution selected from the group consisting of: C125S, N88R, N88I, N88G, D20H,
Q126L, and Q126F. In another aspect, there is provided a pharmaceutical composition comprising the

IL-2 variant protein disclosed herein and a pharmaceutically acceptable carrier,

DETAILED DESCRIPTION OF THE INVENTION

Introduction

[0020] This invention is a novel IL-2 variant protein that comprises an amino acid substitution that
enables specific and efficient chemical conjugation of a PEG polymer to the IL-2 variant protein
while maintaining high affinity for the IL-2 receptor, high bioactivity, and an extended circulating
half life compared to IL-2 itself. This variant protein was discovered through a process in which
candidate amino acid positions in the IL-2 sequence that were exposed to solvent in the published IL-
2- IL2Rafy receptor complex crystal structure were identified, and variant proteins were constructed
in which cysteine residues were substituted at the selected positions. These IL-2 variants were
expressed and purified, the variant proteins produced in sufficiently high levels were conjugated with
PEG-malelimide, and IL.2/N88R/D109C-PEG was then tested for bioactivity on Treg cells and shown
to be active. The molecule defined by this invention will enable the safe and effective treatment of
autoimmune diseases by the novel mechanism of stimulating the production of a small subpopulation
of T cells that suppress autoimmune and inflammatory pathology. This paradigm-breaking therapeutic

can potentially treat a number of different autoimmune diseases.

Definitions
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{6621} When referring to variants from a wild type protein, references to amino acid
substitutions such as “D109C” refer to the original residue aspartic acid (D) at position by

number (109} followed by the substituted residuce cysteine ().

10822]  “Atlecast a percent (eg. 97%) sequence identify to Sequence [} No. 17 as used
herein refers to the extent to which the sequence of two or more nucleic acids or polypeptides
is the same. The percent identity between a sequence of interest and a second sequence over
a window of evaluation, e.g., over the length of the sequence of interest, way be computed by
aligning the sequences, determining the mumber of residues (nucleotides or amino acids)
within the window of evaluation that arc opposite an identical residue allowing the
introduction of gaps to maximize identity, dividing by the total number of residues of the
sequence of mterest or the second sequence (whichever is greater) that fall within the
window, and wultiplyiog by 100, When computing the number of identical residues needed
to achieve a particular percent identity, fractions are to be rounded to the nearest whole
number, Percent identity can be calculated with the use of a vaniety of computer programs,
For example, computer programs such as BLASTZ, BLASTN, BLASTP, Gapped BLAST,
ete., gencrate alignments and provide percent identity between sequences of interest. The
algorithm of Karhin and Altschul (Karlin and Altschul, Proc. Natl. Acad. ScL USA 87:22264-
2268, 1990) modified as in Karlin and Altschul, Proc. Natl, Acad. ScL USA 90:5873-5877,
1993 is incorporated into the NBLAST and XBLAST programs of Altschul et al. {Altschul, et
al., J. Mol Biol. 215:403-410, 1990). To obtain gapped alignments for comparison purposes,
Gapped BLAST is utilized as described in Altschul et all {Altschul, et al. Nucleic Acids Res.
25:3389-3402, 1997). When utilizing BLAST and Gapped BLAST programs, the default
parameters of the respective programs may be used. A PAMZS0 or BLOSUM62 matrix may
be used. Software for performing BLAST analyses is publicly available through the National
Ceuter for Biotechnology Inforroation (NCBI). Sce the Web site baving URL world-wide
web address oft "nebinbm.nih.gov” for these programs. In the specific embodiment of the
claims, pereent identity is calculated using BLASTZ with default pararacters as provided by

the NCBL

{66231 An “IL-2 Sclective Agonist” of this invention is a 1L-2afly Selective Agonist.
Functionally it sclectively activates the ILZRafy receptor coraplex relative to the IL2R By
receptor complex. It is derived from a wild type -2 protein structurally defined as having at
least a 95% sequence identity to the wild type 1L-2 of Sequence 1D No. 1 and tunctionally

defined by the ability to preferentially activate Treg cells. The protein can also be

Q
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functionally defined by its ability to selectively activate IL-2 receptor signaling in Tregs, as
rocasured by the levels of phosphorylated STATS protein 1o Treg cells compared to CD4+
CDZ5-/low T cells or NK cells, or by the selective activation of Phytohemagglutinin-

stimulated T cells versus NK cells.

[6024]  “Tregs” or “Treg cells” refer to Regulatory T cells. Regulatory T cells are a class
of T cells that suppress the activity of other immune cells, and are defined using flow
cytometry by the cell marker phenotype CD4+CD25+FOXP3+, Because FOXP3 is an
intracellular protein and requires cell fixation and permeablization for staining, the cell
surface phenotype CD4+CD25+CD127- can be used for defining live Tregs. Tregs also
include various Treg subclasses, such as tTregs (thymus-derived) and pTregs {peripherally-
derived, ditferentiated from naive T cclls in the periphery). All Tregs cxpress the IW2Rofy
receptor, do not produce their own IL-2 and are dependent on IL-2 for growth, and sowcone
skilied in the art will recognize that both classes will be selectively activated by a IL2Rafly

selective agonist.

