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IL2 MUTEINS

CROSS-REFERENCE TO RELATED APPLICATION

The present application clatms priority to U.S. Provisional Patent Application No.
62/960,847, filed on January 14, 2020, the disclosure of which is incosporated herein by

reference in ifs enfirety for all purposes.

STATEMENT REGARDING GOVERNMENT FUNDING

No United States government funding was used in the conception or reduction to

practice of the subject matter of the present disclosure.

BACKGROUND OF THE INVENTION

Interdeukin 2 (IL-2} 1s a pluripotent eytokine produced primarily by activaied CD4+ T
cells that is involved in producing a norroal ionwune respouse. 1L-2 exerts a wide spectrum of
effects on the inwnune system and plays important roles in regulating both inunune
activation, suppression and homeostasis. IL-2 promotes proliferation and expansion of
activated T lvmphocyies, potentiates B cell growth, and activates monocytes and natural
killer cells. The amino acid sequence of human IL-2 (SEQ 1D NO:1) is found in Genbank
under accession locator NP 000577 2.

As an immmune system stimulator, 1L-2 has found use in the treatment of cancer and
chronic viral infections. However, the effects of IL-2 have also been associated with
mediation of autoimmunity and transplant rejection. L2 therapy, especially at high doses,
has been associated with significant toxicity in human subjects. Consequently, a therapeutic
goal 1s 1o maintain desired actions of IL2 while minimizing associated auloimmune or
immunosuppressive responses. Because of s roles n wwmune regulation and disease, the
search for new IL-2 analogs and variants remaing an active area of research.

1L-2 exerts i3 effect on mammalian imomune cells through inleraction with three
different cell surface proteins: {1) CD25 {also referred to as the IL2 receptor alpha, IL-2Ra,
PS5y, CD122 {also referred to as the mterleukin-2 receptor beta, IL2ZRJ, IL15RJ and p70-75},
and CD132 (also referred to as the juterteukin 2 receptor gamma, H.-2Ry; or comwnon ganuna

chain as it is a componenti of other multimeric recepiors in this famuly .}



(2

10

B2
wr

(ol
<

WO 2021/146481 PCT/US2021/013514

D25 1s a 55 kD polvpeptide that is constituitively expressed in Treg cells and
inducibly expressed on other T cells in response to activation {e.g. by CD3). hIL-2 binds to
hCD25 with a Kd of approximately 10™°M. CD25 is also refarred to in the literature as the
"low affinity" IL.-2 receptor. The human CD25 is expressed as a 272 aming acid pre-protein
comprising a 21 amino acid signal sequence which is post-transiationally removed to render a
251 amino acid roature prolein. Amino acids 22-240 {anuno acids 1-219 of the mature
protein) correspond to the extracellular domain. Amino acids 241-259 {anmuno acids 220-238
of the mature protein} correspond to transmembrane domain. Amino acids 260-272 {amino
actds 239-251 of the mature protein) correspond to intracellular domain. The intracellalar
domain of CD25 is comparatively small {13 anuno acids) and has not been associated with
any independent signaling activity. The IL2/CD25 complex has not been observed to
produce a detectable intracellular signaling response. Huaman CD25 nucleic acid and protein
sequences may be found as Genbank accession numbers NM_ 000417 and NP_000408

respectively.

D122 1s a single pass type | transmembrane protein. The human CD122 (W(CD122)
is expressed as a 551 amino acid protein, the fivst 26 amino acids comprising a signal
sequence which is post-transiationally cleaved in the mature 525 amino acid protein. Amino
acids 27-240 (amino acids 1-214 of the mature protein) correspond to the extracellular
domain, amino acids 241-265 (amino acids 225-239 of the mature protein) correspond to the
transmembrane domain and amino acids 266-351 (ammno acide 240-525 of the mature
protein) correspond to the intracellular domain. As used herein, the term CD122 includes
naturatly occurring variants of the CD122 protein including the 557F and D365E (as
numbered in accordance with the mature hCT3 22 protein). hCD122 1s referenced at
UmProtKB database as entry P14784. Humao CD122 vucleic acid and protein sequences

may be found as Genbank accession numbers NM_000878 and NP_ 000869 respectively.

CD32 is atype 1 cytokine receptor and is shared by the receptor complexes for IL-4,
IL-7, -9, TL-15, and [L-21, hence the reference to the “common” gamma chain.  Homan
CD132 (hCD132) 15 expressed as a 369 anmino acid pre~profein comprising a 22 amino acid
N-terminal signal sequence. Amuno acids 23-262 (amino acids 1-240 of the mature protein)
correspond to the extracellular domain, amino acids 263-283 {amino acids 241-262 of the
mature protein) correspond to the 21 amino acid transmembrane domain, and anino acids

284-369 {(anuno acids 262-347 of the mature protein) correspond to the imraceliular domain.
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h{CD132 is referenced at UniProtKB detabase as entry P31785. Human CD132 nucleic acid
and protein sequences may be found as Genbank accession numbers: NM (00206 and

NP (00197 respectively.

The 1.2 receptor proteins combine to produce two additional 1L-2 receptor
complexes: {(a} an “intermediate affinity” IL2 receptor comprising CD22 and CD132 (also
referred to as IL2R Py} and (b) a “high affinity” 1L.2 receptor complex comprising the CD2S,
CD122 and CD132 proteins (also referred to as IL2Ra Py} hil-2 possesses a Kd of
approximately 10e~-9M with respect to the intermediate affinity CD122/CD132 (JL2By)
receptor complex. The intermediate affinity CD122/CD132 (IL2Pv) recepior complex is
predominantly expressed on resting T-cells and NK celis. hiL-2 possesses a Kd of
approximately 10e-11M with respect to the high 1L-2 affinity receptor complex. Most cells,
such as resting T cells, demonstrate low responsiveness to 1L-2 since they only express the
D122 and T332 which have comparatively low affinity for IL-2 relative to the
CD25/CD1 22/CD132 high affinity receptor complex. The high affinity recepior complex is
predominantly identified on activated lymphocytes which inducibly express CD25 and Treg

cells that express CD2S constituitively.

in light of the pluripotent effects of the IL.2 molecule and its demonstrated ability to
modulate the activities of a wide variety of cell types associated with human disease, 1L-2
muteins that retain certain desirable features of the native molecule while minimizing
undesirable features, depending on the therapeutic context, would be useful in the treatroent

of human disease.

Gareta, ef af. (International Application Number PCT/2018/062122, PCT
International Publication No. WO 2019/104092 AT published May 31, 2019, hereinafter
“Garcia “0927) describes certain 112 muteins having modifications mcluding positions 18, 22
and 126 that, among other things, exhibit diminished binding for CD132 while retaining
partial IL2 activity.

The present disclosure provides 11-2 muteins that function as [L-2 partial agonists and

antagonists.

53
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SUMMARY OF THE DISCLOSURE

The present disclosure provides methods and compositions for the treatment and/or
prevention of inflammatory, infectious or autoimroune diseases, disorders or conditions by
the adrnisiration of a therapeutically effective amount of an human IL-2 muteins that have
decreased binding affinity for CD132 vet retain significant binding affinity for CD122 and/or

25 comparable to the activity of wild-type buman 1L-2.

In some embodiments, the disclosure methods and compaositions for the treatment
and/or prevention of mflammatory, infectious or autotnumune diseases, disorders or
conditions by the admunistration of a therapeutically effective amount of an human 1L-2
muteins that have decreased binding affivity for CD132 vet retain significant binding affioity
for CD122 and/or D25 comparable to the activity of wild-type human that function as [L-2
in combination with a supplementary agents, including but not limited to one or more of
chemotherapeutics, immune checkpoint modulators, radiotherapy and/or physical

interventional treatment methods such as surgery.

In some embodiments the present disclosure provides methods and compositions for
the treatment and/or prevention of inflammatory, infectious or autoimmune diseases,
disorders or conditions by the administration of a therapeutically effective amount of an
buman FL-2 routeins that have decreased binding affuuty for CD132 yet retain sigruficant
binding affinity for C122 and/or CD25 comparable to the activity of wild-type human that
function as IL-2 wherein the serum concentration of said IL2 mutein is maintained for a
period of tume at a serum concentration at or above the effective concentration of the 1L2
mutein sufficient to promote proliferation of CD33-activated primary human T-cells with
respect to such IL2 mutein but at a serum concentration at or below of the effective
concentration at a serum conceniration of such TL2 mutein sufficient to induce activation of

T-cells with respect o such IL2 moutein.

in some embodiments, the present disclosure provides human mterleukin-2 (1L-2)
muteins providing modified binding properties to one or more HL.2 receptors for the ireatment
of inflammatory, infectious or antoimmune diseases, disorders or conditions. In some
emnbodiments, the 1L-2 muteins possess decreased hinding affinity to the extracellular domain

of hCD32.
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in some embodiments, the 1L-2 muteins possess decreased binding affinity to the
extracellular domain of hCD132 while retaining significant binding to the hCD25/hCD122

receptor complex and/or activation of the hCD25/hCD122/hCD 132 receptor conplex.

in some embodiments, the IL-2 muteins possess decreased binding affinity to CD132

while retaining substantial binding affinity for hCD25.

in one aspect, the present disclosure provides hIL-2 muteins exhibiting sigmficant or
enhanced binding affinity for hCD235 and reduced binding affinity for the extracellular
domain of hCD132 receptor as compared to wild type human 1L-2 (hIL-2). In some
embodiments, the TL-2 muteins comprise one or more amino acid substitutions that decrease
CD132 receptor binding affinity selected from amine actd positions 18, 22, and 126,

numbered in accordance with mature wild type hiL-2.

in another aspect, the present disclosure provides a polypeptide comprising an amino

acid sequence of the formula;

(AADAAAD-{AAD(AAD-(AAS)-(AAGIAATY-(AAS - AADY-T10-Q11-1.12-Q13-
L14-E15-H16-L17-(AA18)-1.19-D20-L2 1-(AA22)-M23-124-L.25-N26-G27-128-N29-N30-
Y31-K32-N33-P34-(AA35)-L36-T37-(AA3R)-( AA3O}L40-T41-F42-K43-F44-Y 45-M46-
P47-K48-K49-A50-T51-ES2-L33-K54-(AAS5-L56-Q57-C58-L39-E60-E61 -E62-1.63-K 64~
P65-L66-E67-E68-(AAGOLTO-NTI-L72-AT3-(AAT4)-S75-KT6-N77-F78-H79-(AASO-
(AART)-PR2Z-RE3-DRI-(AABSI{AASE)-S87-NES-{AARYI)-NII-(AAT]}{AAD2)-VO3-LI4-
E95-L96-(AA9T)-(G98-S99-E100-T101-T102-F103-(AA104)-C 105-E106-Y 107-A108-
(AAT093-E110-T111-A112-(AA113)-1114-V11S-E116-F117-L118-N119-R120-W121-1122-
TI23-F124-(AA125)-(AA126)-8127-1128-T129-(AA130)-T131-L132-T133

wherein

s eachofa b, c, d e f g h andiis individually selected from G or 1;

s AAL is A {wild tvpe, a=1} or deleted {a=0);

. AAZ s P {wild tvpe, b=1) or deleted (b=0};

. AAZis T(wildtype, e=1), C, A, G, Q. E, N, D, B, K, P, or deleted (¢=0);
. AA4is S {wild tvpe, d=1) or deleted (d=0),

° AAS s § {wild type, e=1) or deleted (e=0);

(2
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» AAS6 s S {wild type, £=1) or deleted (=0},
s AAT 13T (wild type, g=1) or deleted (g=0);
s AAR s K {wild type, h=1) or deleted (h=0);

. AAY1s K {wild type, 1=1) or deleted (i=0);

. AAIS IS L{wildtypetor RL GM FEH W K Q8 VLY. H DorT;

. AA22is Q (wild type) or F.E, G, ALL,M,F. W, K. S, V.L Y.L R N, D, T. or F;
. AA35 s K (wildtype} or E;

° AA381s R (wild type), W or G,

° AA39 15 M (wildtype), L or V,

2 AAS55 s H (wildtype)or Y

» AA6Y 158V (wildtype} or A;

® AAT4 18 Q (wild tvpe), P, N, H, §;

» AAB0 is L (wild type}, For V;

s AAZL s R (wildtype), LD or T,

s AABS s L (wild type) or V,

s AABG 1z I (wild type) or V;

. AA89 s 1 (wild type) or V;

. AA92 is U{wild type) or F;

. AA97 1s K (wild type) or 3.

* AA104 1s M (wild type) or A

e AA109 is D (wildtype), C or a non-natural amino acid with an activated side chain;
° AA1131s T {wild type) or N;

» AAL1Z5 5 C{wild type), A or §;

® AAIZ6 s Q(wildtype)or H M K, C D E G LR S, or T and
® AAI30 s S (wildtype), T, Gor R and



10

s

b
(4

WO 2021/146481 PCT/US2021/013514

with the proviso that if AAISisRand AA22 5 E, then AAIZ6 snot HL MK, C, D E G L
RS, orT.

in some embodiments of this aspect,

. AALS is selected from the group consisting of L (wild type)or R, L, G, M, F, E H,
WK QS VLY. HDoT,

° AA22 15 selected from the group consisting of @ (wild ype)or F, B, G, A, L, M, F,
WKL S, VLY, HR.N. D, T, or F; and

° AA126 15 selected from the group consisting of @ (wildtypeyor HL ML K, C DL E G,
ER S ot

In some embodiments, the polypeptide comprises a set of mutations selected from the
group consisting of. LISR, Q22F and Q126M; L1&R, Q22E Q26T L18R; Q22F; Q126H;
L8R, and Q126H:; Q22E, and Q126H; L18G, Q22F and Q126H; L18A, Q22E and Q126H;
L18M, Q22F and Q126H; L18F. Q22E and Q126H; L18W, Q22E and Q126H; L18K.Q22E
and Q126H; L18Q, Q22 and Q126H; L18E, Q22E and Q126H; L18S, Q22F and Q126H;
LISV, Q22F and Q126H; L18I, Q22F and Q126H; L18Y, Q22F and Q126H; LI1SH, Q228
and Q126H; L18N, Q22F and Q126H; L18D, Q22E and Q126H; Li18T, Q22E and Q126H;
L8R, Q22G and Q126H; L18R, 322A and Q126HLI18R, 221 and 126H;L18R, Q22M
and Q126FH,LI18R, Q22F and Q126H.L18R, Q22W and Q126H:L18R, Q22K and
QL26HL18R, 0228 and Q126HL18R, 022V and Q126H:LISR, Q221 and Q126H; LISk
Q22Y and QI26H;L18R Q22H and Q126H;LI8R (322R and QI26H;L18R Q22N and
Q126H;L18R Q22D and Q126H; and L18R Q227 and Q12¢6H.

In some embodiments, the polypepiide is PEGylaied. In some embodiments, the
polypeptide 1s PEGylated and the PEG coroponent of such PEGylated polypeptide has a
molecuiar weight of from about 10kD} 1o about 70kD.

in some embodiments, the polypeptide is a fusion protein. In certain embodiments,
the fusion protein comprises an Fe domain.

In another aspect, the disclosure provides a nucleic acid encoding a polypeptide

described herein. In some embodiments, the nucleic acid 1s DNA

-3
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In another aspect, the disclosure provides a recombinant expression vector comprising
the nucleic acid described heretn. In some embodiments, the vector is a vival vector. In

certain embodiments, the vector is a non-viral vector.

in another aspect, the disclosure provides a host cell transformed with a vector

described hersin.

In another aspect, the disclosure provides a pharmaceutical formudation comprising a

polypeptide, anucleic acid, or a vector described herein.

In another aspect, the disclosure provides a method of treating a mammalian subject
suffering from an autoimmune or inflammatory disease, disorder or condition or viral
infection, the method comprising administering a therapeutically-effective amount of

pharmaceutical forroulation described herein

in some embodiments, the method further comprises adnunistering one or more
supplementary agents selected from the group consisting of a corticosteroid, a Janus kinase
inhibitor, a calcineurin inhibitor, a mTor inhibitor, an IMDH mhibitor, a biologic, a vaccine,
and a therapeutic antibody. In certain embodiments, the therapeutic antibody 15 an antibody
that binds a protein selected from the group consisting of BLvS, CDi 1a, CD20, UD25, CD3,
CDS2 IgBEIL-12/1L-23, [L-17a, TL-18, IL-4Re, IL-5, IL-6R, integrin-o4f7, RANKL, TNFq,
VEGF-A, and VLA,

In some embodiments, the disease, disorder or condition s selected from viral
infections, heliobacter pylor infection, HTLV, organ rejection, graft versus host disease,
autormmune thyroid disease, multiple sclerosis, allergy, asthma, newrodegenerative diseases
including Alzheimer’s disease, systemmc hupus erythramatosis (SLE), autoinflaromatory
diseases, inflammatory bowel disease (IBD), Crohn’s disease, diabetes, cartilage
inflammation, arthritis, theumatoid arthriiis, juvenile arthritis, juvenile rheumatoid arthritis,
juvenile rtheumatoid arthritis, polyarticular juvenife rheumatotd arthritis, systemic onset
juvenie rheumatoid arthritis, juvenie ankylosing spondvlitis, juvenile enteropathic arthritis,
juvenile reactive arthritis, juvenile Reiter's Syndrome, SEA Syndrome, juvenile
dermatomy ositis, juvenile psonatic arthritis, juvenile scleroderma, juvenile systemic hupus
erythematosus, juvenile vasculitis, pauciarticular rheumatoidarthritis, polvarticular
rheumatoidarthritis, systemic onset rheumatoidarthritis, ankylosing spondvlitis, enteropathic

arthritis, reactive arthritis, Reiter's syndrome, SEA Svndrome, psoriasis, psoriatic arthritis,
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dermatitis {eczema), exfoliative dermatitis or atopic dermatitis, pityriasis rubra pilaris,
pityvriasis rosacea, parapsoriasis, piiyriasis lichenoiders, lichen planus, lichen nitidus,
ichthvosiform dermatosis. keratodermas, dermatosis, alopecia areata, pvoderma
gangrenosum, vitiligo, pemphigoid, urticaria, prokeratosis, rheumatoid arthritis; seborrheic
dermatitis, solar dermatitis; seborrheic keratosis, senile keratosis, actinic keratosis, photo-
induced keratosis, keratosis folliculans; acne vulgaris; keloids; nevi; waris including verruca,

condyloma or condyloma acuminatum, and human papilloma viral (HFV) infections.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description when read in
conjunction with the accompanying drawings. It is emphasized that, according to conmmon
practice, the various features of the drawings are not to-scale. On the contrary, the
dimensions of the various features are arbitrarthy expanded or reduced for clanity. Included in

the drawings are the following figures.

FIG. 1 provides a graphical representation of pSTATS levels as measuwred in NKL
cells treated with 2937 transfection supernatant containing the indicated 1L.2 muteins {and
controls) as described in the Examples. The vertical axis represents the level of L2 activity
as measured in accordance with the Examples and each bar indicates the level of activity of
the particular 1L2 peptide evaluated associated with the construet as identified by its 3 letier

abbreviation as described in the Examples.

FIG. 2 provides comparative pSTATS activity in CD25 positive and CD25 negative
YT cells treated with 293T transfection supematant containing the indicated L2 muteins (and
controls) as described in the Examples. The vertical axis 1s a measure of selectivity
calculated as the ratio of the level of pSTATS activity observed on CD25 positive YT cells
divided by the level of pSTATS activity measured on UD25 negative YT cells and each bar
indicates the level of activily of the particular 1L2 peptide evaluated as identified by its 3

letter abbreviation as described in the Examples.

FIGS. 3A-3F provides data relating to the cell proliferation of 3F8 cells contacted

with hiL2 nuieins as more fully described in the specification and in Example 8.
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DETAILED DESCRIPTION

in order for the present disclosure to be more readily undersiood, certain terms and
phrases are defined below as well as throughout the specification. The definitions provided
herein are non-limiting and should be read in view of the knowledge of one of skill in the art

would know.

Before the present methods and compositions are described, 1t is to be undessiood that
this invention is not hmited to particular method or composition described, as such may, of
course, vary. It is also to be understood that the terminology used herein is for the purpose of

describing particular embodiments only and 1s not intended to be limiting.

Where a range of values is provided, itis understood that each intervening vahie, (o
the tenth of the unit of the lower linut unless the context clearly dictates otherwise, between
the upper and lower linmits of that range is also specifically disclosed. Each smaller range
between any stated value or inlervening value in a stated range and any other stated or
mtervening value in that stated range 1s encompassed within the invention. The upper and
tower limuits of these smaller ranges may independently be included or excluded in the range,
and each range where either, neither or both limits are included in the smaller ranges is also
encompassed within the invention, subject to any specifically excluded himit m the stated
range. Where the stated raoge inctudes one ot both of the lurats, ranges excluding either or

both of those mncluded limits are also included in the invention.

Uniess defined otherwise, all technical and scientific terms used herein have the same
meaning as commonty undersiood by one of ordinary skill in the art to which this mvention
belongs. Although any methods and materials sirnilar or equivalent o those described herein
can be used in the practice or testing of the present invention, some potential and preferred
methods and materials are now described. All publications mentioned herein are
ncorporated heremn by reference to disclose and describe the methods and/or materials in
connection with which the publications are cited.

it should be noted that as used herein and in the appended clains, the singular forms
"a", "an”, and "the" mclude plural referents anless the context clearly dictates otherwise.
Thus, for example, reference to "a cell” includes a plurality of such cells and reference to "the
peptide” includes reference to one or more pepiides and equivalents thereof, e.g.

polypeptides, known to those skilled in the art, and so forth.

10
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The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is (o be construed as an admission that
the present invention 1s not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided may be different from the acinal publication dates

which may need to be independently confirmed.

Unless mdicated otherwise, parts are parts by weight, molecular weight is weight
average molecular weight, temperature is in degrees Celsius (°C), and pressure is at or near
atmospheric. Standard abbreviations are used, including the following: bp = base pair(s}; kb
= kilobase(s); pl = picoliter(s}; s or sec = second{s); min = minute(s); h or hr = how{s), AA or
aa = amino acid{s}; kb = kilobase(s); nt = nucleotide(s); pg = picograry; ng = panogram; pg =
microgram; mg = nulligram; g = grany, kg = kilogram; i or dL. = dectliter; ul or yl. =
microliter; ml or mL = mulliliter; 1 or L = liter; yM = micromolar; mM = millimolar; M =
molar; kD¥a = kilodalion; 1. m. = intramuscular(ly); 1.p. = intraperitoneal{(ly);, 8C or 8Q =
subcutaneous{ly ), QD = daily; BID = twice daily; QW = once weekly; QM = once monthly:
HPLC = high performance liquid chromatography; BW = body weight; U = unit; ns = not
statistically significant; PBS = phosphate-buffered saline; PCR = polymerase chain reaction;
HS A = human serum albumuin; MS A = mouse serum albunun; DMEM = Dulbeco’s
Modification of Eagle’s Medium; EDTA = ethvlenedianunetetraacetic acid.

It will be appreciated that throughout this disclosure reference is made to amino acids
according to the single letter or three letter codes. For the reader’s convenience, the single

and three letter anuno acid codes are provided in Table 1 below:

Table 1. Amino Acid Abbreviations

G Glycine Gly
P Peoline Pro
A Alanine Ala
v Valine Val
L Leuncine Len
1 iscleucine lle

M Methionine Met
C Cysteine Cys

11
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Table 1. Amigo Acxd Abbreviations
F Phenylalanine Phe
Y Tyrosine Tyx
W Tivptophan Trp
H Histidine His
K Lysine Lys
B Arpginine Arg
Q Glotamine Gin
N Aspatagine Asn
E Glutarnic Acid Glu
D Aspartic Acid Asp
S Serine Ser
T Threonine Thr

Standard methods in molecudar biology are described in the scientific literature (see,
e.g., Sarobrook and Russell (2001} Molecular Cloning, 3rd ed.. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY ., and Ausubel, er ¢/ (2001} Current Protocols in
Molecular Biology, Vols. 1-4, john Wiley and Sons, Inc. New York, N.Y ., which describes
cloning in bacterial cells and DNA mutagenesis (Vol. 1), cloning in mammalian cells and
veast {Vol. 2}, glvcoconjugates and protein expression {Vol. 3}, and bioinformatics (Vol. 4}).
The scientific literature describes methods for protein purification, including
immunoprecipitation, chromatography, electrophoresis, centrifugation, and crystallization, as
well as chernical analysis, chenucal modification, post-transiational reodification, production
of fusion proteins, and glvcosylation of proteins {(see, e g, Coligan, ef al. (2000} Current
Protocols in Protein Science, Vols. 1-2, John Wiley and Sons, Inc, NY).

Unless otherwise indicated, the following terms are intended to have the meaning set

forth below. Other termos are defined elsewhere throughout the specification.
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Definitions:

Activate: As used herein the term “activate” 15 used in reference to a recepior or
recepior coroplex to reflect the biological effect of the binding of an agonist higand to the
receptor. Activators are molecules that increase, activate, facilitate, enhance activation,
sensitize, or up-regulate, e g, a gene, protein, ligand, receptor, or cell. For example, the
hinding of an 11.2 agonist to an L2 receptor {e.g., the hugh affinity CDIS/ICD122/CD132
receptor complex) “activates” the signaling of the receptor to produce one or more

intracelhilar biological effects (e.g. the phosphorylation of STATS).

Activity: As used herein, the term “activity” is used with respect to 3 molecule to
describe a property of the molecule with respect to a test system or biclogical function such
as the degree of binding of the molecule to another molecule. Exampies of such biological
functions include but are not limited to catalytic activity of a biological agent, the ability to
stimulate intracellular signaling, gene expression, cell proliferation, the ability to modulaie
mmumological activity such as mammatory response. “Activity” 13 typically expressed as a
biological activity per unit of administered agent such as {catalytic activity /{mg protein],
[immunological activity {/img protein], international units (ILU) of activity, [STATS
phosphorviation}/{mg protein], [T-cell proliferation]/{mg protein], plague forming units {pfu},

et

Adnunister/Administrationr The terms “adnunistration” and “administer” are used
interchangeably herein to refer the act of contacting a subject, including contacting a cell,
tissue, organ, or biological fluid i vitro, in vive and/or ex vivo of a subject with an agent {e.g.
an IL-2 mutemn or a pharmaceutical formulation thereof). Adnunistration of an agent may be
achieved through any of a variety of art recognized methods including but not limited 1o the
topical, intravascular injection (including intravenous or intraarterial infusion), infradermal
mjection, subcutaneous injection, miramuscular injection, intraperitoneal injection,
intracranial mjection, intratumoral mjection, intranodal injection, transdermal, fransmucosal,
tontophoretic delivery, intralymphatic injection (Sentt and Kundig (2009) Current Opintons
fn Allergy and Climcal Immumology 9(6):537-343} | miragasiric infusion, intraprostatic
mnjection, intravesical infusion (e.g.. bladder), respiratory mhalers including nebulizers,
intraocular injection, intraabdominal injection, mitralesional injection, intraovarian injection,
intracerebral infusion or injection, intracerebroveniricular injection (ICVT, and the ke, The

term “admanistration” includes contact of an agent to the cell, tissue or organ as well as the

13
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contact of an agent to a fluid, where the fluid is in contact with the cell. The term

“administration” includes the ex vivo contact of a cell (or population of cells) that may be
isolated from a subject and contacted with an agent and the cell {or population of cells) is
administered to the same subject {e.g. autologous cell transfer) or a different subject (e g.

allogeneic cell transfer).

Adverse Event: As used herein, the term “adverse event” refers to any undesivable
experience assoctated with the use of a therapeutic or prophylactic agent in a subject.
Adverse events do not have 1o be caused by the administration of the therapeutic or
prophylactic agent {e.g. the [L2 mutein} but may arise from unrelated circumstances.

Adverse events are typically categorized as mild, moderate, or severe. As used herein, the
classification of adverse events as used herein is in accordance with the Common
Terminology Criteria for Adverse Events v3.0 {CTCAE) dated published November 27, 2017
published by the United States Department of Health and Human Services, the National

Institutes of Health and the National Cancer Institute.

Affinity: As used herein the term “affinity” refers to the degree of specific binding of
a first molecule (e.g. a ligand) to a second molecule {(e.g. a recepior) and is measured by the
binding kinetics expressed as Kq, a ratio of the dissociation constant between the molecule

and the #is target (Kow) and the association constant between the molecule and its target (Kon).

Agonist: As used herein, the term “agonist” refers an agent that specifically binds a
second molecule (“targei”) and interacts with the target to cause or promote an increase in the
activation of the target. Agonists are activators that modulate cell activation, enhance
activation, sensitize cells to activation by a second agent, or up-regulate, €. g, a gene, protein,
ligand, receptor, biological pathway including an immune checkpoint pathway in a cell, or
cell proliferation. In some embodiments, an agonist is an agent that binds to a receptor and
alters the recepior state, resulting n a biclogical response. The response minucs the effect
of the endogenous activator of the receptor. The term “agonist™ includes partial agonists,
full agonists and superagonists. An agonist may be described as a “full agonist™ when such
agouist which leads to full response (7.e. the response associated with the naturally
gecurring ligand/receptor binding inferaction) induced by receptor under study, or a partial
agonist. In contrasi to agonisis, antagonists may specifically bind to a receptor but do not
result the signal cascade typically inttiated by the receptor and may to modify the actions of

an agonist at that receptor. Inverse agonists are agents that produce a pharmacological
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response that is opposite in direction to that of an agonist. A "superagonist” is a type of
agonist that is capable of producing a maximal response greater than the endogenous agonist
for the target receptor, and thus has an efficacy of more than 100%. An IL-2 superagonist of
the present disclosure may have greater than 110%, alternatively greater than 120%,
alternatively greater than 130%, alternatively greater than 140%, alternatively greater than
150%, alternatively greater than 160%, or alternatively greater than 170% of the activity of
WHO International Standard (NIBSC code: 86/500) wild type mature human {L.-2 when

evaluated at similar concentrations in a comparable assay.

Antagonist: As used herein, the term “antagonist” or “mhibitor” refers a molecule that
opposes the action{s) of an agonist. An antagonist prevenis, reduces, inhibits, or neutralizes
the activity of an agonist, and an antagonist can also prevent, inhubit, or reduce constitutive
activity of atarget, e.g., a target receptor, even where there is no identified agonist. Inhibitors
are molecules that decrease, block, prevent, delay activation, inactivate, desensitize, or down-

regulate, e g.. a gene, protein, ligand, receptor, hiological pathway, or cell

Antibody: As used herein, the term “antibody™ refers collectively to: {a} glycosyiated
and non-glvcosylated the immunoglobulins (inchuding but not limited to mammalian
inuenunoglobulin classes 1gG1, 1gG2, 1gG3 and Ig(G4) that specifically binds to target
molecule and (b} immunoglobulin derivatives including but not limited to [gG(1-4)deltaCn2,
Fiab™y, Fab, ScFv, Vu, Vi, tetrabodies, triabodies, diabodies, dsFv, F{ab’}, scFv-Fc and
{scFv) that competes with the imnmunoglobulin from which it was derived for binding to the
target molecule. The term antibody is not restricted to tmwnunoglobulins derived from any
particular mammalian species and includes murine, human, equine, camelids, antibodies,
human antibodies. The term antibody includes so called “heavy chain antibodies™ or
“VHHs” or “Nanobodies®™ as typically obtained from immunization of camelids (including
camels, Hamas and alpacas (see, . g Hamers-Casterman, ef af. {1993} Nature 363:446-448).
Antibodies having a given specificity may also be derived from non-mammalian sources such
as VHHs obtained from immunization of cartilaginous fishes including, but not hmited to,
sharks. The term “antibody” encorapasses antibodies solatable from natural sources or from
animals following mmumization with an antigen and as well as engineered antibodies
including monoclonal antibodies, bispecific antibodies, tri-specific, chimeric antibodies,
humanized antibodies, huran antibodies, CDR-grafted, veneered, or deiromuruzed {e.g., to

remove T-cell epitopes) antibodies. The term ““human andibody™ includes antibodies
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sbtained from human beings as well as antibodies obtained from transgenic mammals
comprising human immunoglobulin genes such that, upon stimulation with an antigen the
transgenic arimal produces antibodies comprising amino acid sequences characteristic of
antibodies produced by human beings. The term antibody includes both the parent antibody
and its derivatives such as affinity matured, veneered, CDR grafted (ncluding CDR grafied
YHHs), huroanized, camelized (ju the case of non~camel derived VHHs), or binding
molecules comprising binding domains of antibodies (e z., CDRs) in non-tmmunoglobulin
scaffoids. The term "antibodv" is not limited to any particular means of synthesis and
includes naturally occurring antibodies isolatable from natural sources and as well as
engineered antibodies molecules that are prepared by “recombinant” means including
antibodies isolated from transgenic animals that are transgenic for human immunoglobulin
genes or a hybridoma prepared therefrom, antibodies isolated from a host cell transformed
with a nucleic acid construct that results in expression of an antibody, antibodies isolated
from a combinatorial antibody Iibrary including phage display libraries or chemically
svanthesized (e g., solid phase protein synthesis). In one embodiment, an “antibody™ is a
mammalian tmnmoglobulin. In some embodiments, the antibody 1s a “full length antibody™
comprising variable and constant domains providing binding and effector functions. fn most
instances, a full-fength antibody comprises two light chains and two heavy chains, each light
chain comprising a variable region and a constant region.  In some embodiments the term
“full length antibody ™ 15 used to refer to conventional IgG immumoglobulin structures
comprising two light chains and two heavy chains, each light chain comprising a variable
region and a constant region providing binding and effector functions. The term antibody
includes antibody conjugates comprising modifications 1o prolong duration of action such as
fusion proteins or conjugation to polymers {e.gz. PEGylated) as described in more detail

below.

Biological Sample: As used herain, the term “biological sample” or “sample” refers

1o a sample obtained or derived from a subject. By way of example, a biological sample
comprises a matenial selected from the group consisting of bady fluids, blood, whole blood,
plasma, serum, mucus secretions, saliva, cerebrospinal fluid {CSF), bronchoalveolar lavage
fluid (BALF), fhads of the eve (e.g., vitreous fluid, aqueous humor), lymph flud, Iymph
node tissue, spleen tissue, bone marrow, and an wununoglobulin enriched fraction derived

from one or more of these tissues. In some embodiments, the sample is obtained from a
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subject who has been exposed to a therapeutic treatment regimen including a pharmacetical
formulation of a an IL2 mutein, such as the repeated exposure to the same [L2 mutein. In
other embodiments, the sample is obtained from a subject who has not recently been exposed
1o the 1L2 mutein or obtained from the subject prior o the planned administration of the IL.2

mtetn,

(2

SCARY or “Chimerie Antigen Receptor”:  As used herein, the terms “chimeric

antigen receptor” and “CAR” are used interchangeably to refer to a chimeric polypeptide
comprising multiple functional domains arranged from amino to carboxy terminus in the
sequence: {a} an extracellular domain (ECD) comprising an antigen binding domain (ABD)}

10 and “hinge” domain, (b) a transmoersbrane domain {TD); and {¢} one or more cyvtoplasmic
signaling domains (CSDs) wherein the foregoing domains may optionally be linked by one or
more spacer domains. The CAR may also further comprise a signal peptide sequence which
is conventionally removed durning post-translational processing and presentation of the CAR
on the cell surface of a cell transformed with an expression vector comprising a nucleic acid

1§ sequence encoding the CAR. CARs may be prepared in accordance with principles well
known in the art. See e.g., Eshhar, ef o/ (United States Patent No. 7,741,465 B1 issued hune
22, 2010); Sadelain, ef o/ (2013) Cancer Discovery 3(4):388-398; Campana and Imai (United
States Patent No £,399,645 1ssued March 19, 2013} Jensen and Riddell (2015) Current
Opiions in Immunology 33:9-15; Gross, et al. (1989) PNAS{USA} &6{24}:10024-10028;

20 Curran, ef ol 2012) J Gene Med 14(6):405-15; Brogdon, et al. (United States patent No
10,174,095 issued January &, 2019} Guedan, et al. (2019) Engineering and Design of
Chimeric Antigen Receptors €2019) Molecudar Therapy: Methods & Clinical Development

Vol 12 145-156.