{BG325] A “PEG” 15 a poly(cethylene glyool) molecule which is a water-soluble polymer of
cthylene glycol. PEG molecules can be chemically conjugated to proteins to increase their
circnlating half-life. PEGs can be obtained in different sizes, and can also be obtained
commercially in chemically activated forms that are derivatized with chemically reactive
groups to enable covalent conjugation to proteins. Activated PEGs can be obtained from
commercial sources such as NOF America (White Plains, NY ) and Celares GrmbH (Berlin,
Germany). Linear PEGs are produced in various molecular weights, such as PEG polymers
of weight-average molecular weights of 5,000 daltons, 10,000 daltons, 20,000 daltons, 30,600
daltons, and 40,000 daltons. Branched PEG polymers have also been developed.
Commonly-used activated PEG polymers are those derivatized with N-hydroxysuccinimide
groups {(for conjugation to primary amines such as lysine residues and protein N-termini},
with aldehyde groups (for conjugation to N-terromny), and with maleimide or iodoacetamide

groups {for coupling to thiols such as cysteine residues).

180261 An “IL-2-PEG conjugate” is an 1L-2 protein to which PEG has been covalently
conjugated. The 1L-2 moiety can be wild-type 1L-2, 1L-2 with a C1258 substitution, one of
the preceding proteins with a substitutions at N8, D20, or 3126 that results in sclectivity
toward the IL2Rafy receptor, or one of the preceding proteins with an additional substitution

that enables site-specific conjugation of a PEG molecule.

10



WO 2016/025385 PCT/US2015/044462

{6627}  “Bicactivity” refers to the measurement of biological activity in a quantitative celi-

based in vifro assay.

[8028]  “Functional activation of Treg cells” is defined an 1L-2-raediated response in
Tregs. Assay readouts for functional activation of Treg cells includes stimmulation of

pSTATS, Treg cell proliferation, and stimulation of the levels of Treg effector proteins.
DESIGN AND CONSTRUCTION OF IL-2 MOIETIES FOR PEG CONJUGATION

{6329] The following considerations guided the design of the 1L-2 moiety that would best

fulfill the desired requirements.

(1} Free (unpaired) cysteine residucs were enginecred into IL-2 because of the
very specific reactivity of thiols with malemide- and iodoacetimide-activated

PEG reagents.

{2y Al constructs were made on the background of wild-type human IL-2 with the
substitution C1258, to remove the ouly unpaired cysteine residue in 1L-2, and
the substitution N8ER, which reduces affinity for IL2ZRB and thus sclective for

[L.2Rabg. C125 is divectly adjacent to the 3126, a major contact with IL2RG.

{3} Single additional cysteine substifutions were generated at surface-exposed

sttes on 1L-2 to enable efficient conjugation with water-soluble PEG.

{4y PEG conjugation sites were also chosen such that were exposed to solvent
within the L2~ IL2Rafy receptor complex {Wang, X., et al., 2005 Science.
310:1159-63), and thus unlikely to impair binding and activation of the

H.2Rapy.

{5} The variant proteins must express well and fold properly. The presence of a
novel free cysteine can result in improper intramolecular disulfide formation
and misfolding, or intermolecular disulfide bridges with other molecules

leading to aggregation.
General Methods

16638]  In general, preparation of the variant IL-2 proteins of the mvention can be
accomplished by procedures disclosed herein and by recognized recombinant BNA
techniques involving, ¢.g., polymerase chain amplification reactions (PCR), preparation of

plasmid BNA, cleavage of DNA with restriction enzymes, preparation of oligonucieotides,

i1
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figation of DNA, solation of mRNA, introduction of the DNA into a suitable cell,
transformation or transfection of a host, culturing of the host. Additionally, the fusion
molecules can be isolated and purified using chaotropic agents and well known
electrophoretic, centrifugation and chromatographic methods. Sce generally, Sambrook ¢t al,,
Molecular Cloning: A Laboratory Manual (2nd ed. (1989); and Ausubel et al.,, Current
Protocols in Molecular Biology, John Wilcy & Sons, New York (1989} for disclosure relating

to these methods.

{80311 The genes encoding the variant proteins of this invention invelve restriction enzyme
digestion and ligation as the basic steps employed to yicld DNA encoding the desired fusions.
The ends of the DNA fragment may require medification prior to ligation, and this may be
accomplished by filling in overhangs, deleting terrainal portions of the fragment(s) with
nucleases {e.g., Exolll}, sife directed rmutagenesis, or by adding new base pairs by PCR.
Polylinkers and adaptors may be emiployed to factlitate joining of selected fragments. The
expression construct is typically asserabled 1u stages eroploving rounds of restriction,
iigation, and transformation of E. coli. Numerous cloning vectors suitable for construction of
the expression construct are known i the art (larobda. ZAP, Agilent; pET, EMD Millipore)
and the particular choice 15 not critical to the invention. The selection of cloning vector will
be mflucnced by the gene transfer system selected for introduction of the expression
construct into the host ceil. At the end of each stage, the resulting construct may be analyzed

by restriction, DNA sequence, hybridization and PCR analyses.

16632] Site-directed mutagenesis 15 typically used to introduce specific mutations into the
genes encoding the 1L.-2 variant proteins of this invention by methods known in the art. See,
for exaraple, U.S. Patent Application Publication 2004/0171154; Storict et al., 2001, Nature
Biotechnology 19: 773-776,; Kren et al., 1998, Nat. Med. 4: 285-290; and Calissano and
Macino, 1996, Fungal Genet. Newslett. 43: 13-16. Any site-directed mutagenesis procedure
can be used in the present invention. There are wany commercial Kits availabie that can be

used to prepare the variants of this invention.

180337 Various promoters (transcriptional initiation regulatory region) may be used
according to the invention. The selection of the appropriate promoter is dependent upou the
proposed expression host. Promoters from heterologous sources may be used as long as they

are functional in the chosen host.
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{¢034] IL-2 proteins may be expressed in £. coli without a signal sequence, and proteins
recovered from inclusion bodies and refolded into active form. Such an expression sysiem

described in US Patent 7,105,653 B2,

10835 Various signal sequences may be used to facilitate expression of the proteins
described herein., Signal sequence are selected or designed for efficient secretion and
processing in the expression host may also be used. The native human [L-2 signal sequence,
the signal sequence which is hornologous to the TCR coding sequence, or the signal sequence
which is homologous to the mouse 1L.-2 coding sequence may be used for mammalian cells.
Other suttable signal sequence/host cell pairs include the £ subtifis sacB signal sequence for
secretion in B, subtilis, and the Saccharomyces cerevisiae g~-mating factor or P. pastoris acid
phosphatase phol signal scquences for P. pastoris secrction. The signal sequence may be
jowned divectly through the sequence encoding the signal peptidase cleavage site to the protein

coding sequence, or through a short nucleotide bridge.

{6036] Flements for cnhancing transcription and translation have been identified for
eukaryotic protein expression systems. For example, positioning the cauliflower mosaic virus
{CaMV) promoter 1000 bp on cither side of a heterologous promoter may clevate
transcriptional levels by 10- to 400-fold in plant cells. The expression construct should also
include the appropriate translational initiation sequences. Modification of the expression
construct to inchude a Kozak consensus sequence for proper translational initiation may

increase the level of translation by 18 fold.

{6637} The cxpression cassettes are joined to appropriate vectors compatible with the host
that 1s being employed. The vector must be able to accommodate the DNA sequence coding
for the fusion proteins to be expressed. Suitable host cells include cukaryotic and prokaryotic
cells, preferably those cells that can be easily transformed and exhibit rapid growth in culture
medium. Specifically preferred hosts cells inchide prokaryetes such as £, coli, Bacillus
subtillus, etc. and eukaryotes such as animal cells and yeast strains, ¢.¢., S, cerevisiae.
Mammalian cells are generally preferred, particularly HEK, 1558, NSO, SP2-0 or CHO.
Other suitable hosts include, ¢.g., insect cells such as Sf2. Conventional culturing conditions
are employed. Sce Sambrook, supra. Stable transformed or transfected cell lines can then be
selected. fn vitro transcription-translation systems can also be employed as an expression

system.
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{G038] Nucleic acid encoding a desired 1L-2 variant protein can be introduced into a host
cell by standard technigues for trausfecting cells. The term "transfecting” or "transfection” is
intended to encompass all conventional techniques for introducing nucleic acid into host
cells, including calcium phosphate co-precipitation, DEAE-dextran-mediated transfection,
lipofection, electroporation, microinjection, viral transduction and/or integration. Suitable
racthods for transtocting host cells can be found in Sambrook et al. supra, and other

laboratory textbooks.

{80391 Alternatively, one can use synthetic gene construction for all or part of the
construction of the proteins described herein. This entails in virro synthesis of a designed
polynucleotide molecule to encode a polypeptide molecule of interest. Gene synthesis can be
performed wtilizing a number of techniques, such as the multiplex microchip-based
technology described by Tian, et. al,, (Tian, et. al,, Nature 432:1050-1054) and similar
technologies wherein olgionucleotides are synthesized and assembled upon photo-

programmable microfluidic chips.

{6048]  The IL-2 variant proteins of this invention are isolated from harvested host cells or
from the culture medium. Standard protein purification technigues are used to isolate the
proteins of interest from the mediur or from the harvested cells. In particular, the
purification technigques can be used to express and purify a desired 1L-2 variant protein on a
large-scale (i.e., 10 at least milligram quantities) from a variety of approaches 1ncluding roller

bottles, spinner flasks, tissue culture plates, bioreactor, or a fermenter,

(#0341} Protein expression systems have been developed that enable incorporation of non-
natural amino acids into recombinant proteins (Kum, C. H., et al. Curr Opin Chem Biol. 2013
S1367-5931{13)00071-9). These expression systems can incorporate non-natural amino
acids that have chernical reactivity that enables site-specific PEGylation of proteins at those
positions. As an alternative to the use of free cysteine residues, someone skitled in the art
would recognize that the IL-2 amine acid positions identified herein could also be substituted
with non-natural amino acids instead of cysteine to accomplish similar goals of attaching
PEG or other non-immunogenic polymers to IL-2 for the purpose of increasing circulating

half-life.

{68342] A skilled artisan would also recognize that the 1L.2 selective agonist moiety of this
mvention could also be conjugated with other non-immunogenic polymers. Two such

polyraers are recombinant son-iromunogenic armno acid polymers such as XTEN polymers,
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chains of A, E, G, P, 8, and T amino acids {Schellenberger, V., et. al., 2009, Nat Biotechnol.
27:11R6-90)), and PAS polymers, chatns of P, A, and § arno acid residues (Schlapschy, M.,

gt. al., 2007, Protein Eng Des Sel. 20:273-84),

THE ILZ SELECTIVE AGONIST MOIETY

{00437 TL-2 with the substitution N88R 1s an cxemplary case of an 1L2 Selective Agonist
for the IL2Rafly receptor {Shanafelt, A. B, et al,, 2000, Nat Biotechnol. 18:1197-202}.
TL2/N88R is deficient in binding to the ILZRB receptor subunit and the IL2R By receptor
complex, but is able to bind to the IL2Rafly receptor complex and stimulate the proliferation
of ILZRafy -expressing PHA-activated T cells as effectively as we {L-2, while exhibiting a
3,000 fold reduced ability to stivaulate the profiferation of IL2RBy-expressing NK cells, Other
{L2RaPy selective agonists with similar activity profiles inchude 1L-2 with the substitutions
NESI, N8B, and D20H, and other IL2 vanants with the substitutions Q1261 and Q126F
{contact residues with the HL2ZRG subunit) also possess ILZRafly ~selective agonist activity
(Cassell, D, J., et. al,, 2002, Curr Pharm Des., 8:2171-83). A practitioner skilled in the art
would recognize that any of these L2 Selective Agonist molecuies can be substituted for the
TL2/N88R moicty with the expectation that an Fe fusion protein will have simailar activity.
All of the aforementioned mutations can be made on the background of we 1L-2, or wr 1L-2
with the substitution C1258, which is a substitution that promotes 1L-2 stability by
eliminating an unpaired cysteme residue. This mvention can also be used with other
rutations or truncations that improve production or stability without significantly impacting

1L-2 receptor activating activity.