CAR-T Cell: As used herein, the terms “chimeric antigen receptor T-cell” and “CAR-

25 T cell” are used interchangeably to refer to a T-cell that has been recombinantly modified to
express a chimeric antigen receptor. Examples of commercially available CAR-T cell
products include axicabtagene ciloleucel (imarketed as Yescarta® commercially available
from Gilead Pharroaceuticals) and tisagenlecleucel (marketed as Kymriah® comumercially
available from Novartis).

30 €25 As used herain, the terms “CD257, “1L2 recepior alpha”, “IL-2Ra”, “IL2Ra”
and “pS57 are used wierchangeably to the 55 kD polypeptide that is counstituttively expressed
in Treg cells and inducibly expressed on other T cells in response to activation {e.g. by

17
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CD3CD2S is also referrad to in the literature as the "low affinity" 1L-2 receptor. Human
CD25 nucleic acid and protein sequences may be found as Genbank accession numbers
NM 000417 and NP_0004Q8 respectively. The human CD25 is expressed as a 272 amino

acid pre-protein comprising a 21 amino acid signal sequence which is post-transiationally

removed to render a 251 amino acid mature protein. Amine acids 22-240 {amino acids 1-219

(2

of the mature protein) correspond to the extraceliular domain. Avyno acids 241-239 (amuno
acids 220-238 of the mature protein) correspond to transmermbrane domain. Amino acids
260-272 (amino acids 239-251 of the mature protein} correspond to intracellular domain. The

amino acid sequence of the mature form of hCD25 s

10 ELCDDDPPEIPHATEFRAMAYREGTMLNCECKRGFRRIKSGSLYMLCTGNSSHESSWDNQCQ

CTSSATRNTTROVTEQOPR JSPMOPVDOASLPGHCREPPPWENEATERIYEH

FVVGOMVYYQCVQGY RALHRGRPAERSVCEMTHGKTRWTCPQLICTGEMET SQFPGEREKEFCA

SPEGRPESETSCLVTITTDFQIQTEMAATMETSIFTTEYQVAVAGCVFLLISVLLLSGLTW
CRRORKSRRTI
15 (SEQ ID NG:. 1)
D122 As used heretn, the terms “CD1227, “interleukin-2 receptor beta”, “TL2ZRD”,
“TL2ZRE7, “TLISRE” and “p70-73” are used interchangeably to refer to the human CD122
transmembrane protein. The human CD122 (hCD122) 15 expressed as a 351 amino acid
protewn, the first 26 amino acids comprising a sigual sequence which is post-translationally
20 cleaved in the mature 525 amino acid protein. Amino acids 27-240 {anuno acids 1-214 of the
mature protein} correspond to the extracellular domain, amino acids 241-265 (amino acids
225-239 of the mature protein) correspond to the transmembrane domain and amino acids
266-551 {amino acids 240-525 of the roature protein) correspond to the jntracellular doraio.

As used herein, the term CD122 includes naturally occurring variants of the CD122 protein

25 including the S57F and D36SE (as numbered in accordance with the mature hCD122
protein). hCD122 is referenced at UniProtKB database as entry P14784. Human CD122
nucleic acid and protein sequences may be found as Genbank accession numbers
NM (00878 and NP_000869 respectively. The amino acid sequence of the mature hCEM 22
protein is:

30 AVNGTSQFTCFYNSRANT SCVWSQDGALODTSCOVHANPDRRRWNGTCELLPVSCASHALC

LGAPDSQKLTTVDIVILRVLCREGVRWRVMATQDFKPFENLRLMAPTI SLOVVHVETH

(FERHLEFEARTLSPGHTWEEAPLLTLRKOKQEWICLETLTPDTQYEY

CVRVEPLQGEFTTWSPWSOPLAFRTKPAALGKDTIPWLGHLLVGLSGAFGFITLVYLLIN

18
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CRNTGPWLEKVLECNTPDPSKEFSQLSSEHGGDVOQRKWLSSPFRPSSSFSPGCLAPELSPLE
VLERDKVIQLLLOQCDKVPERPASLESNHSLTSCETINQGYFFFHLPDALETEACOVYFTYDR

LEIBACY

YSEEDPDEGVAGAPTGSSPQPLOPLSGEDDAYCTFPERDDLLLESPSLLGGPSPPSTARG
GSGAGEERMPESLOERVPRDWDPQPLGEPTRPGVPDLVDEQFPPELVLREAGEEVPDAGPR
EGVSEPWSRPPGOGEFRALNARLPLNTDAYLSLOELQGQDPTHLY

{(SEQ ID NC:2)

And the amino acid sequence of the extracellular domain of the hCD122 is:
AVNGTSQFTCEYNSRA

NISCVWSODGALODTSCOVHAWFDRRRWNQTCRELLEYVEQASWAC

NLILGAPDSCKLTTVDIVTLRVLCREGVRWRVMAIQDEK

LRLMAPISLOVVEVETH
RCNISWEISQASHE

FERELEFEARTLSPGRTWEEAPLLTLKQKOEWICLETLTPDTOYEF

QVRVKPLOC

FTTWSPWSOPLAFRTKPAALGKDT
(SEQ ID NO:3}

CI132: As used herein, the terms “CD1327, “IL2 receptor ganuna”, “IL2Rg,
“IL2Ry” refers t0 a type 1 cytokine receptor and is shared by the receptor coroplexes for H-4,
IE-7, H-9, 1L-15, and [L-21, hence the reference to the “common” gamma chain.  Homan
CD132 (hCD132) 15 expressed as a 369 anuno acid pre-profein comprising a 22 amino acid
N-termunal signal sequence. Amino acids 23-262 (amino acids 1-240 of the mature protein)
correspond to the extracellular domain, amino acids 263-283 {amino acids 241-262 of the
mature proteuy correspound to the 21 amino acid transmembrane domain, and anuno acids
284-369 {(anuino acids 262-347 of the mature protein) correspond to the imtraceliular domain.
hCD132 is referenced at UniProtKB database as entry P31785. Human CD132 nucleic acid
and protein sequences may be found as Genbank accession numbers: NM_000206 and

NP_000197 respectively. The anuno acid sequence of the mature hCD 132 protein is:

INTTILTPNGNEDTTADFFLTTMPTDSLSVETLPLPEVQCEVENVEYMNCTWNSSSERPQP
TNLTLHYWYRKNSDNDKVORCSHY LFSEEITSGCQLOKKELRLYQTFVVQLODPREPRRQA

TOML

T T T AT nk)
SNLVIPWAPENLY

CLNWNNREFLNHCE

DYRHEFSLPSVDGCKRYTFRVRSREFNPLCGSAQHWSEWSHP ITHWGSNTSKENPEFLFALEA
VVISVGEMGLIISLLCVYFWLERTMPRIPTLRKNLEDLVTEYHGNESAWSGVSKGLAESLQ

POYSERLCLVSEIPPRKGGALGEGPGASPCNOHEPYWAPRPCYTLKPET
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{DRs. As used herein, the term “CDR” or “complementarity determining region” 18
intended to mean the non-contiguous antigen combining sites found within the variable
region of both heavy and light chain immunoglobulin polypeptides (or heavy chains in the
case of VHHs). UDRs have been described by Kabat, er o (1977 J. Biol. Chem. 252.6609-
6616; Kabat, ef al. {19913 1.8, Dept. of Health and Human Services, “Sequences of proteins
of immunological interest” (also referred to herein as “Kabat 19917); by Chothia et al. (1987}
J Mol Biol 196:901-917; and MacCallum et al., J. Mol Biol. 262:732-745 (1996}, where
the definitions inchude overlapping or subsets of amino acid residues when compared against
gach other. In the context of the present disclosure, the numbering of CDR positions is

provided according to Kabat numbering conventions.

Comparable: As used herein, the term “comparable” is used to describe the degree of
difference in two measurements of an evaluable quantitative or qualitative parameter. For
example, where a first measurement of an evaluable quantitative parameter {e.g. the level of
IL-2 activity as deternuned by an CTLL-2 proliferation or phospho-STATS assay) and a
second measurement of the evaluable parameter do not deviate beyond a range that the
skilled artisan would recognize as not producing a statistically significant difference in effect
between the two resulis in the circurnstances, the two measurernents would be considered
“comparable.” In some instances, measurements may be considered “comparable”™ if one
measurement deviates from another by less than 30%, alternatively by less than 25%,
aliernatively by less than 20%, altematively by less than 15%, alternatively by less than 10%,
alternatively by less than 7%, alternatively by less than 5%, alternatively by less than 4%,
alternatively by less than 3%, alternatively by less than 2%, or by less than 1%. In particular
embodiments, one measurement is comparable 1o a reference standard if it deviates by less
than 15%, alternatively by less than 10%, or aliernatively by less than 5% from the reference

standard.

Derived From: As used herein in the term “derived from”, in the context of an amino
actd sequence of polynucleotide sequence {e.g., an amuno acid sequence “derived from™ an
IL-2 polvpeptide), 15 mueant to indicate that the polvpepiide or nucleic acid has a sequence
that is based on that of a reference polypeptide or nucleic acid (e.g., a naturally occurring iL-
2 polypeptide or an IL-2-encoding nucleic acid), and is not meant o be limiting as to the
source or method in which the protein or nucleic acid is made. By way of example, the terro

“dertved from™ includes homologs or variants of reference anuno acid or DNA sequences.
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Enriched: As used herein in the term “enriched” refers to a sample is non-naturally
manipulated so that a roolecule of interest is present in: {a) a greater concentration (e.g., at
least 3-fold greater, alternatively at least 5-fold greater, alternatively at least 10-fold greater,
alternatively at least S0-fold greater, altemnatively at least 100-fold greater, alternatively at
least 1000-fold greater) than the concentration of the molecule in the starting sample, such as
a biological sample {e.g.. a sample 1n which the molecule naturally occurs or in which it s
present after admunistration); or {b) a concentration greater than the environment in which the

molecule was made {e.g., as in a recombinantly modified bactenial or mammalian cell).

Extracellular Domain: As used herein the term "exiracellular domain® or is

abbreviation "ECD" refers to the portion of a cell surface protein {e.g. a cell surface receptor)
which 1s outside of the plasma membrane of a cell. The term “ECD” may include the extra-
cvtoplasmic portion of a transmembrane protein or the extra~-cytoplasmic portion of a cell

surface {or membrane associated protemn).

DINA sequences, refers 1o the subunit sequence identity between two molecules. When a
subunit position in both of the molecules is occupied by the same monomeric subunit (Le.,
the same amino acid residue or nucleotide), then the molecules are wdentical at that position.
The similarity between two anmino acid or two nucleotide sequences is a direct function of the
number of identical positions. In general, the sequences are aligned so that the highest order
match is obtained. H necessary, identity can be calculated using published techniques and
widely available coropuier programs, such as the GCS program package (Deversux et al.,
Nucleic Acids Res. 12:387, 1984), BLASTP, BLASTN, FASTA (Atschul et al., §. Molecular
Biol. 215:403, 1990}. Sequence identity can be measwred using sequence analysis software
such as the Sequence Analysis Software Package of the Genetics Computer Group at the
University of Wisconsin Biotechnology Center (1716 University Avenue, Madison, Wis.

537053, with the default parameters thereof

IL-2: Asused herein, the term “interlenkin-27 or "IL-2" refers to a naturally
occurring H.-2 polypeptide that possesses IL-2 activity. In some embodiments, 1L-2 refers to
mature wild type human {L-2. Mature wild type human 1L-2 (hIL2) occowrs as a 133 amino
acid mature polypeptide (fess the signal peptide, consisting of an additional 20 N-terminal
ammuno acids), as described in Fujita, et al., PNAS USA, 80, 7437-7441 (1983). An amino

actd sequence of naturally occurring variant of mature wild type human 1L-2 (hiL2) is:
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APTSSSTEET QLOLEHLLLD LOMILNGINN

JPKLTRML TFKEYMPEKA

TELKHLQCLE EELKPLEEVL NLAQSKNFHEL RPRDLISNIN VIVLELKGSE

TTFMCEYADE TATIVEFLNR WITFCQSIIS TLT

&3]

{SEQ ID NO:

As used herein, the numbering of residues of the hiL2 muteins is based on the hiLZ sequence

UniProt ID P60S68 excluding the signal peptide which 1s the same as that of SEQ ID NGS5

112 Activity: The term “IL2 activity” refers to one or more the biological effects on a
cell in response to coutacting the cell with an effective amount of an ILZ polypeptide. W2
activity may be measured, for example, in a cell proliferation assay using CTLL-2Z mouse
cytotoxic T cells, in substantial accordance with the teaching of Gearing, A JJH and C.B.
Bird (1987} in Lymphokines and Interferons, A Practical Approach. Clemens, M.J. ef al.
{eds): IRL Press. 295, The specific activity of recombinant human IL-2 (thiL2)is
approximately 2.1 x 10* IU/ug, which is calibrated against recombinant human IL-2 WHO
International Standard (NIBSC code: 86/500). 1L2 activity may be expressed as the level of
STATS phosphorylation which may be determaned by flow cytometric methods known in the
art {Bitar, ef af (2019) Evaluating STATS Phosphorylation As A Mean fo 4ssess T Cell

FProliferation (2019) Frontiers In Irnmunology Volume 10, Article 722, pages 1-11.

IL-2 mutein: As used herein, the term "TL-2 mutein” refers to a multein derived from a
naturally occurring form of 1L2 comprising modifications to amino acid sequence of the 1L2
molecule. The IL-2 muteins are characterized by amino acid insertions, deletions,
substitutions and modifications at one or more sites in or at the other residues of the native
parent 1L-2 polypeptide chain. In some erobodiments, 112 routemns of the present retain
D122 binding activity comparable to the activity of WHO International Standard (NIBSC
code: 86/500) wild type mature human IL-2 when evaluated at similar concentrations in a
comparable assay. Exemplary mudeins can include substitutions of 1,2, 3, 4,5,6,7, 8,9, 10

OF 1MOTe ANEnoe acids.,

in An Amount Sufficient Amount to Effect a Change: As used herein the phrase “in
an amount sufficient to effect a change” refers to the amount of a test agent sufficient to
provide a detectable difference between a level of an indicator measured before (e.g., a
baseline level) and after the application of the test agent {0 a systern such as biological

function evaluated in a cell based assay in response to the administration of a quantity of the
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test agent. “An amount sufficient {o effect a change™ may be sufficient {o be a therapeutically
effective amount but “in an amownt sufficient to effect a change” may be more orless than a

therapeutically effective amount.

In Need of Treatment: The term “in need of treatment”™ as used herein refers to a

judgment made by a physician or other caregiver with respect to a sebject that the subject
requires or will potentially benefit from treatment. This judgrent 1s made based on a variety

of factors that are in the realm of the physician’s or caregiver's expertise.

In Need of Prevention: As used herein the term “in need of prevention” refers to a

judgment made by a physician or other caregiver with respect (o a subject that the subject
requires or will potentially benefit from preventative care. This judgment s made based

upon a variety of factors that are in the realm of a physician’s or caregiver’s expertise.

Inhibitor: As used herein the term “inhibitor” refers 1o a molecule that decreases,
blocks, prevents, delays activation of, inactivates, desensitizes, or down-regulates, e.g., a
gene, protein, ligand, receptor, or cell. An indubttor can also be delined as a molecule that

reduces, blocks, or inactivates a constitutive activity of a cell or organism.

Isolated: As used herein the term “isolated™ is used in reference to a polypeptide of
interest that, if naturally occurring, is in an environment different from that in which it can
naturally occur. “Isolated” 1s meant to inchude polypeptides that are within samples that are
substantially enriched for the polypeptide of interest and/or in which the polypepiide of
interest is partially or substantially purified Where the polypeptide is not naturally
occurring, “isolated” indicates that the polypeptide has been separated from an environment

o which 1t was made by either synthetic or recombinant means.

Kabat Numbering: The term “Kabat numbering” as used herein is a term recognized

in the art of antibody engineering to refer to a system of numbering amino acid residues
which are more variable than other amino acid residues {e. g, hypervariable residues) in the
beavy and hght chain regions of wwounoglobuling (Kabat, ef al., (1971) Ann. NY Acad. Sci.
190:382-93; Kabat, et al., (1991) Sequences of Proteins of Immunoclogical interest, Fifth
Edition, U8, Department of Health and Human Services, NIH Publication No. 91-3242). For
purposes of the present disclosure, the positioning of CDRs in the vanable region of an

antibody as disclosed herein follows Kabat numbering or simply, “Kabat.”
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Ligand: As used herein, the term “ligand™ refers to a molecule that exhibits specific

binding to a receptor and resulis in a change in the biological activity of the receptor so as to
effect a change in the activity of the receptor to which it binds. in one embodiment, the term
“ligand” refers {0 a molecule, or complex thereof, that can act as an agonist or antagonist of a
receptor. As used herein, the term “ligand” encompasses natural and synthetic ligands.
“Ligand” also encompasses small molecules, e.g., peptide mimetics of cvtokines and peptide
numetics of antibodies. The complex of a ligand and receptor is termed a “ligand-receptor

complex.”