{8644} The vanants of this invention optionally inchude conservatively substituted variaots
that apply to both amino acid and nucleic acid sequences. With respect to particular nucleic
acid sequences, conservatively modified varants refer to those nucleic acids which encode
identical or essentially identical amino acid sequences, or where the nucleic acid does not
cncode an amino acid sequence, to essentially identical sequences. Specifically, degencrate
codon substitutions may be achieved by generating sequences in which the third position of
onc or more selected {or all) codons 1s substituted with mixed base and/or deoxyinosine
restdues {Batzer et al., Nucleic Acid Res. 195081 (1991); Ohtsuka et al., }. Biol. Chem.
260:2605-2608 (1985); Rossolini et al., Mol. Ccll. Probes 8:91-98 (1994}). Because of the

degeneracy of the genetic code, a large number of functionally identical nucleic acids encode

o
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any given protein. For instance, the codons GCA, GCC, GCG and GCU all encode the amino
acid alanine. Thus, at every position where an alanime is specified by a codon, the codon can
be altered to any of the corresponding codons described without altering the encoded
polypeptide. Such nucleic acid variations are silent variations, which are one specics of
conservatively medified variations. Every nucleic acid sequence herein which encodes a
polypeptide also describes every possible silent variation of the nucleic acid. One of slall
will recognize that cach codon in a nucleic acid (except AUG, which is ordinarily the ounly
codon for methionine, and TGG, which is ordinarily the only codon for tryptophan) can be
maodified to yield a functionally identical molecule. Accordingly, each silent variation of a

nucleic acid which encodes a polypeptide is imaplicit in each described sequence.

[6045]  With regard to conservative substitution of aroino acid sequences, onc of skill will
recognize that individual substitutions, deletions or additions to a nucleic acid, peptide,
polypeptide, or protein sequence which alters, adds or deletes a single amino acid or a small
percentage of amino acids in the encoded sequence 1s a conservatively moditied variant
where the alteration results in the substitution of an amine acid with a chemically similar
amino acid. Conservative substitution tables providing functionally similar aroino acids are
well known in the art. Such conservatively modified vartants are in addition to and do not

exclude polymorphic variants, interspecics homologs, and alleles of the invention.

[B046]  The following groups cach contain amino acids that are conservative substitutions

for one another:
1} Alanine (A), Glycine (G}
2} Serine (8}, Threonine {T);
3y Aspartic acid (D), Glutamic acid (E);
4y Asparagine (N}, Glutamioe (Q);
5y Cystemne (C), Mcethionine (M},
6)  Arginioe (R), Lysine (K), Histidine (H});
7y Isoleucine {1}, Leucine (L), Valine {(V); and

%)  Phenylalanine (F}, Tyrosine (YY), Tryptophan {W).

16



WO 2016/025385 PCT/US2015/044462

{0047] Examples of conservative substitutions that would be tolerated in IL-2 inchude Y,

3IF, T51S, QSTN, E100D, and TI11S.
BIOASSAYS

{3048] Robust and quantitative bicassays are necessary for the characterization of the
biological activity of candidate proteins. These assays should measure the activation of the
{12 receptor, measure the downstrear functional conseguences of activation in Tregs, and
measure therapeutically-relevant outcomes and functions of the activated Tregs. These
assays can be used the measure the therapeuntic activity and potency of IL2 PEG conjugate
molecules, and can also be used for measurement of the pharmacodynamics of an L2 PEG
conjugate in animals or in hursans. One assay measures the phosphorylation of the signal
transduction protein STATS, measured flow cytometry with an antibody specific for the
phosphorviated protein (pSTATS}. Phosphorylation of STATS is an cssential step in the IL-2
signal transduction pathway. STATS is essential for Treg development, and a constitutively
Treg cells in the absence of IL-2 (Mahmud, 8. A etal,, 2013, JAKSTAT 2:223154).
Therefore, measurement of phosphorylated STATS (pSTATS) in Treg cells will be
recognized by someone skilled n the art as reflective of HL-2 activation 1o these cells, and
will be predictive of other biclogical outcomes of [L-2 treatment given appropriate exposure
tivae and conditions. Another assay for functional activation measures IL-2-stimulated
profiferation of Treg cells. Someone skilled in the art will recognize that Treg proliferation
can be measured by tritiated thymidine mncorporation mto purified Treg cells, by an increase
in Treg cell numbers in a mixed population of cells measured by flow cytometry and the
frequencics of CD4+CD25+FOXP3+ or the CD4+CD25+CD 127 - marker phenotypes, by
increased expression in Treg cells of proliferation-associated cell cycle proteins, such as Ki-
67, or by measurcment of the cell division-associated dilution of a vital fluorescent dye such
as carboxytluorescemn succinivoidyl ester (CFSE) by flow cytometry i Treg cells. Another
assay for functional activation of Tregs with 11-2 s the increased stability of Tregs. pTreg
cells are thought by some to be unstable, and have the potential {o differentiate into Thi and
Thi17 effector T cells. 1L-2 activation of Tregs can stabilize Tregs and prevent this
differentiation (Chen, (., ¢t al,, 2011, J Immunol, 186:6323-37). Another outcome of 1L-2
stimulation of Tregs is the stimulation of the level of Treg functional effector molecules, such
as CTLA4, GITR, LAG3, TIGIT, IL-10, CD39, and CD73, which contribute to the

immunosuppressive activity of Tregs.
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FORMULATION