Modified IL-2 Mutein: As used herein the term “modified TL-2 muieins”™ is used to

refer to 1L-2 muteins that have comprise one or more exira further modifications (ie.
modifications outside the core amino acid sequence of the IL2 muteiry) such as pegylation,
glveosylation (N- and O-linked), acvlation, or polysialylation or by conjugation (either
chenucal or as fusion proteins) with other polypeptide carrier molecules including but not
linuted to atbunun fusion polvpeptides comprising serum albumin {e.g.. human serum
albumin (HS A} or bovine serum altbumin (BSA) or and Fe-fusion proteins or with targeting
moieiies such as Igls comprising [L2 orthogonal polypeptide {usion proteins, targeted IL-2
mutein polypeptides such as ScFv-IL2 mutein polyvpeptide fusion proteins and VHH-IL-2
mutein polypeptide fusion proteins. Modified 1L2 muteins may be prepared to order to
enhance one or more properties for example, modulating immunogenicity; methods of
increasing water solubility, bicavailability, serum half-life, and/or therapeutic hal{-life; and/or
modulating biological activity. Certain modifications can afso be useful to, for example, raise
of anttbodies for use in detection assays {(g.g., epiiope tags) and to provide for ease of protein
purification. In some embodimenis, the modified 1L-2 mutein 13 at least 95, 96, 97, 98, or
99% 1dentical to SEQ ID NO:S and has a one of the combmations of three modifications
relative to SEQ 1D NQO:5 as set forth in Table 2. Algorithms that are suitable for determining
percent sequence identity and sequence similarity are the BLAST and BLAST 2.0 algorithms,
which are described in Alischul ef ¢f. (199037 Mol Biol. 215 403-410 and Altechul ef o/,
(1977) Nucleic Acids Res. 25: 3389-3402, respectively. Software for perfornung BLAST
analyses is publicly available through the National Center for Biotechnology Information
(NCBI) web site. The algorithm mvolves first identifving high scoring sequence pairs
(HSPs) by identifying short words of length W in the query sequence, which either match or

satisfy some positive-valued threshold score T when aligned with a word of the same length
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in a database sequence. T is referred to as the neighborhood word score threshold (Altschul
et af, supra). These initial neighborhood word hits acts as seeds for initiating searches to find
longer HSPs contaiming them. The word hits are then extended in both directions along each
sequence for as far as the cumulative alignment score can be increased. Cumulative scores
are calculated using, for nuclestide sequences, the parameters M {reward score for a pair of
matching residues; always >0} and N (penalty score for mismatching residues; always <0).
For anmino acid sequences, a scoring matrix is used to calculate the curmulative score.
Extension of the word hits in each direction are halted when: the cumulative alignment score
falls off by the quantity X from its maximuom achieved value; the cumulative score goes to
zero or below, due to the accumulation of one or more negative-scoring residue alignments;
or the end of either sequence is reached. The BLAST algorithm parameters W, T, and X
determine the sensttivity and speed of the alignment. The BLASTN program ({or nucleotlide
sequences) uses as defaults a word size (W) of 28, an expectation (E) of 10, M=1, N=-2, and
a comparison of both strands. For amino acid sequences, the BLASTP program uses as
defaulis a word size (W) of 3, an expeactation (E} of 10, and the BLOSUMGOGZ scoring matrix

{see Henikoff & Henikoff, Froc. Narl. Acad. Sci. US4 89:10915 (1989,

9 &C

Modulate: As used herein, the terms “modulate”, “modulation”™ and the hike refer o
the ability of a test agent to affect a response, either positive or negative or directly or

mdirectly, in a system, including a biological system or biochemical pathway.

Mutein: As used herein, the term “muiein” is used to refer to modified versions of
wild type polypeptides comprising modifications to the primary siructure (i.e. amino acid
sequence) of such polypeptide. The term mutein may refer to the polypeptide iiself, a
composition comprising the polypeptide, or a nucleic acid sequence that encodes it. In some
embodiments, the mufein polypeptide comprises from abowt one to about ten amino acid
maodifications relative to the parent polypeptide, alternatively from about one to about five
amino acid modifications compared to the parent, altematively from about one to about three
amingo acid modifications compared to the parent, alternatively from one to two amino acid
modifications compared to the parent, alternatively a single amino acid modification
compared to the parent. A mutein may be at least about 99% identical to the parent
polypeptide, alternatively at least about 98% identical, alternatively at least about 97%
identical, alternatively at least about 95% identical, or altematively at least about 90%

wentical.
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N-Terminus: As used herein in the context of the siructure of a polypeptide, “N-
termunus” {or “amino terminus”) and “C-ierminus” (or “carboxy] termuinus”) refer to the
extreme amino and carboxyl ends of the polypeptide, respectively, while the terms “N-
terminal” and “C-terminal” refer to relative positions in the aming acid sequence of the
polypeptide toward the N-terminus and the C-terminus, respectively, and can include the
residues at the N-terminus and C-terminus, respectively. “Inunediately N-terminal” or
“imediately C-terminal” refers to a position of a first amino acid residue relative to a
second amino acid residue where the first and second amino acid residues are covalently
bound to provide a contiguous amino acid sequence.

39 GC

ad The terros “oucleic acid”, “nucleic acid wolecule”, “polynucleotide”

and the like are used interchangeably herein o refer to a polyvmeric form of nucleotides of
any length, etther deoxyribonucleotides or ribonucleotides, or analogs thereof. Non-limiting
examples of polynucleotides mclude linear and circular nucleic acids, messenger RNA
{mRNA), complementary DNA (¢cDNA), recombinant polvnucleotides, vectors, probes,

primers and the like.

Numbered in accordance with IL-2. The term "numberad in accordance with TL-2" as

used herein refers to the identification of a location of particular anuno acid with reference o
the position at which that amino acid normally occurs in the mature sequence of the mature
wild type hiL.-2, for example R81 refers to the eighty-first amino acid, arginine, that occurs in
SEQ ID NO:5,

Operably Linked: The term “operably linked” is used herein to refer to the
relationship between nucleic acid sequences encoding differing functions when combined
into a single nucleic acid sequence that, when introduced into a cell, provides a nucleie acid
which is capable of effecting the transcription and/or translation of a particular nucleic acid
sequence i a cell. For example, DNA {or a signal sequence is operably linked to DNA fora
polypeptide if it is expressed as a preprotein that participates in the secretion of the
polvpeptide; a promoter or enhancer is operably linked to a coding sequence if it affects the
transcription of the sequence; or a ribosome binding site ts operably hinked to a coding
sequence if 1t 13 positioned so as to facilitate translation. Generally, "operably linked" means
that the DNA sequences being linked are contiguous, and, in the case of a secretory leader,
contiguous and in reading phase. However, certain genetic elements such as enhancers need

not be contiguous with respect to the sequence to which they provide their effect.

26
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Parent Polypeptide: As used herain the terms "parent polypeptide”, "parent protein”,

"precursor poly peptide”, or "precursor protein” are used mierchangeably to refer to
unmodified polypeptide that is subsequently modified to generate a variant polvpeptide or

mutein. A parent polvpeptide may be a wild tvpe (or native) polypeptide.

Partial Agonist: As used herein, the term “partial agonist”™ refers to a molecule that
specifically binds that bind to and activate a given receptor but possess only partial activation
the receptor relative to a full agonist. Partial agonists may display both agonistic and
antagonistic effects. For example when both a fudl agonist and partial agonist are present, the
partial agonist acts as a competitive antagonist by competing with the full agonist for the
receptor binding resuliing 1 net decrease i recepior activation relative to the contact of the
receptor with the full agonust in the absence of the partial agonist. Climacally, partial agonists
can be used to activate receptors to give a desired submaximal response when inadequate
armnounts of the endogenous ligand are present, or they can reduce the overstimulation of
receptors when excess amounts of the endogenous ligand are present. The maximum
response {Emax} produced by a partial agonist is called its intrinsic activity and may be
expressed on a percentage scale where a full agonist produced a 100% response. An fL-2
partial agounist of the present disclosure may have greater than 10%, alternatively greater than
20%, alternatively greater than 30%, alternatively greater than 40%, alternatively greater than
50%. altematively greater than 60%, or alternatively greater than 70% of the activity of WHO
International Standard (NIBSC code: 86/500) wild ty pe mature human H.-2 when evaluated

at similar concentrations in a comparable assay.

PEG-1L2 mutein: As used herein the term “PEG-IL2 mutein” refers to an IL2 mutein
covalently bound to at least one polyethylene glycol (PEG) molecule, the at least one PEG
molecule being covalently atiached to at least one arsino acid residue of an 1L-2 mutein. The
PEGylated polypeptide may be further referred to as monopegylated. dipegylated,
tripegvlated {and so forth) to denote PEG-IL2 muteins comprising one, two, three (or more)
PEG moieties attached to the TL-2 muiein, respectively. In some embodiments, the PEG may
be covalently attached directly to the IL-2 nutein (e g., through a lysine side chain,
sutfhydryl group of a cysteine or N-terminal anune) or optionally employ a Hinker between
the PEG and the IL-2 mutein. In some embodiments the PEG-IL2 mutein comprises more
than one PEG molecule each of which is attached to a dilferent amino acid residue. In soroe

embodiments, the PEG-1L2 mutein is derived from Sequence 1D NO:2 (naturally occurring
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hiL2} PEGylated forms of IL2 and the methodology of PEGylation of 1L.2 polypeptides is
wedl known in the art {see, e.g., Katre, et al United States Patent 4,931,544 issued June S,
1990; Katre, et al., United States Patent 5,206,344 issued Apnl 27, 1993; and Bossard, et al |

United States Patent No 9,861,705 issued January 9, 2018)In some embodiments, the IL2

(2

mmuitein may be modified by the imcorporation of non-natural amino acids with non-naturally
occurring amino acid side chains fo facilitate site specific PEGvlation as described in Placin,
et al. United States Patent Application Publication US20170369871 Al published December
28,2017, In other embodiments, cvsteine residues may be incorporated at various positions
within the L2 molecule to facilitate site~specific PEGylation via the cysteine side chain as
10 described in Greve, ef af. PCT International Patent Application Number

PCT/US2015/044462 published as W(2016/025385 on February 18, 2016

Polypeptide: As used herein the terms “polvpeptide,” “peptide,” and “protein”, used
materchangeably herein, refer to a polymeric form of amino acids of any length, which can
include genetically coded and non-genetically coded amino acids, chemically or

15 biochemically modified or derivatized amino acids, and polypeptides having modified
polypeptide backbones. The terms inclade fusion proteins, including, but not himited (o,
fuston proteins with a heterologous amino acid sequence; fusion proteins with heterologous
and homologous leader sequences; fusion proteins with or withowt N-terminus methionine
residues; fusion proteins with immumnologically tagged proteins; fusion proteins of

20 immunologically active proteins (e.g. antigenie diphtheria or tetanus toxin fragments) and the
fike.

Prevent: As used herein the terms “prevent”, “preventing”, “prevention” and the like
refer to a course of action initiated with respect to a subject prior to the onset of a disease,
disorder, condition or symptom thereof s¢ as o prevent, suppress, inhibit or reduce, either

25  temporarily or permanently, a subject’s risk of developing a disease, disorder, condition or
the like (as determined by, for example, the absence of clinical symptoms) or delaying the
onset thereof, generally in the context of a subject predisposed due {0 genetic, experiential or
environmental factors o having a particular disease, disorder or condition. In certain
instances, the terms “prevent”, “preventing”, “prevention” are also used to refer to the

30 slowing of the progression of a disease, disorder or condition from a present Hs state to a

more deleterious state.
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Receptor: As used herein, the term “receptor” refers 1o a polvpeptide having a domain
that specifically binds a ligand that binding of the ligand resulis in a change to at least one
biological property of the polypeptide. In some embodiments, the receptor is a “soluble”
receptor that is not associated with a cell surface. The soluble form of hCD2S is an example
of a soluble receptor that specifically binds hiL2. Tn some embodiments, the receptor is a cell
surface receptor that comprises and extracellular domain (ECD) and a membrane associated
domain which serves to anchor the ECD (o the cell surface. In some embodiments of cell
surface receptors, the receptor is a membrane spanning polypeptide comprising an
intracelhular domain (CD) and extracellular domain (ECD) linked by a rmembrane spanning
domain typically referred {0 as a transmembrane domain (TM). The binding of the ligand to
the receptor results in a conformational change in the receptor resulting in a8 measurable
biclogical effect. In some instances, where the receptor is a membrane spanning polvpeptide
comprising an HCD, T™ aond ICD, the binding of the higand to the ECD results in a
measurable intracellular biological effect mediated by one or more domains of the ICD in
response to the binding of the ligand to the ECD. In some embodiments, a receplor is a
component of a multi-component complex o facilitate wmiracellular signaling. For example,
the higand may bind a cell surface molecule having not associated with any indraceliular
signaling alone but upon ligand binding facilitates the formation of a heteromuidtimeric
icluding heterodimeric (e.g. the intermediate affinity CD122/CD 132 IL2 receptor),
heterotrimeric {e.g the high affinity CD25/CD122/CD132 WIL2 receptor) or homonmuliimeric
{e.g. homodimeric, homotrimeric, homotetrameric) complex that results in the activation of

an intraceliular signaling cascade (e g. the Jak/STAT pathway}.

Recombinant: As used herein, the term recombinant to refer to polvpeptides
generated using recombinant DNA technology. The techniques and protocols for

recormbinant DNA technology are well known in the art.

Response: As used herein, the term “response,” refers, for example, 10 a cell, tissue,
organ, of organism, and encompasses a change in biochemical or physiclogical behavior, e.g.,
councentration, density, adhesion, or mugration within a biological compartment, rate of gene
expression, of state of differentiation, where the change is correlated with activation,
stimulation, or treatment, or with internal mechanisms such as genetic programming. In

certain contexts, the terms “activation”, “stinmlation”, and the like refer to csll activation as

A
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regulated by mternal mechanisms, as well as by extarnal or environmental factors; whereas

the terms “inhibition”, “down-~regulation”™ and the like refer to the opposite effects.

Selecti

e As used herein, the term “selective” is used to refer to a property of an
agent to preferentially bind to and/or activate a particular cell type based on a certain property
of a population of such cells. In some embodiments, the disclosure provides muteins that are
D25 selective i that such muteios display preferential activation of cells that expressing the
CD25 and/or CD25/CD122 recepiors relative to the cells expressing the CD132 receptor.
Selectivity is typically assessed by activily measured in an assay characteristic of the activity
induced in response to ligand/receptor binding.  In some embodiments, the selective IL2
mutein exhubits significantly reduced binding. In some embodiments, selectivity is measured
by activation of cells expressing CD25 {e.g. YTCD25POS or YT cells) versus the
activation of that display significantly lower (preferably undetectable} levels of CD25 {e g.
YTCD2SNEG or YT ¢ells). In some embodiments, the selectivity is measured by
activation of T cells expressing CD25 (e.g. Tregs) versus low levels of CD23 (e 2. non
stimtlated CP8+ or CD4+ T cells). In some embodiments, IL2 muteins of the present
disclosure possess at teast 3 fold, altematively least S fold, alternatively at least 10 fold,
alternatively at least 20 fold, aliernatively at least 30 fold, alternatively at least 40 fold,
alternatively at least 50 fold, alternatively at least 100 fold, alternatively at least 200 fold

difference in EC30 on CD25+ versus CD25- cells as measured in the same assay.

Significantly Reduced Binding: As used herein, the term “exhibits significantly
reduced binding” is used with respect to the affinity of the binding of the modified ligand
{e.g., an IL2 mutein or modified 1L2 nutein) to a recepior relative to the binding of a
naturatly occurring form of such ligand for such cognate receptor. A IL2 mutein exhubits
significantly reduced binding if the IL2 mutein binds to the native form of the receptor with
less than 40%, alternatively less than about 30%, alternatively less than about 20%,
alternatively less than about 10%, alternatively less than about 5%, alternatively lags than

about 2%, alternatively less than about 1% of the naturally occurring ligand.