{6649] Pharmaceutical compositions of the fusion proteins of the present invention are
defived as formulated for paventeral {(particularly wnitravenous or subcutaneous) delivery
according to conventional methods. In general, pharmaceutical formmulations will include
fusion proteins of the present invention in combination with a pharmaceutically acceptable
vehicle, such as saline, buffered saline, 5% dextrose in water, or the like. Formulations may
further include one or more excipients, preservatives, sohubilizers, buffering agents, albumin
to prevent protein loss on vial surfaces, etc. Methods of formulation are well known tn the
art and are disclosed, for example, 1n Remington: The Science and Practice of Pharmacy,

Gennaro, ed., Mack Publishing Co., Easton, Pa., 19.sup.th ed., 1993,

{B6338]  As an illustration, pharmaceutical formulations may be supplied as a kit comprising
a container that cornprises fusion proteins of the present invention. Therapeutic proteins can
be provided in the form of an injectable sohution for single or multiple doses, as a sterile
powder that will be reconstituted before injection, or as a prefilled syringe. Such a kit may
further comprise written information on indications and usage of the pharmaceutical
composition. Morecover, such information may include a statement that the fusion proteins of
the present invention is contraindicated n patients with known hyperseusitivity to fusion

proteins of the present invention.

{8051} The IL-2-PEG conjugate of this invention can be incorporated into compositions,
including pharmaceutical compositions. Such composttions typically include the protein and
a pharmaccutically acceptable carrier. As used herein, the term "pharmaceutically acceptable
carrier” includes, but 1s not himited to, saline, solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. Supplementary active compounds {c.g.,

antibiotics) can also be incorporated into the compositions.

{6632} A pharmaceutical composition is formulated to be compatible with its intended
route of administration. The IL-2-PEG conjugate of the invention is likely that to be
administered through a pareuteral route. Examples of parenteral routes of administration
include, for example, intravenous, imdradermal, and subcutancous. Solutions or suspensions
used for parenteral application can include the following components: a sterile diluent such as
water for injoction, saline solution, polycthylene glyeols, glycerine, propylene glycol or other

synthetic solvents; antibacterial agents such as benzyl alcohol or methy! parabens;
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antipxidants such as ascorbic acid or sodium bisulfate; chelating agents such as
cthylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and agents
for the adjustment of tonicity such as sodium chloride or dextrose. pH can be adjusted with
acids or bases, such as mono- and/or di-basic sodium phosphate, hydrochloric acid or sodium
hydroxide {e.g., to a pH of about 7.2-7 K, e.g., 7.5). The parenteral preparation can be

enclosed in ampoules, disposable syringes or raultiple dose vials made of glass or plastic,

{8683} Pharmaccutical compositions suitable for injectable use fclude sterile aqueous
solutions or dispersions and sterile powders for the extemporancous preparation of sterile
injectable solutions or dispersion. For intravenous administration, suitable carriers include
physiological saline, bacteriostatic water, or phosphate buffered saline (PBS). In all cases, the
composition should be sterile and should be fluid to the extent that casy syringability cxists. |t
should be stable under the conditions of manufacture and storage and must be preserved
against the contaminating action of microorganisms such as bacteria and fungi. The carrier
can be a solvent or dispersion raedium containing, for example, water, ethanol, polyol (for
example, glycerol, propylene glycol, and liquid polyethylene glycol, and the like}, and
suitable rxtures thereof. The roaintenance of the requived particle size 1o the case of
dispersion may be facilitated by the use of surfactants, ¢.g., Polysorbate or Tween. Prevention
of the action of raicroorganisims can be achicved by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like.
In many cases, it will be preferable to include isotonic agents, for cxample, sugars,

polyalcohols such as mannitol, sorbitol, sodium chloride i the composition.

80841 Sterile injectable solutions can be prepared by incorporating the active compound in
the required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the active compound into a sterile vehicle, which contains a basic
dispersion medivr and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, the preferred
methods of preparation are vacuurn drying and frecze-drying which vields a powder of the
active ingredient phus any additional desired ingredient from a previously sterile~filtered

sofution thereof.

{B6858]  In one cmbodiment, the IL-2-PEG conjugate 1s prepared with carriers that will

protect the IL-2-PEG conjugate against rapid elimination from the body, such as a controlied
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release formulation, including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polyroers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Such

forraulations can be prepared using standard techniques.

[6636] The pharmaceutical coropositions can be included n a contaiver, pack, or dispeunser

together with instructions for administration.
ADMINISTRATION

1665871 IL-2-PEG conjugates of the present invention will preferably be adrministered by the
parenteral route. The subcutancous route 1s the preferced route, but intravenous,
intramuscular, and subdermal administration can alse be used. For subcutancous or
intravouscular routes, depots and depot formulations can be used. For certain discases
specialized routes of administration can be used. For instance, for inflammatory cye diseases
intraocular injection can be used. Fuston proteins can be used in a concentration of about 0.1
to 10 meg/mi of total volume, although concentrations in the range of .01 meg/ml to 100

meg/ral may be used.