Specificallv Binds: As used herein the term “specifically binds” refers to the degree of

selectivity or affinity for which one molecule binds to another. In the context of binding
pairs {e.g. a ligand/receptor, antibody/antigen, antibody/ligand, antibody/recepior binding
pairs} a first molecule of a binding pair is said to specifically bind to a second molecule of a

binding patr when the fust molecule of the binding pair does vot bind i a significant arount

30
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to other components present in the sample. A first molecule of a binding pair is said to
specifically bind to a second molecule of a binding pair when the first molecule of the
binding pair when the affinity of the first molecule for the second molecule is at least two-

fold greater, alternatively at least five imes greater, aliernatively at feast ten times greater,

(2

alternatively at least 20-times greater, or alternatively at least 100-times greater than the
affinity of the first molecule for other components present in the sarople. In a particular
ernbodiment, where the first molecule of the binding pair is an antibody, the antibody
specifically binds {0 the second molecule of the binding pair {e.g. a protein, antigen, ligand,
or receptor} if the equilibrium dissociation constant between antibody and to the second
16 molecule of the binding pair is greater than abowt 10°M, altematively greater than about 10°
M, alternatively greater than about 10!° M, alternatively greater than about 10M M,
aliernatively greater than about 10'° M, greater than about 107 M as determined by, e.g.,
Scatchard analysis (Munsen, et al. 1980 Analyt. Biochem. 107:220-239). In one embodiment
where the ligand is an 1L2 mutein and the receptor comprises an orthogonal CD122 ECD, the
1§ IL2 mutein specifically binds if the equilibrium dissociation constant of the 1L2
mutein/orthogonal CD122 BECD is greater than about 10°M, alternatively greater than about
10° M, alternatively greater than about 10°M, alternatively greater than about 10%M,
alternatively greater than about 10° M, alternatively greater than about 1010 M, or
alternatively greater than about 10" M. Specific binding may be assessed using techniques
20 known mn the art including but not liroited to competition ELISA, radicactive ligand binding
assays {e.g., saturation binding, Scatchard plot. nonlinear curve fitting programs and
competition binding assays), non-radicactive ligand binding assays {e.g., fluorescence
polarization {FP), fluorescence resonance energy transfer {(FRET) and surface plasmon

resonance assavs {see, e.g., Drescher et al | Methods Mol Biol 493.:323-343 (2009} with

b2
W

mstrumentation commercially available from GE Healthcare Bio-Sciences such as the
Biacore 8+, Biacore 8200, Biacore T200 (GE Healthcare Bio-Sciences, 100 Resulis Way,
Marlborough MA 01752)); hquid phase ligand binding assays (e.g., real-tivoe polymerase
chain reaction (RT-gPCR), and imnunoprecipiiation); and solid phase ligand binding assays
(e.g., multiwell plate assavs, on-bead Higand binding assays, on-column ligand binding

30 assays, and filter assays).

interchangeably herein and refer to any mammalian subject for whom diagnosis, treatment, or
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therapy is desired, particularly humans. "Mammal" for purposes of treatment refers to any
animal classified as a mammal, including humans, domestic and farm animals, and 700,
sports, or pet animals, such as dogs, horses, cats, cows, sheep, goats, pigs, etc. In some

embodiments, the mammal is a human being.

Suffering From: As used herein, the term “suffering from” refers to a determination
made by a physician with respect to a subject based on the available information accepted n
the field for the identification of a disease, disorder or condition including but not limmited to
X-ray, CT-scans, conventional laboratory diagnostic tests {e.g. blood count, etc.}, genomic
data, protein expression data, immunohistochemustry, that the subject requires or will benefit
from treatment. The termo suffering from 15 typically used in conjunction with a parficular
disease state such as “suffering from an inflammatory, infectious or autcimmune diseases,
disorders or conditions disease” refers 1o a subject which has been diagnosad with the

presence of an inflanuwoatory, infectious or autoimmune disease, disorder or condition.

Substantially Pure: As used herein i the term “substantially pure” indicates that a

component {e.g., a polypeptide) makes up greater than about 50% of the total content of the
composition, and typically greater than about 60% of the total polypeptide content. More
typically, “substantially pure” refers to compositions in which at least 75%, at least 85%, at
least 90% or more of the total composition is the component of interest. In some cases, the
polvpeptide will make up greater than about 90%, or greater than about 95% of the total

content of the composition.

T-cell; As used heremn the term “T-cell” or *T cell” 15 used i 1ts conventional sense
to refer to a lymphocytes that differentiates in the thymus, possess specific cell-surface
antigen receptors, and include some that control the initiation or suppression of cell-
mediated and humoral immunity and others that lyse antigen-bearing cells. In some
embodiments the T cell includes without limitation naive CD8 T cells, cvtotoxic CDE" T
cells, naive CD4" T cells, helper T cells, e.g. Tal, Tu2, Tu9, Tull, Ta22, Try; regulatory T
celis, e.g. Trl, Tregs, inducible Tregs; memory T cells, e.g. central memory T cells, effector
memory T cells, NKT cells, turnor nfittrating Iyrophoceytes (Tils) and engineered vanaots of
such T-cells including but not limited to CAR-T cells, recombinantly modified Tils and TCR

engineered cells.
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Therapeutically Effeciive Amount: The phrase “therapeutically effective amount™ as

used herein in reference (o the administration of an agent to a subjeci, either alone or as part
of a pharmaceutical composition or freatment regimen, int a single dose or as part of a series
of doses in an amount capable of having any detectable, positive effect on any symptom,
aspect, or charactleristic of a disease, disorder or condition when admimstered to the subject.
The therapeutically effective amount can be ascertained by measuring relevant physiological
effects, and it may be adjusted in connection with a dosing regimen and in response o
diagnostic analysis of the subject’s condition, and the like. The parameters for evaluation to
determine a therapeutically effective amount of an agent are determined by the physician
using art accepted diagnostic criteria including but not linuted to indicia such as age, weight,
sex, general health, ECOG score, observable physiological parameters, blood levels, blood
pressure, electrocardiogram, compuierized tomography, X-ray, and the like. Alternatively,
or in addition, other parameters coromonly assessed in the clinical setting may be monitored
to determine if a therapeutically effective amount of an agent has been administered to the
subject such as body temperature, heart raie, normalization of blood chemistry, normalization
of blood pressure, normalization of cholesterol levels, or any symptom, aspect, or
characteristic of the disease, disorder or condition, biomarkers {such as inflarnmatory
cytokines, IFN-y, granzyme. and the like), reduction in serum tumor markers, improvement in
Response Evaluation Criteria fn Solid Tumors (RECIST), iroprovement 1o Iromune-Related
Response Criteria (itRC}, increase in duration of survival, extended duration of progression
free survival, extension of the time to progression, increased time to treatment falure,
extended duration of event free survival, extension of time to next treatment, improvement
objective response rate, improvement n the duration of response, reduction of tumor burden,
complete response, partial response, stable disease, and the like that that are relied upon by
chinicians in the field for the assessment of an improvement in the condition of the subject in
response to adnunistration of an agent. As used herein the tetms “Complete Response (CR),”
“Partial Response (PR)” “Stable Disease (SD)” and “Progressive Disease (PD)” with respect
1o target lesions and the terms “Complete Response (CR),” “Incomplete Response/Stable
Disease (SD)” and Progressive Disease (PD) with respect fo non-target lesions are understood
to be as defined in the RECIST criteria. As used herein the terms “tmmune-related Complete
Response (irCR),” “immune-related Partial Response (sPR),” “immune-related Progressive

Dngease (irPD)” and “immume-related Stable Disease (rSD)Y” as as defined in accordance
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with the Immune-Related Response Criteria (irRC}. As used heram, the term “Immune-
Related Response Criteria (irRCY” refers 1o a systemn for evaluation of response {o
tnumunotherapies as described in Wolchok, ef af. (2009) Guidelines for the Evaluation of
Immune Therapy Activity in Solid Tumors: Immune-Related Response Criteria, Chinical Cancer
Research 15(23); 7412-7420. A therapeutically effective amount may be adjusted over a course
of treatroent of a subject in connection with the dosing regiren and/or evaluation of the
subject’s condition and variations in the foregoing factors. In one embodiment, a
therapeutically effective amount is an amount of an agent when used alone or in combination
with another agent does not result in non-reversible serious adverse events in the course of

administration to a mammalian subject.

Transmembrane Domainy The term "transmembrane domain * or "TM ¥ refers to the
domain of a membrane spanning polypeptide {e.g. 2 membrane spanning polypetide such as
CD122 or CD132 or a CAR) which, when the membrane spanning polypeptide is associated
with a cell membrane, 1s which is embedded in the cell membrane and is in peptidy! inkage
with the extracellular domain (ECD) and the intracellular domain (ICD) of a membrane
spanning polvpeptide. A transmembrane domain may be homologous {(naturally associated
with} or heterologous (not naturally associated with) with either or both of the exiraceliutar
and/or intracellular domains. In some embodiments the transmembrane domain is the
transmembrane domain natively associated with the ECD domain of the cognate recepior
from which the orthogonal recepior is derived. In some embodiments the transmembrane
domain is the transmembrane domain natively associated with the ICD domain of the cognate
receptor from which the orthogonal recepior s derived. In some embodiments the
transmembrane domain is the fransmembrane domain natively associated with the
proliferation signaling domamn. In some embodiments the transmembrane domain 15 the
transmembrane domain natively associated with a different protein.  Alternatively, the
transmembrane domain of the receptor may be an artificial amino acid sequence which spans
the plasma membrane. In some embodiments, where the receptor ts chimeric receptor
comprising the intracellular domain derived from a first parental receptor and a second
extracellular domains are derived from a second different parental receptor, the
transmembrane domain of the chimerie receplor is the fransmersbrane domain normally
associated with either the ICD or the ECD of the parent receptor {rom which the chimeric

receptor is derived.
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CENNNA3

Treat: The terms “treai”, “treating”, treatment” and the like refer to a course of action
(such as adminmstering an 1L-2 mulein, or a pharmaceutical composition comprising same})
initiated with respect to a subject after a disease, disorder or condition, or a symptom thereof,
has been diagnosed, observed, or the like in the subject so as to eliminate, reduce, suppress,
mitigate, or ameliorate, either temporarily or permanently, at least one of the underlving
causes of such disease, disorder, or condition afflicting a subject, or at least one of the
symyptoms associated with such disease, disorder, or condition. The treatment includes a
course of action taken with respect to a subject suffering from a disease where the course of
action results in the inhibition {e.g., arrests the development of the disease, disorder or
condition or ameliorates one or more symptoms associated therewith) of the disease in the

subject.

Treg Cell or Regulatory T Cell. The terms “regulatory T cell” or “Treg cell” as used

herein refers 1o a type of CD4" T cell that can suppress the responses of other T cells
including but not limited to effector T cells (Teff). Treg cells are characterized by expression
of CD4, the a~subunit of the IL-2 receptor {125}, and the transcription factor forkhead box
P3 {FOXP3) (Sakaguchi, Anne Rev Immunoi 22, 531-62 (2004). By “conventional CD4™ T

cells™ is meant CD4" T cells other than regulatory T cells,

Variant: The terms "protein variant” or "variant protein” or "variant polypeptide” are
used interchangeably hersin to refer to a polypeptide that differs from a parent polypeptids by
virtue of at least one amino acid modification. The parent polypeptide may be a naturally
oceurring or wild type (W} polypeptide or may be a modified version of a WT polvpeptide

{(i.e. mutein).

Wild Tvpe: By "wild type” or "WT" or "native” herein is meant an amino acid
sequence or a nuclectide sequence that is found in nature, including allelic vanations. A wild
tvpe protein, polvpeptide, antibody, imnunoglobulin, IgG, etc. has an aroino acid sequence or

a nucleotide sequence that has not been modified by the hand of man.

in some embodiments, the IL2 mutteins of the present disclosure provide
modifications that modify the binding of the 1L2 mutein to other proteins, in particular CD25,
CD122 and CD132 as well as corsbinations of such proteins such as CD122/CD132 (the
“intermediate affinity 1L2 receptor”™), CD25 (the “low affinity IL2 receptor”™) and
CD25/CD122/C132 (the “high affintty 112 receptor”™).
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The present disclosure provides methods and compositions for the treatment and/or
prevention of inflammatory, infectious or antoimmune diseases, disorders or conditions by
the adminisiration of a therapeutically effective amount of an human IL-2 muteins that have
decreased binding affintty for CD132 vet retain significant binding affinity for CD122 and/or

CD235 comparable to the affinily of wild-type human 1L-2.

in some embodiments, the IL-2 mutems possess decreased binding affinity 1o the
extracellular domain of hCD132 {e.g, <50% the affintty of wild type hiL2, alternatively
<45% the affinity of wild type hiL2, alternatively <40% the affinity of wild type IL2,
alternatively <35% the affinity of wild type hIL2, alternatively <25% the affinity of wild type
hiLZ, aliematively <20% the affinity of wild tvpe bIL2, alternatively <15% the affinity of
wild type IL2, alternatively <10% the affinity of wild type IL2, or alternatively <5% the
affinity of wild tvpe 1L2) while retaining substantial affinity {e.g., 20% the affinity of wild
type bIL2, aliernatively >30% the affinity of wild type hiL2, alternatively >40%,
alternatively >50% the affinity of wild type hiL2, altematively >60% the affiruty of wild
of wild type hILZ2, alternatively >75% the affinity of wild type hlL2, altematively >80% the
affinity of wild type hiL2, alternatively >85% the affimty of wild tvpe hil2, alternatively
>90% the affinuty of wild type ILZ, altemativaly >90% the affinity of wild type IL2,
alternatively >95% the affinity of wild tvpe IL2, alternatively >100% the affinity of wild type
IL2, alternatively >105% the affinily of wild type hIL2, alternatively >110% the affinity of
wild type IL2, alternatively >115% the affinity of wild tvpe hIL2, alternatively >125% the
affimity of wild type IL2, or alternatively >150% the affinity of wild tvpe hiL2) binding

affinity for the extracellular domain of the wild type human CD122 receptor.

In some embodiments, the IL-2 mutein useful in the practice of the methods of the
present disclosure having a reduced binding affinity for CD132 receptor further includes 1, 2,
3,4,5,6,7. 8,9 or 10 or more muiations that increase (1122 binding affinity. In certain
embodiments, the subject TL-2 mutein useful in the practice of the methods of the present
disclosure includes at least one mutation (e.g., a deletion, addition, or substitution of 1, 2, 3,
4,5,6,7,8.9, 10,11, 12, 13, 14, 15,16, 17, 18, 19, 20, or more amino acid residues) relative
to awild type IL-2 {e.g., SEQ ID NO:5), and binds the {2122 with higher affinity than a
wild type 1L-2. In certain embodiments, the IL-2 mutein binds CD122 with an affinity that is

at least 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
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609, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% greater than wild type
IL-2. The binding atfinity of IL-2 suutein can also be expressed as 1.2, 1.4, 1.5, 2, 5, 10, 15,

20, 25, 50, 100, 200, 250 or more fold greater affinity for the C122 than wild type hiL-2.

in some embodiments, the IL-2 muteins possess decreased binding affinity to the
extracellular domain of hUD132 (e.g, <50% the affinity of wild tvpe hiL2, alternatively
<45% the affintty of wild type L2, altervatively <40% the affinuty of wild type L2,
alternatively <35% the affinity of wild type hiL2, alterpatively <23% the affinity of wild type
hiL2, alternatively <20% the affinity of wild tvpe hIL2, aliernatively <15% the affinity of
wild type hIL2, altemnatively <10% the affinity of wild type hIL2, or altematively <5% the
affinity of wild type hiL2) while retaining substantial affinity {e.g, >50% the affinity of wild
tvpe hiL2, alternatively >60% the affinity of wild type hil2, alternatively >65% the affinity
of wild type hiL2, alternatively >70% the affinitv of wild type hILZ2, alternatively >75% the
affinity of wild type biL2, alternatively >80% the affinity of wild type hIL2, altervatively
>85% the affinity of wild type WIL2, alternatively >90% the affinity of wild type hiL2,
alternatively >90% the affinity of wild type hiL2, alternatively >95% the affinity of wild type
hIL2, aliernatively >100% the affinity of wild type bILZ, alternatively >105% the affinity of
wild type hIL2, alternatively >110% the affinity of wild type hiL2, alternatively >115% the
affinity of wild type hiL2, alternatively >125% the affinity of wild type hiL2, or alternatively
>150% the affinity of wild type L2} ine the hCD25/hC D122 receptor complex. In certain
embodiments, the IL2 muteins of the present disclosure possess reduced affinity for CD132.
In some embodiments, such L2 muteins incorporate modifications to the primary structure of
the wild tvpe IL2 incorporating one or more modifications at positions 18, 22, and 126

numbered in accordance with wild type hiL-2.

In some embodiments, the 1L-2 muteins possess decreased binding affinity to CD¥ 132
while retaining substantial affinity {e.g. >50% the affinity of wild type hiIL2, altematively
>60% the affinity of wild type hiL2, alternatively >65% the affinity of wild type hiL2,
allernatively >70% the affinity of wild tvpe hIL2, alternatively >75% the affinity of wild type
HL2, alternatively >80% the affinity of wild type hL2, alternatively >83% the affinity of
wild type hiL2, altemnatively >909% the affinity of wild type hIL2, altematively >90% the
affinity of wild type IL2, alternatively >95% the affinity of wild type hiLZ, alternatively
>100% the affinity of wild type 112, alternatively >105% the alfimaty of wild type hil.2,

alternatively >110% the affinity of wild type hiL2, alternatively >115% the affinity of wild
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type hIL2, alternatively >125% the affinity of wild type hILZ2, alternatively >150% the
affinity of wild type hiL2, alternatively >200% the affinity of wild type hiL2, alternatively
>300% the affinity of wild type 1L2, alternatively >400% the affinity of wild type hiLZ,

alternatively >500% the affinity of wild tvpe IL2) binding affinity for hCD25.

In one aspect, the present disclosure provides hiL-2 muteins exhibiting significant or
enbanced binding affinity for hCD235 and reduced binding affinity for the extracellular

domain of hCD132 receptor as compared to wild type human {L-2 (hiL-2).

in some embodiments, the 1L-2 muteins coruprise ona or more amino acid
substitutions that decrease C¥ 132 receptor binding affinity selected from amunoe acid

posttions 18, 22, and 126, numbered in accordance with mature wild tvpe hil-2.

in soroe embodiments, the subject 11.-2 muteins useful in the practice of the methods
of the present disclosure that are partial agonists have one or more reduced functions as

compared to wild type IL-2.

in certain embodiments, the 1L-2 muteins useful in the practice of the methods of the
present disclosure distupt the association of the C13122 with the CI3132 such that this
CD122/CD132 interaction is reduced by about 2%, about 5%, about 10%, about 15%, about
209%, about S0%, about 75%, about 20%, about 93% or more relative to wild type hiL-2. In
sorae embodiments, the one or more mutations reducing the binding affinity of the 1L-2
mutein for CD132 s an anmuno acid substitution. In some embodiments, the subject hil-2
mutein consisis of 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid substitutions as

compared to a wild type IL-2 (SEQ 1D} NG:5).

in certain embodiments the 1L2 mutein useful in the practice of the methods of the
present disclosure is an inhubitor of 1L-2 and/or IL-15 phosphorylation in CDE+ T cells. In
some embodiments, the mutein is an inhibitor of IL-2 and/or IL-15 induced proliferation of
CD38+ T cells. In some embodiments, the muiein 1s an inhibitor of IL-2 dependent, TCR-

nduced cell proliferation.

in certain embodiments the IL2 mutein usefid in the practice of the methods of the
present diselosure is an mhibitor of 1L-2 dependent activation of natural killer (NK} cells. IL-
2 activation of NK cells can be measured by any suitable method known in the art, for
example, by measuring HL.-2 induced CD6Y expression and/or cyiotoxicity, as described

herein.
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in some embodiments of the disclosure, the IL-2 muteins are partial agonisis. In
certain embodiments, the IL-2 mutein useful 1o the practice of the methods of the present
disclosure is a partial agonist has reduced capabilities 1o stimulate one or more signaling

pathways that are dependent on CD 22/CD132 heterodimerization. In some embodiments,

(2

the subject 1L-2 mutein has a reduced capability to stimulate phosphorylation in an CD22+
cell as compared to wild type hil-2. In some erobodiments, the 1L-2 mutein stimulates
STATS phosphorylation in an {L-2RP+ cell at a level that is 1%, 5%, 10%, 15%, 20%. 25Y%,
30%, 35%., 40%, 45%, 50%, 55%, 60%, 65%, T0%. T5%, 80%, &5%, 90%, 95% or less of the
tevel that wild type IL-2 stimulates STATS phosphorylation in the same cell. In some

10 embodiments, the IL-2Rp+ cell 1s a T cell. In particular emnbodiments, the T cellis aCDR+ T
cell. In some embodiments, the CD8+ T cell is a freshly isolated CD8+ T cell. In other
embodiments, the CD8+ T cell is an activated CD8+ T cell. In other embodiments, the
CD122+ cell 15 a natural killer (NK) cell.

in some embodiments, the IL2 mutein useful in the practice of the methods of the

15 present disclosure is a partial agonist has a reduced capability to stimulate signaling in an
CD122+ cell as compared to wild type hiL-2. In some embodiments, the 1L-2 mutein
stunulates pERKI/ERKZ signaling inan CD122+ cell at a level that is 19, 3%, 10%, 15%,
20%, 25%, 30%, 35%. 40%, 45%, 50%, 55%, 60%, 65%, 70%. 75%, 8%, &3%, 20%, 95%
or less of the level that wild type HL-2 stimulates pERK1/ERK?Z signaling in the same cell. In

20 some embodiments, the CD122+ cell is a T cell. In particular embodiments, the CD122+ T
ell is a CD&+ T cell. In some embodiments, the CD122+ CD8+ T cell is a CD122+ CD8+
T cell isolated from a subject. In other embodiments, the CD8+ T cell T cell is an activated
CD122+ CD8+ T cell. In other embodiments, the CD122+ cell is a natural killer (NK) cell.

STATS and ERK /2 signaling can be measure, for example, by phosphorylation of STATS

25  and ERK1/2 using any suitable method known in the art. For example, STATS and ERK1/2
phosphorvlation can be measured using antibodies specific for the phosphorviated version of
these molecules in

In certain embodiments, the routein useful in the practice of the methods of the
present disclosure 1s a partial agonist having has a reduced capability to induce lymphocyte

30 proliferation as compared to wild type hiL-2. In some embodiments, the iymphocyteisaT

cell. In particular emabodiments, the lvmphocyie 1s a primary CDE+ T cell. In other

embodiments, the lymphocyte is an activated CD8+ T cell. Cell proliferation can be
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measured using any suitable method known in the art. For example, lymphoeyte proliferation
can be measured using a carboxyfluorescein diacetate succinimudy ol diester (CFSE) dilution
assay or by {31-1}]-thymidine incorporation, as described herein. In some embodiments, an
IE-2 mutein of the present discloswre induces lvmphocyte proliferation at a level that is 1%,
5%, 10%, 15%, 20%, 25%, 30%, 33%, 40%, 45%, 50%, 55%, 60%, 65%., 70%, 75%, 80%,

85%, 90%, 93% or less of the level that wild type hiL-2 induce lvraphocvte proliferation.

in some embodiments, an IL-2 owtein of the present disclosure is a partial agonist
that has a reduced capability to activate CD2S expression in a lvmphocvte as compared o
wild type [L-2. In some embodiments, the IL-2 mutein activates 1L-2Ra expression in a
tymphocyte at a level that s 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%., 60%, 65%, T0%, 75%, B0%, 83%, 90%, 95% or less of the level that wild type 1L-2
activates CD25 expression in the same cell. In some embodiments, the lymphocyte is a CD&+
T cell. In some embodiments, the CDR+ T-cell is a freshly 1solated CDE+ T cell. In other

embodiments, the CD8+ T cell is an activated CD8+ T cell.
in some embodiments of the disclosure, the IL-2 muteins are full agonists.
In some embodiments of the disclosure, the IL-2 muteins are super agonisis.

In some embodiments, the disclosure methods and compositions for the treatment
and/or prevention of jnflaromatory, infectious or autoiromune diseases, disorders or
conditions diseases, disorders or conditions by the administration of a therapeutically
effective amount of an human [L-2 muteins that have decreased binding affinity for CD132
yet retain significant binding affinity for CP122 and/or CD25 comparable to the activity of
wild-type L2 in combination with a supplementary agents, including but vot liroited to ove
or more of chemotherapeutics, immune checkpoint modulators, radictherapy and/or physical

iterventional treatment methods such as surgery.

in some embodiments, the present disclosure provides human mtedeukin-2 (1L-2}
muteins providing rodified binding properties to one or more IL2 receptors for the treatment
of mflammatory, infectious or autoimnwne diseases, disorders or conditions.

In various embodiments, the present disclosure provides polypeptides comprising the

amino acid sequence according to the following formula 1
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(AADAAAZ)-{AA3)-{AAD)a-(AA S )e-( AAC)-{AAT )p-(AAB - ]
(AADY-T10-Q11-L12-Q13-L14-E15-H16-L17-(AA18)-L19-D20-
L21-(AA22)-M23-124-L25-N26-G27-128-N29-N30-Y 3 1-K32-N33-
P34-(AA3S)-LI6-T3T-(AA3RI(AA3Y)-LA0-T41-F42-K43-F44-
YV45-M46-PA7-K48-K49-AS0-T51-E52-L53-K54-( AA55)-L56-
Q57-C58-L59-E60-E6 1 -E62-L63-K64-P65-L66-E6T-EOS-(AAG)-
TO-NT1-L72-AT3-(AAT4)-875-KT6-NT7-FT8-HT9-(AASO-
(AAS1)-PSZ-RE3-DS4-(AASS)-(AABG)-SET-NEE-(AASY)-NO-
(BAS)-(AAD2)-VO3-LU4-EIS-LIGA AAGT)-GI8-899-E100-T101 -

10 T102-FH03-(AA1043-C105-E106-Y 107-A108-(AAT09)-E110-
T111-A112-(AA113)-1114-V115-E116-F117-L118-N119-R120-
W121-1122-T123-F1 24-CAAL125)-( AA126)-8 127-T1 2811 29-
(AALI0NTI31-LI32-T133

(2

Formula 1
15 wherein:
s ecachofa b ¢ d e f gh andiisindividually selected from Qor 1;
*  AAY s A (wild type, a=1} or deleted {a=0);
& AAZ IS P (wild type, b=1} or deleted (b=0};
e AAZ s T(wildtype, ¢c=1},C, A, G, Q. E, N, D, R, K, P, or deleted (¢c=0};
20 e AA41s S (wild type, d=1) or deleted (d=0};
e AASIs S (wild type, e=1) or deleted (e=0);
e AA61s S (wild type, £=1) or deleted (f=0);
& AAT s T (wild type, g=1} or deleted {g=0};
= AAEZ s K (wild tvpe, b=1) or deleted (h=0};
AAY% s K (wild type, =1} or deleted (=0);
e AAISwL(wildtvpe) or RLLGMFEH WK QS VLY, H Do T,
o AAZZisQ(wildtype) or FEGA LMF W EKSV.LY.HRNDT or
F;

>

N
U
[

e AA3S s K {wildtype) or E;

(o
<
2

AA3E is R {wild type), W or G;
s AA3% s M (wildtype), L or V;
®  AASS o H (wildiype} or Y,
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8

®

&

AAGY 18V (wildtype) or A;

AAT41s @ (wild typel, B, N H, §;

AA8G s L (wild type), For vV,

AABTIsR (wild type), LD or T,

AARS s L (wild type) or V;

AABG1s 1 (wild type) or V,

AABS s I {(wild typejor V;

AA2 s {wild type) or F,

AA9T is K (wild type} or

AATO4 1s M (wild type) or A

AALTO9 1 D (wildtype), € or anon-natural amino acid with an activated side
chain,

AAT3 s T (wild type) or N;

AA125 15 C {wild type), Aor §;

AAI2O s Y (wildtypetor H MK, C D E. G LR S, or T, and
AA1I30 18 S (wild tvpe), T. Gor R and

with the proviso that if AAIS s R and AA2Z2 1S E, then AAI261snot HLM, K, C DL E, G

R, S, orT.

In certain embodiments, the disclosure provides IL2 muteins comprising the

following mudations:

®  AALB s selecled from the group consisting of L (wild typeyor R, L, G, M, F,
EHWKQSVLYHDoT,

®  AAZZ i3 selecled from the group consisting of Q (wild typeyor FLE, G, A L,
MOFW K S VLY. HRND, T orF,and

®  AA126is selected from the group consisting of @ (wildtype}or H, M, K, C,
DEGLRS orT,

with the proviso that if AAIRis Rand AAZ2 15 E, then AAI26 snot H, M, K, O, B, E, G §

RS, ot

in certain embodiments, the disclosure provides 112 nurteins comprising the

following mutations:

@ a:::();
¢ AAIR1s selected from the group consisting of L (wild typeyor R, L, G, M. F,
EHWEKQSVLY.HDoaT,
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e AA22 is selected from the group consisting of @ (wildtvpe)or F,E, G, A L,
M,F, W K, S, VLY. H BN D, T, orF; and
e AA1261s selected from the group consisting of @ (wild typeyor HL M, K, C,

DLE,G LR S or T,
5 with the proviso that if AAIE 1s Rand AA22isFor V, then AAI26isnotH, MK, C, D E,
G LR S orT.

in some embodiments, the present disclosure provides IL-2 mutein that comprises
amuno acid substitudions at amino acid positions 18, 22, and 126, numbered in accordance
with wild type hiL-2 as described in Table 2 below. Note that the three-letter abbreviation
10 for the particular IL2 nurein reflects an L2 mutein having the mutations at positions 18, 22
and 126, for example “FEH” is shorthand nomenclature for an IL2 mutein comprising the
substitutions L18F, Q22E and Q126H. In particular the 112 muteins of the present disclosure

comprise amino acid substitutions at positions 18 and/or 22, and 126 as described in Table 2

below:
15
RGO R 3wt} 3 (wt)
LEQ L {wt} E Q (wt)
LQH L {wi) Q (wt) H
RQH R’ Q{wi} H
LEH L {wt) E H
GEH G E H
AEH A E H
MEH M E H
FEH F E H
WEH W H
KEH K 1) H
QEH O E H
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31

H

H

H

H

ki) H

NEH N E B
DEH B E H
TEH T E H
RGH R G H
RAH R A B
RLH R L H
RMH R M H
RFH R F H
RWH R W H
REKH R K H
RSH R N H
RVH R A% H
RIH R H H

RYH R Y B
RHH R B H
RRH R R H
RNH R N H
RDH R b 51
RTH R T H
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The foregoing IL2 muteins of Table 2 were prepared and tested in substantial
accordance with the Examples herein. The results of the experiments are provided in FIGS. 1
and 2 of the attached drawings. Asillustrated in FIG. 1, the IL2 muteins of the present
imvention retained significant IL2 activity. As illustrated in FIG. 2, the IL2 muteins of the
present disclosure demonstrated sigmficantly preferential activity on CDZS expressing cells

relative to wild tvpe L2,

The 112 muteins may also contain one more substitutions, deletions, or insertions
within the wild type IL-2 amino acid sequence. The following nomenclature is used herein to
refer to substitutions, deletions or ingsertions. Residues may be designated herein by the one-
tetter or three-letter amino acid code followed by the IL-2 amino acid postiion, e.g.,
“Cys1257 or “C1257 refers to the cysteine residue at position 125 of SEQ 1D NO:5.
Substitutions are designated herein by the one letter amino acid code followed by the 1L-2
amino acid position followed by the Substituting one letter anuno acid code, for example
“K335A7 refers to a substitution of the lysine (K) residue at position 35 of Sequence ID No. 3
with an alanine (A) residue. A deletion is referred to as “des” followed by the deleted amino
acid residue and its position in SEQ ID NO:S. For example the terms “des-Alal” or “desAl”

refers to the deletion of the alanine at position 1 of the polypeptide of SEQ 1D NG5,

Mutations to Increase CD122 Affinity

In some embodiments of the invention the IL2 muteins may comprise amino acid
substitutions that enhance CD122 binding affinity. Examples of amino acid substitutions that
enhance CD122 binding affiraty include but are not linuted to Q74N, Q74H, (3748, L8OF,
£80V, R8ID, R8IT, L85V, 186V, 18OV, and/or I92F or combinations thereof. In certain
embodiments, the amino acid substitutions that increase CD 122 binding affinity comprise:;
LROF, RBI1D, LESV, 186V and I92F . In some embodiments, the amino acid substitutions that
increase CD122 binding affinity comprise: N74¢, L8OF, R81D, L85V 186V IR0V and
I92F. In some embodiments, the amino acid substitutions that increase CD122 binding
affinity comprise: Q74N, LEOV, R8IT, LBV, 186V, and 192F In certain embodiments, the
amino acid substitutions that increase D122 binding affinity comprise: Q74H, LEOF, RE1D,
L85V, 186V and I192F. In some embodiments, the amino acid subsiitutions that increase
CD122 binding affinity comprise: G748, L30T, RBID, LESY, 186V and I92F. In certain
embodunents, the anino acid substitutions that increase CD122 binding affinity coroprise:
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Q74N, L8OF, R81D, L85V, I86V and I92F. In certain embodiments, the amino acid
substitutions that increase CD22 binding affinity comprise: @748, R81T, L85V, and I92F.

in soroe embodiments, IL2 muteins may be alfinity matured to enhance their affinity
for D25 and/or (D122, An "affinity matured” polvpeptide is one having one or more
alteration{s} in one or more residues which results in an improvement in the affinity of the
orthogonal polypeptide for the cognate orthogonal receptor, or vice versa, compared to a
parent polypeptide which does not possess those alteration{(s). Affinity maturation can be
done to increase the binding affinity of the IL2 mutein by at least about 10%, alternatively at
teast about 50%, alternatively at least about 100% alternatively at least about 150%, or from

110 5 fold as compared to the "parent” polyvpeptide.

Mutations to Increase CBIS Affinity:

In some embodiments, the IL-2 muteins contain one or more nuuations in postiions of
the 1L-2 sequence that etther contact CD23 or aller the orientation of other positions
contacting D25 resulting in an L2 mutein possessing jucreased affinity for CD2ZS. 1o some
embodiments, the IL2 muteins of the present disclosure comprise one or more the
substitutions V69A and 74P which have been described as increasing the binding affinity of

112 for CD25.

Removal of Thr3 Glycesylation Site

The IL2 muteins of the present disclosure may further or optionally provide
elimination of the O-glycosvlation site at position Thr3 of the {o {facilitate the production of
an aglvcosylated 112 routein when the 112 mutein expressed in manumalian cells such as
CHO or HEK cells. Thus, in certain embodiments the 112 mutein further comprise a
modification which eliminates the O-glycosviation site of 1L-2 at a position corresponding to
residue 3 of human 1L-2. In one embodiment said modification which eliminates the O-
glveosylation site of IL.-2 at a position corresponding to residue 3 of human IL.-2 is an amino
acid substitution. Exemplary amino acid substitutions include T3A, T3G, T3, T3E, T3N,
T30, T3R, T3K, T3S, T3C and T3P which removes the glycosylation site at position 3

without elimunating biological activity (see U.S. Pat. No. 5,116,943; Weiger et al., (1989)
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Fur. J. Biochem., 180:295-300}. In a specific embodiment, said modification is the amino

actd substitetion T3A.

Minimizing Vascular Leak Syndrome

in some embodiments of the disclosure, the 1L.2 mutein may comprise amino acid
substitutions to avoid vascular leak syndrome, a substantial negative and dose limiting side
effect of the use of 1.2 therapy in human beings without out substantial loss of efficacy. See,
Epstein, et al., United States Patent No 7,514,07382 issued April 7, 2009, Examples of such
modifications which are included in the IL2 mutteins of the present disclosure include one or

more of R38W, R38G, R39L, R39V, F42K, and H55Y.

Oxidation Resistance M104A

The 1L.2 muteins may optionally further comprise a modification at position M104, in
one embodiment the substitution of methioning 104 with an alanine residus (M104A) to
provide a more oxidation-resistant IL2 mutein {See Koths, ef af. United States patent

4,752,585 issued June 21, 1988).