[6038] Deterromnation of dose is within the level of ordinary skill in the art. Dosing is daily
or weekly over the period of treatment, or may be at another mtermittent frequency.
Intravenous adrainistration will be by bolus injection or infusion over a typical period of one
to several hours. Sustained release formulations can also be eraployed. In general, a
therapeutically effective amount of the IL-2-PEG conjugate of the preosent invention is an
amount sufficient to produce a chimcally significant change in the treated condition, such as a
clinically significant change in circulating Treg cells, a clinically significant change in Treg

cells present within a diseased tissue, or a chinically sigoificant change in a disease symptom.

{8059] The data obtained from the cell culture assays and animal studies can be used in
forrmulating a range of dosage for use in humans. The dosage of such compounds lies
preferably within a range of circulating conceutrations that fnclade the half maxiroal effective
concentration (ECS0; i.e., the concentration of the test compound which achicves a half-
roaximal stimulation of Treg cells) with little or no toxicity. The dosage may vary withio this
range depending upon the dosage form emploved and the route of administration utilized. For
any corapound used in the method of the mvention, the therapeutically effective dose can be
estimated inttially from cell culture assays. A dose may be formulated in animal models to

achieve a circulating plasma concentration range that includes the ECS0 as determined i cell
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culture. Such information can be used to more accurately determine useful doses in humans.
Levels in plasma may be measured, for example, by enzyme-linked iromunosorbent assays.

o

[8668]  As defined herein, a therapeutically effective amount of a 1L-2-PEG conjugate (i.c.,
an effective dosage) depends on the polypeptide selected and the dose frequency. For
instance, single dose amounts in the range of approximately §.001 o 0.1 mag/kg of patient
body weight can be administered; in some embodiments, about 0.005, 0.01, 0.05 mg/kg may
be administered. The compositions can be adminmstered from oue time per day to ouvc or
more times per week, or one or more times per month; inclading once every other day. The
skilled artisan will appreciate that certain factors may influence the dosage and timing
required to effectively treat a subject, including but not limited to the severity of the discase
or disorder, previous treatments, the gencral health and/or age of the subject, the level of Treg
cells present in the patient, and other diseases present. Moreover, freatment of 4 subject with
a therapeutically effective amount of the IL-2 selective agonist PEG conjugate of the

invention is Hkely to be a sertes of treatments.
Autoimmune Diseases

{#361] Some of the diseases that can benefit from the therapy of this invention have been
noted. However, the role of Treg cells i autoiromune discascs is a very active area of
research, and additional diseases will likely be wdentified as treatable by this invention.
Autoimmune diseases are defined as human diseases in which the immune system attacks its
own proteins, cells, and tissucs. A comprehensive listing and review of autoimmune diseases

can be found in The Autoimmune Diseases (Rose and Mackay, 2014, Academic Press).

(#0662} All publications and patent applications cited in this specification are herein
incorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference.,

180637 Although the foregoing invention has been described in some detatl by way of
itustration and example for purposes of clarity of understanding, it will be readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

appended claims.

EXAMPLES
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{#064] The following cxamples are provided by way of illustration only and not by way of
limitation. Those of skill will readily recognize a variety of noncritical parameters which

could be changed or modified to yield essentially similar results.

1. Prediction of candidate PEG attachment sites in 1L-2

[8065] To sclect candidate sites for conjugating PEG to 1L-2, amuno acid residues that are
exposed to solvent and do not appear to interfere directly or sterically with 1L-2 binding to
the 1L-2Rofiy were identified. The sirategy is shown diagrammatically in Figure 2.
Inspection of the published crystal stracture of IL-2 10 complex with the extracelular
domains of the IL-2Rofyv receptor (Wang, X, et al., 2005, Science 310:1159-63, Stauber, D.
J., et al., 2006, Proc Nat! Acad Sci 103:2788-93) identified the following residues; 56, K8,
K4R, K49, TS1, E52, K54, K97, G98, F103, M104, E106, D109, and T133 (Figure 3).
Additional amino acid residues that are not visible in the crystal structure, but, based on
information about neighboring residues are likely to fulfill the critenia, are A1, P2, T3, 54,
S35, 899, E100, T101, and T102. Based on this list of candidates, 12 variants (T3C, 86C,
K&C, K48C, K49C, T51C, K97C, G98C, F103C, M104C, E106C, and D109C) with cysteine

substitutions at the indicated positions were constructed and produced (TABLE ).

2. Cloning, expression, and purification of 1L2 Selective Agonist variant proteins in £,

coli,

[3866] cDNAs encoding proteins with cach of the substitutions listed in Table 1 made on
the background of human {L-2 (SEQ 1D NO:1) containing the substitutions N8KR and C1268
were prepared by DNA synthesis (Genescript, Piscataway, NI}, incorporating the restriction
sttes NCOT and BAM HI at the 57 and 37 ends, respectively, and cloned into pUCS7. cDNA
mserts were then cloned into the pET3d vector (EMD Millipore, Billerica, Massachusetts)
using the Neol and BAM H1 sites. Constructs were transformed into BL21{DE3) cells and
selected for ampicillin resistance. Transformed cells were grown in LB media containing 50
ag/mi ampicillin and 1% ghucose at 37 C m 0.5 L cultures to an ABS280 of between §.6 and
1.0, PTG was then added to 0.5 mM to induce protein expression, and cultures harvested at

3 hours post-induction.

186671 Cells were pelleted by cenirifugation at 10,000xg for 10 nunutes. Toclusion bodies

(IB) were extracted and purified from cell peliets using Bugbuster (EMD Millipore, Billerica,
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Massachusetts) according to the manufacturers instructions, and a sample taken for analysis
by SDS-PAGE. 1Bs were dissolved and devatared in 8 M guanidine hydrochloride m 0.1 M
Tris/HCL (pH 8.0} containing 0.1% (vol/vol} Z-mercaptocthancl for 2 hours at room
teraperature. Proteins were then refolded by dialysis against 20 volumes of 10 mM Tris/HCL
{pH 8.0)/1 mM EDTA for 12 hours at room temperature.  Trifluoroacetic acid (TFA) was
then added to the samples to 0.1%, samples clarified by centritfugation to remove precipitate,
filtered through a 0.2 uM filter, and purified by reverse phase chromatography. 1L-2 variants
were loaded onto a Vydac 208TPS4 C-8 column in 0.1% TFA st a flow rate of | mi/munute
and were cluted with a 45 nun gradient of 0-75% acetouwitrile in 0.19% TFA. Fractions were
screencd by SDS-PAGE, with 1L-2 variant proteins typically eluting at approximately 60%

acetonitrile,

{8068] The results of these production studies are summarized in TABLE L Of the 12
variants selected for production, only 7 yielded detectable IL-2 protein peaks after reverse-
phase chromatography. Of these 7 proteins, 5 exhibited yields that were very low and
produced msufficient material for further studies at the scale performed. Of the remaining 2
proteins, one, the DI09C variant, which was produced at the highest level, was PEGylated
and tested. These results indicate that the ability to produce these variant proteins with single
unpaired cysteine residues varics widely, and that many can not be casily produced. This
could be due to a variety of factors, such as toxicity of the recombinant protein to the £, cofi
host, ingbility to form inclusion bodics, or low efficiency of refolding. Modification of the
production process, or expressing the proteins in other expression systerns, such as iu
mamimalian cells as a secreted protein, could improve productivity of some of the other
variants. However, 1o this expression system the D109C variant exhibits clearly superior

from the production levels.

TABLE 1. Summary of the production of [L-2 variant proteins in E, coli.

1L-2 Selective Agonist | Peak Height, mAU
Variant {218¢ oM}
- i
T3C nd
S6C nd
K8C nd
K48C 1
K49C 11
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FL~-2 Selective Agonist | Peak Height, mAU
Yariant {286 nM}
T51C nd
K97C i
GIRC 1
F103C nd
M104C 2
E106C nd
D109C 26

Peak height represents the relative final vield of variant protein ou reverse phase chromatography.

nd = peak not detected.

3. PEGylation of IL2/NSSR/CI255/DHESC,

{8669]  Purified IL2/NESR/CIZSS/DTO9C was conjugated to a 20 kDa PEG to test
bioactivity of the conjugate. IL2/NBBR/CI1255/D109C was dialysed into 0.1 M MES (pH
6.0}, protein conceniration determined by OD280 using an extinction coethicicnt of §.655
{Abs 280 nM at (.1%), and reacted with a 50 fold molar excess of maleimide-PEG (28,000
¢/M; NOF America, White Plains, NY) for 30 minutes at room temperature. The reaction
was stopped by adding L-cysteine to a 2-fold molar excess over malemide-PEG. Analysis of
10 ug of the reaction mixture by SDS-PAGE mndicated no detectable residual unreacted 1L-2

protein.

4. Activity of PEGylated IL2Z/NEBER/CI255/D8%C on T cells.

16678]  The activity of PEGylated TL2/NEBR/CI25S/D109C on T cells was determuned by
measuring stumulation of phospho-STATS (pSTATS) levels in CD4+ T cell subsets.
Activation of the IL-2 receptor, through binding of 1L-2 to a heterodimer of IL2RB and
{L2RG, promotes the interaction of the JAKI and JAKS proteins with the IL2RB and IL2RG
cytoplasmic domains, respectively, stimulating the phosphorylation of the STATS protein
{(pSTATS) that then transduces the 1L-2 signal to the nuclens. STATS is necessary for the
development of Treg cells, and artificial activation of STATS in CD4+ T cells is sufficient for
productions of Treg cells in the absence of IL-2 (Mahmud, S. A, et al., 2013, JAKSTAT
2:¢231354y. Levels of pSTATS were measured with an antibody fo a phosphorylated STATS

peptide by fluorcscent activated cell sorting (FACS) in permeabilized cells, Treg cells
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constitutively express CD25, and ceils that are in the top 1% of CD25 cxpression levels are
highly enriched for Treg cells (Jailwala, P, et al., 2009, PLoS One. 2009; 4:¢6527; Long, 5.
A., ctal, 2010, Diabetes 59:407-15). Therefore, the FACS data was gated into Do shish {the

top 1-2% of CD25 expressing cellsy and CD25Y" groups.

{66711  Cryopreserved human PBMC (Astarte Biologics, Seattle, WA} were defrosted,
washed in X-VIVO 15 (Lonza, Allendale, NJ) media containing 1% human AB serum
{Mediatech, Manassas, VA) and allowed to recover for 2 hours at 37 €. Cells were then
distributed in 0.1 mi into 15x75 mm tubes at a concentration of 5 x 10° cells/ml. Cells were
treated with 4 nM IL-2, 40 nM PEG-IL2/NEBR/D09C or IL2/NEER/D109C, or an equivalent
amount of malemido-PEG reacted with L-cysteine for 10 minutes at 37 C, and then fixed
with Cytofix Fixation Buffer at 37C for 10 minutes. Fixed cells were permeabilized with
Perm Buffer HE (BD Biosciences, Santa Clara, CA) for 30 minuies on ice, washed, and then
stained with a mixture of anti-CD4-Pacific Blue (BD Biosciences, Santa Clara, CA), anti-
CD25-AF488 {eBioscience, San Diego, CA), and anti-pSTATS-AFS47 (BD Biosciences)
antibodies for 30 minutes at 20 C, washed, and analyzed by FACS on an LSRRI flow

cytometer (BD Bioscicnces).