Cys125

In some embodiments, the cysteine at position 125 is substituted with alanine or
sering {C125A or C1258) to mununize potential nusfolding of the protein when expressed

recombinantly in bacteria and isolated from inclusion bodies as described in

N termingl Deletions

When produced recombinantly in bacterial expression svstems directly in the absence
of a leader sequence, endogenous proteases result in the deletion of the N-terminal Met-Alal
residues to provide “desAlal”™ IL2 muteins. In some embodiments, the present disclosure
provides h1L2 muteins which are hIL2 polypeptides comprising one of the following sets of

anuno acid modifications:

47



wr

10

WO 2021/146481 PCT/US2021/013514

IL.2 muteins may comprise deletion of the {first two amino acids {desAlal-desPro2) as
well as substifution of the Thr3 glycosyvlation with a eysieine residue to facilitate for selective
N-terminal modification, especially PEGylation of the sulthydryl group of the cysteine (See,

e.g Katre, ef al. United States Patent No 5,206,344 issued April 27, 1993).

The IL2 muteins may further comprise elimination of N-terminal amino acids at ona
or more of positions 1-9 {corapounds of the above fornmula where a, b, ¢ d, e, f g h, and 1 are
all zero), alternatively positions 1-% {(compounds of the above formula where a, b, ¢c. d. e, f, g,
and h are all zero), alternatively positions 1-7 (compounds of the above formula where a, b, ¢,
d. e, f, and g are all zero), alternatively positions 1-6 {compounds of the above formula where
a, b, ¢, d, e, and fare all zero), altematively positions 1-5 {compounds of the above formula
where a, b, ¢, d. and e are all zero), alternatively positions 1-4 {compounds of the above
formula where a, b, ¢ and d are all zero}, alternatively positions des1-3 (compounds of the
above formula where a, b, and ¢ are all zero), or alternatively positions 1-2 {compounds of

the above formula where a and b are all zero) while retaining 112 activity.

Conservative Amine Acid Substitutions

In some embodiments, the TL2 muteins of the present disclosure may further comprise
one more conservative amino acid substitution within the wild type 1L-2 amino acud
sequence. Such conservative substitutions include those described by Davhoffin The Atlas
of Protein Sequence and Structure S {1978}, and by Argos in EMBQ I, 8:779-785
(1989, Conservative substitutions are generally made n accordance with the following chart

depicted as Table 3.

Ala Ser
Arg Lys
Asn Gin, Hig
Asp Ghu
Cys Ser, Ala
Gln Asn
Glu Asp
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Gly Pro

His Asn, Gin

He Leu Val
Leu fie, Val

Lvs Arg, Gln, Glu, Met, Leu, lle
Phe Met, Leu, Ty, Trp
Ser Thr

Thr Ser

Trp Tvr, Phe
Tyr Trp, Phe
Val lle, Leu

Substantial changes in function or iromunological identity may be made by selecting
amino acid substitutions that are less conservative than those indicated in Table 3. For
example substitutions may be made which more significantly affect the structure of the
polypeptide backbone or disrupt secondary or tertiary elements including the substitution of
an amino acid with a small uncharged side cham {e.g. glycine} with a large charge bulky side
chain {asparagine). In particular, substitution of those IL2 residues which are involved in the
aming acids that interact with one or more of CD25, D122 and/or CDB123 as may be

discerned from the crystal structure of 1L2 in association with iis receptors as described in

Modifications to Extend Persistence In Vivo

As discussed above, the compositions of the present disclosure include IL2 muteins
that bave beeu ruodified to provide for an extended hifetime 1o vive and/or extended duration

of action in a subject.
Primary Sequence Modifications

in some embodiments, the IL2 mutein may comprise certain amino acid substitutions

that result in prolonged in vivo lifetime. For example, Dakshinamurthi, ef af. (Intemational
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Journal of Bioinformatics Research (2009) 1(2):4-13} state that one or more of the
substitutions in the IL2 polypeptide VOIR, KO7E and T113N will result in an IL2 vanant
possessing enhanced stability and activity. In some embodiments, the 1L.2 muteins of the
present disclosure comprise ong, two or all three of the VOIR, K97E and T113N

modifications.
Corjugates and Carrier Molecules

In some embodiments the 1.2 mutein is modified to provide an extended duration of
action in a subject which may be achueve through conjugation to carrier molecules to provide
desired pharmacological properties such as extended halfdife. In some embodiments, the 112
mutein can be covalently hinked to the Fe domain of 1gG, albumin, or other molecules to
extend its half-life, e.g. by PEGylation, ghycosylation, fatty acid acylation, and the like as
known in the art. In some embodiments, the IL-2 conjugate comprises a plasma half-lifeina
human subject of greater than 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 howrs, 10 hours,
12 hours, 18 hours, 24 hours, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 10 davs, 14 days,

or 30 days.
Albumin Fusions

In some embodiments, the TL2 mutein s expressed as a fusion protein with an
alburnin molecule {e.g. human serum albumin) which 1s known 1o the art to facilitate

extended exposure 1 vivo,

in one embodiment of the invention, the hiL2 analog is conjugated to albumin
referred o herein as an “TIL2 mutein albumin fusion.” The termo “albumin” as used in the
context KiL.2 analog albumun fusions include albumins such as human serum albumin (HSA),
cyno serum albumin, and bovine serum albumin (BSA}. In some embodiments, the HSA the
HSA comprises a {348 or K573P amino acid substitution relative {o the wild type HSA
sequence According to the present disclosure, albumin can be conjugated to a hiL2 mutein at
the carboxyl terminus, the anuno terrainus, both the carboxyl and amino ternuni, and
internally {(see, e.g.. US Patent No. 5,876,969 and US Patent No. 7,056,701}, In the HSA-
hiL2 mutein polypeptide conjugates contemplated by the present disclosure, various forms of
alburun can be used, such as albumin secretion pre-sequences and variants thereof, fragments
and variants thereof, and HSA variants. Such forms generally possess one or more desired

albumin activities. In additional embodiments, the present disclosure involves fusion
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proteins comprising a hiL2 analog polypeptide fused directly or indirectly to albumin, an
albumin fragment, and albumin variant, etc., wherein the fusion protein has a higher plasma
stability than the unfused drug molecule and/or the fusion protein retains the therapeutic
activity of the unfused drug molecule. In some embodiments, the indirect fusion is effected
by a linker such as a peptide linker or modified version thereof as more fully discussed

below.

Alternatively, the hil2 analog albumin fusion comprises IL2 muteins that are fusion
proteins which comprise an albumin binding domain {ABD) polypeptide sequence and an 1L2
mutein polypeptide. As aliuded to above, fusion proteins which comprnise an albumin binding
domain {ABD) polyvpeptide sequence and an hiL2 analog polypeptide can, for example, be
achieved by genetic mamipulation, such that the nucleic acid coding for HS A, or a fragment
thereof, is joined to the nucleic acid coding for the one or more [L2 mutein sequences. In
some embodiments, the albumin-binding peptide comprises the anuno acid sequence

DICLPRWGCLW (SEQ 1D NO:6).

The 112 nmutein polypeptide can also be conjugated to large, slowly metabolized
macromolecules such as proteins; polvsaccharides, such as sepharose, agarose, cellulose, or
cetlulose beads; polymeric amino acids such as polyglutanuc acid, or polylysine; amino acid
copolymers; inactivated virus particles; inactivated bacterial toxins such as toxoid from
diphtheria, tetanus, cholera, or leukotoxin molecules; inactivated bacteria, dendritic cells,
thyroglobulin; tetanus foxoid; Diphtheria toxoid; polvamino acids such as poly(D-lysine: D~
glutarnic acid); VP6 polypeptides of rotaviruses; influenza virus hernaglutinin, influenza
virus nucleoprotein; Kevhole Limpet Hemocyanin (KLH); and hepatitis B virus core protein
and surface antigen Such conjugated forms, if destred, can be used to produce antibodies

against a poly peptide of the present disclosure,

in some embodiments, the T2 mutein is conjugated {either chenucally or as a fusion
protein) with an XTEN which provides extended duration of akin to PEGylation and may be
produced as a recombinant fusion protein in £. cofi. XTEN polymers suitable for use in
conjunction with the 1L.2 routeins of the present disclosure are provided in Podust, ef o/,
(2016) “Extension of in vivo haif-life of biologically active molecules by XTEN protein
polvmers”, § Controlled Release 240:52-66 and Haeckel et al. (2016) “XTEN as Biological
Alternative to PEGylation Allows Complete Expression of a Protease- Activaiable Killin-

Based Cytostatic” PLOS ONE | DOL10.137Vjournal pone. 0157193 June 13, 2016, The
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XTEN polymer may fusion protein may mcorporate a protease sensttive cleavage site

between the XTEN polypeptide and the IL2 mutein such as an MMP-2 cleavage site.

Additional candidate components and molecules for conjugation include those suitable
for isolation or punification. Particular non-limiting examples include binding molecules, such
as biotin (biotin-avidin specific binding pair), an antibody, a receptor, a ligand, a lectin, or
molecules that comprise a solid support, including, for example, plastic or polvstyrene beads,

plates or beads, magnetic beads, test strips, and membranes.
PEGylation:

in some embodiments, the IL2 mwiein is conjugated to one or more water-soluble
polymers. Examples of water soluble polymers useful in the practice of the present invention
include polyethylene glveol (PEG), polv-propylene glveol (PPG), polysaccharides
{polyvinylpyrrolidone, copolymers of ethylene glycol and propylene glveol,
polvi{oxyethylated polvol), polvolefinic alcohol, polysaccharides, poly-alpha-hvdroxy acid,
polyvinyl alcohol (PV A}, polyphosphazene, polyoxazolines (POZ), polv(N-

acrylovimorpholine), or a combination thereof.

In some embodiments the IL2 mutein is conjugated to one or more polvethyiene glycol
molecules or “PEGylated.” Although the method or site of PEG attachment to IL2 mudein may
vary, in certain ervbodiroents the PEGylation does not alter, or only sunumally alters, the

activity of the IL2 mutein.

in some embodiments, a cysteine may be substituted for the threonine at position 3

37TC) to facilitate N-terminal PEGylation using particular chemistries.
p

In some embodiments, selective PEGviation of the TL.2 mutein (for example by the
incorporation of non~-natural arvino acids having side chains to facilitate selective PEG
conjugation chemistries as described Ptacin, ef af (PCT International Application No.
PCT/US2018/045257 filed August 3, 2018 and published February 7, 2019 as International
Fublication Number WO 2019/028419A] may be employed to generate an 1L.2 routein with
having reduced affinity for one or more subunits (g.g. CD235, CD132) of an {L.2 receptor
complex. For example, an hIL2 mutein incorporating non-natural amino acids having a
PEGylatable specific moiety at those sequences or residues of 1L2 identified as interacting
with CD25 neluding aroino acids 34-45, 61-72 and 105-109 typically provides an IL2 mutein

having diminished binding to CD25. Similarly, an hiL2 nuein incorporating non-natural
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amino acids having a PEGylatable specific moiety at those sequences or residues of L2
identified as jnteracting with hCD132 including amino acids 18, 22, 109, 126, or from 119-

133 provides an L2 mutein having diminished binding to hCD132.

in certain embodiments, the increase in half-life is greater than any decrease in
biclogical activity. PEGs suitable for conjugation to a polypeptide sequence are generally
soluble in water at room temperature, and have the general formula R(O-CH2~-CH2}:0-R,
where R is hydrogen or a protective group such as an alkyl or an alkanol group, and where n
is an integer from 1 10 1000, When R is a protective group, it generally has from 1 to 8
carbons. The PEG conjugated to the polvpepiide sequence can be linear or branched.
Branched PEG denvatives, “star-PEGs” and multi-armed PEGs are contenmplated by the

present disclosure.

A molecular weight of the PEG used in the present disclosure is not restricted to any
particular range. The PEG component of the PEG-IL2 mutein can have a molecular mass
greater than about 5kDa, greater than about 10kDa, greater than about 15kDa, greater than
about 20kDa, greater than abowt 30kDa, greater than about 40kDa, or greater than about
30LDa. In some embodiments, the molecular mass is from about 5kDa (o about 10kDa, from
about 5kDa 1o about 15kDa, from about 5kDa to about 20kDa, from about 10kDa to about
15kDa, from about 10kDa to about 20kDa, from abowt 10kDa to about 25kDa or from about
10kDa to about 30kDya. Linear or branched PEG molecules having molecular weights from
about 2,000 to about 80,000 daltons, alternatively about 2,000 {o about 70,000 daltons,
alternatively about 3,000 to about 30,000 daltons, alternatively about 10,000 to about 50,060
daltons, alternatively about 20,000 to about 50,000 daltons, alternatively about 30,000 to
about 50,000 daltons, alternatively about 20,000 to about 40,000 daltons, altematively about
30,000 io about 40,000 daltons. In one embodiment of the invention, the PEG 15 a 40kD

branched PEG comprising two 20 kD arms.

The present disclosure also contemplates compositions of conjugates wherein the
PEGs have different n values, and thus the various different PEGs are present in specific
ratios. For example, some compositions comprise a roixture of conjugates wheren=1, 2, 3
and 4. In some compositions, the percentage of conjugates where n=1 is 18-25%, the
perceniage of conjugates where n=2 is 50-66%, the percentage of conjugates where n=3 is
12-16%, and the percentage of conjugates where n=4 i3 up o 5%. Such compositions can be

produced by reaction conditions and purification methods known in the art. Chromatography
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may be used to resolve conjugate fractions, and a fraction is then identified which contains
the conjugate having, for example, the desired number of PEGs attached, purified free from

unmodified protein sequences and from conjugates having other numbers of PEGs attached.

PEGs suitable for conjugation to a polypeptide sequence are generally soluble in
water at room temperatire, and have the general formula R{O-CH-CH2O-R, where R is
hydrogen or a protective group such as an alkyl or an alkanol group, and where n is an integer

from 1 to 1000, When R 15 a protective group, it generally has from 1 to 8 carbons.

Two widely used first generation activated monomethoxy PEGs (mPEGs) are
succinimdyl carbonate PEG (SC-PEG; see, e.g., Zalipsky, et al. {1992} Biotehnol. Appl.
Biochem 15:100-114) and benzotriazole carbonate PEG (BTC-PEG; see, e.g., Dolence, et al.
US Patent No. 5,650,234}, which react preferentially with lysine residues to form a carbamate
linkage but are also known to react with histidine and tyrosine residues. Use of a PEG-
aldehvde linker targets a single site on the N-terminus of a polypeptide through reductive

amination,

Pegylation roost frequently occurs at the a~-aroino group at the N-ternunus of the
polypeptide, the epsilon amino group on the side chain of lvsine residues, and the imidazole
group on the side chain of histidme residues. Since most recombinant polypeptides possess a
single alpha and a number of epsilon amino and imidazole groups, numerous positional
isomers can be generated depending on the linker chemistrv. General pegylation strategies

known in the art can be applied herein.

The PEG can be bound to an 1L2 mutein of the present disclosure via a terminal
reactive group {a “spacer”) which mediates a bond between the free amino or carboxyl
groups of one or more of the poly peptide sequences and polvethylene glycol. The PEG
having the spacer which can be bound to the free anuno group includes N-
hydroxysuccinylimide polyethylene glycol, which can be prepared by activating succinic acid

ester of polyethylene glycol with N-hvdroxysuccinylimide.

In some embodiments, the PEGylation of IL2 muteins is facilitated by the
meorporation of non-natural anuno acids bearing unique side chains to facilitate site specific
PEGylation. The incorporation of non-natural amino acids into polypeptides to provide
functional moieties to achieve site specific pegylation of such polypeptides is known in the

art. Seee.g. Ptacin, et al (PCT International Application No. PCT/US2018/045257 filed
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August 3, 2018 and published February 7, 2019 as International Publication Number WO
2019/028419A1 In one embodiment, the IL2 muteins of the present invention incorporate a
non-natural aminoe acid at position D109 of the 1L2 nutein. In one embodiment of the
imvention the L2 mutein is a PEGylated at position 109 of the IL2 mutein to a PEG molecule
having a molecular weight of about 20kD3, altematively about 30kD, alternatively about

40k,

The PEG conjugated to the polypeptide sequence can be linear or branched.
Branched PEG derivatives, “star-PEGs™ and multi-armed PEGs are contemplated by the
present disclosure.  Specific embodimenis PEGs useful in the practice of the present
mvention include a 10kDa hnear PEG-aldehyde {e.g.. Sunbright® ME-100AL, NOF America
Corporation, One North Broadway, White Plains, NY 16601 USA), 10kDa linear PEG-NHS
ester {e.g., Sunbright® ME-100CS, Sunbright® ME-100AS, Sunbright® ME-100GS,
Sunbright® ME-100HS, NOF), a 20kDa hnear PEG-aldehyvde (e.g. Sunbright® ME-200A1L,
NOF, a 20kDa linear PEG- NHS ester {e. 2., Sunbright® ME-200CS, Sunbright® ME-200AS,
Sunbright® ME-200GS, Sunbright® ME-200HS, NOF), a 20kDa 2-arm branched PEG-
aldehyde the 20 kDA PEG-aldehyde comprising two 10kDA linear PEG molecules {e.g.,
Sunbright® GL2-200AL3, NOF), a 20kDa Z-arm branched PEG-NHS ester the 20 kDA
PEG-NHS ester comprising two 10kDA linear PEG molecules (e g., Sunbright® GL2-200TS,
Sunbright® GL200GS2, NOF), a 40kDa 2-arm branched PEG-aldehyde the 40 kDA PEG-
aldehvde comprising two 20kDA linear PEG molecules (e g, Sunbright® GL2-400AL3), a
40kDa 2-arm branched PEG-NHS ester the 40 kDA PEG-NHS ester comprising two 20kDA
linear PEG molecules {e. g, Sunbright® GL2-400AL3, Sunbright® GL2-400G82, NOF), a
lingar 30kDa PEG-aldehvde (e g, Sunbrnight® ME-300AL) and a linear 30kDa PEG-NHS

aster,

As previcusly noted, the PEG mav be attached directly to the 112 rutein or via a linker
molecule. Suitable linkers include “flexible finkers™ which are generally of sufficient length
to permut some movement between the modified polvpeptide sequences and the linked
componeots and molecules. The linker molecules are generally about 6-30 atoms long. The
linker molecules can also be, for example, arvl acetylene, ethylene glveol oligomers containing
2-10 monomer units, diamines, diacids, amino acids, or combinations thereof. Suitable linkers
can be readily selected and can be of any suntable lengith, such as 1 amino acid (e.g., Glv), 2. 3,

4.5, 6,78, 9, 10, 10-20, 20-30, 30-30 or more than 50 amino acids. Examples of flexible
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linkers include glyvcing polymers (G, glycine-serine polymers, glycine-alanine polymers,
alanine-serine polyrers, and other flexible Hinkers. Glycine and glyeive-serine polymers are
relatively unstructured, and therefore can serve as a neutral tether between componenis. Further

examples of flexible linkers include glvcine polymers (G, glycine-alanine polymers, alanine-

(2

serine polymers, glycine-serine polvmers. Glycine and glycine-serine polymers are relatively
unstructured, and therefore may serve as a neutral tether between components. A moultimer
{e.g.1,2,3.4,5,6, 7,89, 10, 10-20, 20-30, or 30-50) of these linker sequences may be linked
together to provide flexible linkers that may be used to conjugate a heterologous amino acid

sequence to the polvpeptides disclosed herein.