{80721 The results of this experiment indicated that both [L2/NBRR/C1258/3109C and
IL2/NRRR/C125S/DI09C-PEG selectively activated a small subpopulation of CD4+CD25"E
cells enriched for Treg cells compared to 1L-2 (Figure 2). 1L-2 activated over 80% of CD4+
T cells at 4 nM 1L-2, with a high proportion of the activated celis expressing low levels of or
no CD25. These results indicate that PEGylated IL2/NSSR/C1255/DI09C retains sclective

ability to activate Tregs.

5. Selectivity of IL2 Selective Agonist-PEG conjugate protein in human PBMC

18073] To determine the selectivity of IL2/NSRR/CI1258/DIOSC-PEG in a broader
biological context, an assay was developed to measure STATS activation across all key
immune cell types in crude unfractionated human PBMC. Human PBMC were isolated by
Ficoll-Hypague centrifugation from a normal volunteer. 10° PBMC were suspended in X-
VIVO15 media with glucose {Lonza) and 10% FBS (Omega), and were treated with 107" M
test proteins for 20 roin at 37°C. Cells were then treated with Foxp3/Transcription Factor
Staining Buffer Set (EBI(O) according to the manmufacturer’s instructions. Cells were then

fixed with Cytofix buffer and perracabilized with Perra Bufter I as deseribed m Example 3.
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Fixed and permeabilized cells were then washed with 1% FBS/PBS and stained with
antibody muxture for 60 minutes at room temperature in the dark. Stained cells were then
washed in 1% FBS/PBS, resuspended in PBS, and analyzed on a Fortessa flow cytometer
{BD Bioscicnces). The antibody mix consisted of: anti-CD4-PerCP-Cy3.5 (BD, #5606503,
anti-pSTATS-AF-48R (BD, #612598}, anti-CD25-PE (BD, #560989), anti-CDS6-PE-CF394
(BD, #562328), anti-FOXP3-AF647 (BD, #560889), anti-CD3-V450 (BD, 560366), and anti-
CD8-BVOS0 (Biolegend, #301041). This staining procedure enabled monitoring of pSTATS

levels in 7 key immune cells types.

{8074} Cell phenotypes were defined as follows: Treg cells: CD3+, CD4+, Foxp3+,
CD25M CD8-, CD56-; activated (D4 Teff cells: CD3+, CD4+, Foxp3-, CD25 M9 CDE&-,
CD56-; CD4 Teff cells: CD3+, CD4+, Foxp3-, CD25°Y, CDR-, CD56-; NKT cells: CD3+,
CD4-, Foxp3-, CD25%, CDR-, CDS6+; NI cells: CD3-, CD4-, Foxp3-, CD25°Y, CDS-,
CD56+; B cells: CD3-, CD4-, Foxp3-, CD25°Y, CD8-, CD56-.

10G75] Proteins were tested in this assay at a concentration of 10°° M. The results, shown
in FIGURE §, show that both IL2Z/NESR/C1255/B109C and IL2Z/NRER/C1255/D109C-PEG
exhibited remarkable selectivity compared to wr IL2, which activated pSTATS in large
fractions of all the cell populations, HL2Z/NEBR/CI25S/DI109C-PEG stimaulated pSTATS
signal in the Treg population at essentially the same level as that of wr 1L-2. Additional
analysis (not shown) showed that the pSTATS+ NK cells were CD25™# which is

characteristic of NK-CD56Me

cells, an NK cell subpopulation which also has
immuncregulatory activity (Poli, A, ¢t al, 2009 Immunoclogy. 126(4):458-65). These results
demounstrate the activity and high selectivity of IL2Z/NRRR/C1258/D10SC-PEG for Tregs ina

complex biological milicu.
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SEQUERCE LISTING

ORGANISM: Homo sapiens

«400> SHEHQUENCE: 1

Ala Pro Thr Ser Ser Ser Thr Lys

1 5

Leu Leu Leu Asp Leu Gln Met Ile
2 {

Asn Pro Leu Thr Arg Met Leu

40

Lys Ala Thr Glu Leu Lys His Leu
20 55

Pro Leu Glu Glu Val Leu Asn Leu

65 70

Arg Pro Arg Asp Leu Tle Sexr Asn

Lys Gly Ser Glu Thr Thr Met

Glu Phe Leu Asn Arc
]

Tle Sexr Thr Leu Thr
130

Phs

Asa
80

Glu

27

Leu

Ile

Phs
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60

Ala

Phe

3
Ui

[E=N
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WHAT IS CLAIMED IS:

1. An IL-2 variant protein containing the substitution D109C in the amino acid sequence of SEQ ID
NO: 1, wherein the IL-2 variant protein contains at least one additional substitution selected from the

group consisting of: C125S, N88R, N88IL, N88G, D20H, Q126L, and Q126F.

2. The IL-2 variant protein of claim 1 having a polyethylene glycol moiety linked to the cysteine at
position 109, wherein the polyethylene glycol moiety has a molecular weight of between 5 and 40
kDa.

3. The IL-2 variant protein of claim 2, wherein the IL-2 variant protein contains the substitution N§8R

and the substitution C1258S.

4. A pharmaceutical composition comprising the IL-2 variant protein of claim 1 and a

pharmaceutically acceptable carrier.

5. The IL-2 variant protein of claim 1, wherein the IL-2 variant protein contains the substitution N§§R

and the substitution C1258.
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