10 Further, such hinkers may be used to link the IL2 mutein to additional heterologous
polypeptide components as described herein, the heterologous amino acid sequence may be a

signal sequence and/or a fusion partner, such as, albumin, Fo sequence, and the like.
Acyiation

in some embodiments, the IL2 mutein of the present disclosure roay be acylated by
15 conjugation to a fatty acid molecule as described in Resh (2016} Progress in Lipid Research
63: 120131, Examples of fatty acids that may be conpugated inchade myristate, palmitate and
palmitoleic acid. Myristoylate is typically linked o an N-tenminal glveine but lysines may
also be myristoviated. Palmtoylation is typically achieved by enzywatic modification of free
cysteine ~-SH groups such as DHHC proteins catalyze S-palmitoviation. Palmutolevlation of

20 serine and threonine residues is typically achieved enzymatically using PORCN enzymes.
Acetvlation

1o some embodiments, the 1L-2 mutein 1s acetvlated at the N-termuous by enzymatic
reaction with N-terminal acetyltransferase and, for example, acetyl CoA. Altematively, or in
addition to N-terminal acetylation, the IL-2 mudein is acetylated at one or more lysine

28 residues, e.g. by enzymatic reaction with a lysine acetyltransferase. See, for example
Choudhary et al. {2009) Science 325 (5942):8341L.2 orthoB40,
F¢ Fusions
In some embodiments, the IL2 fusion protein may incorporate an F¢ region derived

from the Tg( subclass of antibodies that lacks the 1gG heavy chain vanable region. The "Fe

30 region” can be a naturally occurring or syothetic polypeptide that 1s horoologous to the 1gG
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C-terminal domain produced by digestion of 1gG with papain. IgG Fc has a molecular weight
of approximately 30 kda. The mutant IL-2 polypeptides can include the entire Fe region, or a
smaller portion that retains the ability to extend the circulating haif-life of a chimeric
polypeptide of which it is a part. In addition, full-length or fragmented Fc regions can be
variants of the wild tvpe molecule. That is, they can contain mutations that may or may not
affect the function of the polvpeptides; as described further below, native activity 1s not
necessary or desired in all cases. In certain embodiments, the -2 mutein fusion protein (e.g..
an {L-2 partial agonist or antagonist as described herein) inchudes an 1gGl 1gG2, 1gG3, or
Is(G4 Fe region. Exemplary Fc regions can include a mutation that inhibits complement
fixation and Fc receptor binding, or it may be lytic, 1.e., able to bind complement or to lvse

cells via another mechanism such as antibody-dependent complement lysis (ADCC).

In some embodiments, the ILZ mutein comprises a functional domain of an Fe-fusion
chimeric polypeptide molecule. Fo fusion comjugates have been shown to increase the
systemic half-life of biopharmaceuticals, and thus the biopharmaceutical product can require
tess frequent adminisiration. Fc binds to the neonatal Fc receptor (FeRaj) in endothelial cells
that line the blood vessels, and, upon binding, the F¢ fusion molecule is protected from
degradation and re-released juto the circulation, keeping the molecule 1o circulation longer.
This Fc binding is believed to be the mechanism by which endogenous IgG retains its long
plasma half-life. More recent Fo-fusion technology links a single copy of a biopharmaceutical
to the Fe region of an antibody 1o optimize the pharmacokinetic and pharmacodynamic
properties of the biopharmaceutical as compared fo traditional Fe-fusion conjugates. The "Fe
region” useful in the preparation of Fc fusions can be a naturally occouwrring or synthetic
polypeptide that is homologous to an IgG C-terminal domain produced by digestion of 1gG
with papamn. IgG Fe has a molecular weight of approxamately 50 kDa. The 1L2 nwteins may
provide the entire Fe region, or a smaller portion that retains the ability to extend the
circufating half- life of a chimeric polypeptide of which it is a part. In addition, full-length or
fragmented Fc regions can be variants of the wild tvpe molecule. In a typical presentation,
each monomer of the dimeric Fo carries a heterologous polvpeptide, the heteroclogous
polypeptides being the same or different.

In some embodiments, when the IL2 mutein is to be admunistered in the format of an
Fe fusion, particularly in those situations when the polypeptide chains conjugated to each

subunit of the Fc dimer are different, the Fc fusion may be engineered to possess a “knob-
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into-hole modification.” The knob-into-hole modification is more fully described in
Ridgway, et al. (1996) Protein Engineering H7):617-621 and United States Patent No.
5,731,168, issued March 24, 1998, The knob-into-hole modification refers to a modification
at the interface between two immunoglobulin heavy chains in the CH3 domain, wherein: i} in
a CH3 domain of a {irst heavy chain, an amino acid restdue is replaced with an amino acid
residue having a larger side chain {e.g tyrosine or tryptophan) creating a projection from the
surface (“knob™) and 11} in the CH3 domain of a second heavy chain, an aming acid residue is
replaced with an amino acid residue having a smaller side chain {e.g. alanine or threonine),
thereby generating a cavity (“hole”) within at interface in the second CH3 domain within
which the protruding side chain of the first CH3 domain (“knob™) is received by the cavity in
the second CH3 domain. In one embodiment, the “knob-into-hole modification”™ comprises
the amino acid substitution T366W and optionally the amuno acid substitution 8354C in one
of the antibody heavy chaing, and the amino acid substitutions T3668, L3684, Y407V and
opticnally Y 349C 1n the other one of the antibody heavy chans. Furthermore, the Fe domains
may be modified by the introduction of cysteine residues at positions S354 and Y349 which
results in a stabilizing disulfide bridge between the two antibody heavy chains 1o the Fe
region {Carter, et al. (2001} Imnwnol Methods 248, 7-15}). The knob-into-hole format is used
to factlitate the expression of a first polypeptide (e.g. an IL2 nuiein) on a first Fc monomer
with a “knob” modification and a second polypeptide on the second Fe monomer possessing

a “hole” modification to factlitate the expression of heterodimeric polvpeptide conjugates.

The Fc region can be "lytic” or "non-Ivtic,” but is typically non-lytic. A non-lytic Fe
region typically lacks a high affinity Fc receptor binding site and a Clg binding site. The high
affinity Fe recepior binding site of murine IgG Fo includes the Leu residue at position 235 of
IgG Fe. Thus, the Fe receptor binding site can be inhubited by routating or deleting Leu 235,
For example, substitution of Glu for Leu 235 inhibits the ability of the F¢ region 1o bind the
high affinity Fc receptor. The murine Clg binding site can be functionally destroyed by
mutating or deleting the Ghu 318, Lys 320, and Lys 322 residues of IgG. For example,
substitution of Ala residues for Glu 318, Lys 320, and Lys 322 renders 1g(G1 Fc unable to
direct antibody-dependent complement lysis. In contrast, a ivtic IgG Fc region has a high
affimiy Fe receplor binding site and a Clg binding site. The high affinity Fe receptor binding
site includes the Leu residue at position 235 of IgG Fe, and the Clg binding site includes the

Glu 318, Lys 320, and Lys 322 residues of I2G 1. Lytic Ig(G Fc has wild type residues or
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conservative aming acid substitutions at these sites. Lytic IgG Fc can target cells for antibody
dependent cellular cytotosicity or complement directed cviolysis (CDC). Appropriate
mtations for human Ig( are also known (see, e.g., Morrison et al., The Immunologist 2:119-

124, 1994 and Brekke et al, The Immunologist 2: 125, 1994).

5 In certain embodiments, the amino- or carboxyl- terminus of an 1L2 mutein of the
present disclosure can be fused with an wwounoglobulin Fe region {e.g., human Fe) to form a
fuston conjugate {or fusion molecule}. Fc fusion conjugates have been shown 1o increase the
systemic half-life of biopharmaceuticals, and thus the biopharmaceutical product can require
tess frequent administration. Fe binds to the neonatal Fc receptor (FeRn) in endothelial cells

10 that line the blood vessels, and, upon binding, the F¢ fusion molecule is protected from

degradation and re-released into the circulation, keeping the molecule in circulation longer.
This Fc binding is believed to be the mechanism by which endogencus Ig( retains its long
plasma half-hife. More recent Fe-fusion technology hinks a single copy of a
biopharmaceutical to the F¢ region of an antibody to optinuze the pharmacokinetic and

1§ pharmacodynamic properties of the biopharmaceutical as compared fo fraditional Fe-fusion

conjugates.

in soroe embodiments, the Fe domain movomer comprises at least one mutation
relative to a wild-type human IgG1, 1gG2. or Ig(G4 Fc region as described in United States

Patent No. US10259859B2, the entire teaching of which is herein incorporated by reference.

20 As disclosed therein, the Fo domain monomer comprises:

{a} ove of the following amino acid substitutions relative to wild type human IgGl:
T366W, T3668, L368A, Y407V, T366Y, T304W, F405W, Y349T, Y349E, Y349V,
L3517, L351H, L351IN, L351K, P333§, $354D, D356K, D3S6R, D3568, E357K,
E3587R, E357Q, §364A, T366E, L3687, L368Y, L368E, K370E, K370D, K370(,
25 K392E, K392, T394N, P30SN, P306T, V3IUTT, V397Q, L398T, D399K, D3VIR,
D399N, F405T, FA405H, F405R, Y4077, Y407H, Y4071, K409E, K409D, K409T, or
K4091;

ar
(b} (i} a N297A nmutation relative to a human IgGl Fe region;

30 (i) a L2344, L2354, and G237 A mutation relative to a human IgGl Fe region;

2
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{(iti} a L234A, L235A, G237A, and N297 A muiation relative to a human [gGl Fo
region,
(iv) a N297 A nuwtation relative to a buman 12G2 Fe reglon
(v} a A3308 and P3318 mutation relative to a human 1gG2 Fe region;
5 (vi) a A3308, P3318S, and N297 A mustation relative to a human [gG2 Fc region;
(vii}a S228P, E233P, F234V, L235A, and del(3236 nuiiation relative to a human
124 Fo region; or
(vii1) a S228P, B233P, F234V, L2334, delG236, and N297A rowation relative to a
human 1gG4 Fc region.
10 In some embodiments, the Fc¢ domain monomer comprises:
{a} one of the following amino acid substitutions relative t¢ wild tvpe human IgGl:
T3I66W, T366S, L36RA, Y407V, T366Y, T394W, F405W, Y3497, Y349E,
Y349V, L35 IT L351H, L351IN, L351K. P3338, 83540, D356K., D356R, 3568,
E357K, E357R, E357Q, 8364A, T366E, L368T, L368Y, L368E, K370E, K370D,
13 K370, K392E, K392D, T394N, P393N, P396T, V397T, V397, L398T,
D3OVEK, D399R, D3YYN, F405T, F405H, F40SR, Y4077, Y407H, Y4071, K40VE,
K409D, K409T, or K4091:
and
{b) the F¢ domain monomer further comprises
20 (1) a N297A muiation relative to a human IgGl Fe region;
(1) aL234A, L2354, and G237A mutation relative o a human IgGl Fe
region;
{11} a L234A, L235A, G237A, and N297A mutation relative {o a human IoGl
Fe region;

(ivy a N297A mutation relative to a human 1gG2 Fe region;

N>
W

{(v)a A3308 and P331S mutation relative to a human Ig(G2 Fe region;

(vi)a A3308, P3318, and N297 A mutation relative to a human 1gG2 Fe

region;
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(vii} a S228P, E233P, F234V, L235A, and delG236 mutation relative to a

human g4 Fe region; or

{viil} a S228P, E233P, F234V, L2354, delG236, and N297 A mutation relative

to a human 1g(G4 Fc region.

In some embodiments, the polypeptide exhibits a reduction of phagocvtosis in a
phagocytosis assay compared 1o a polvpeptide with a wild-type human 1gG Feregion. In
some embodiments, the F¢ domain monomer is hinked 1o a second polypeptide comprising a

second Fe domain monomer to form an Fc domain dimer.
Chimeric Polypeptides/Fusion Proteins

In some embodiments, embodiment, the [L2 mudein ray comprise a functional
domain of a chimeric polvpeptide. 1L2 mutein fusion proteins of the present disclosure may
be readily produced by recombinant DNA methodology by techniques known in the art by
constructing a recombinant vector comprising a nucleic acid sequence comprising a nucleic
acid sequence encoding the IL2 mutein in frame with a nucleic acid sequence encoding the
fusion partner either at the N-terminus or C-ternunus of the 112 mutein, the sequence
optionally further comprising a nucleic acid sequence in frame encoding a linker or spacer

polypeptide.

In some embodiments, the TL2 muiein i3 conjugated {either chemucally or as a fusion
protein n the case of polvpeptide agents such as antibodies or vaccines) (o an additional
chemical or biological agent including therapeutic compounds such as anti-inflammatory,
antirnicrobial, or antiviral compounds or other agents useful n the treatment of autoimmune
disease including biologics (e.g. entaracept), movoclonal antibodies. Anti~microbial agents
include aminoglycosides including gentamucin, antiviral compounds such as rifampicin, 3'
arido-3'-deoxythymidine {AZT) and acylovir, antifungal agents such as arzoles including
fluconazole, plyre macrolides such as amphotericin B, and candicidin, anti-parasitic
compounds such as antimonials, and the hike. The 1.2 mutetn roay be coryugated to
additional cytokines as CSF, GSF, GMCSF, TNF, erythropoietin, imnumomodulators or
cytokines such as the interferons or interleukins, a neuropeptide, reproductive hormones such
as HGH, FSH, or LH, thyroid hormone, neurotransmitters such as acetvicholine, hormone
receptors such as the estrogen receptor. Also included are non-steroidal anti-inflammatories

such as mdomethacin, salicylic acid acetate, thuprofen, sulindac, piroxicam, and naproxen,
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and anesthetics or analgesics. Also included are radioisotopes such as those useful for

tmaging as well as for therapy.

The {L.-2 mutein also may be conjugated to corticosteroids (ncluding but not hinuted
to prednisone, budesonide, prednilisone), Janus kinase inhibitors (including but not limited to
tofacttinib (Xeljanz®), calcineurin inhibitors (including bt not limited to cyclosporine and
tacrolimus), mTor inhubitors (including but not hinuted to sirolimus and everclimaus), IMDH
inhibitors (inchuding but not limited to azathioprine, leflunomide and mycophenolate). The
IL-2 mutein also may be conjugated to biologics such as abatcept (Orencia®) or etanercept
(Enbrel®). The 1L-2 mutein also may be conjugated to and therapeutic antibodies such as
anti-CD25 antibodies (e g daclizumab and basiliximab), anti-VL A-~4 antibodies {e.g.
natalizumab), anti-CD52 antibodies (e.g. alemtuzumab), anti-CD20 antibodies {e.g.
rituximab, ocrelizumab), anti-TNF antibodies {e.g. infliximab, and adalimumab), anti-IL-6R
antibodies {e.g. tocilizumab), anti-TNFu antibodies {e.g. adalimumab (Humira®},
golimumab, and mfliximab), anti-integrin-a4f7 antibodies (e.g. vedolizumab), anti-iL-17a
antibodies {e.g. brodalumab or secukinumab}, anti-1L-4Rg antibodies {e.g. dupilumaly), anti-
RANKL {e.g.), antibodies 1L-6R antibodies, anti-IL-18 antibodies {e.g. canakinumab), anti-
CD1la antibodies {e.g. efalizumab), anti-CD3 antibodies {e.g. nuramonab), anti-IL3
anttbodies {(e.g. mepolizumab, reslizumab), anti-BLyS antibodies {e.g. belimumab); and anti-

[L-12 / IL-23 antibodies (e.g ustekinumab}.

The -2 mutein also may be conjugaied to such as HSV vaccines, Bordetella
pertussis, Escherichia colt vaceines, pneumococcal vaccines including multivalent
preumococcal vaccines such as Prevoar® 13, diptheria toxoid, tetanus toxord and pertussis
vaccines {including combination vaccines such as Pediatrix®) and Pentacel®), varicella
vaccines, Haemophilus influenzae type B (HIB) vaccines, human papilloma virus (HPV)
vaccines such as Garasil®, polio vaccines, Leptospirosis vaccines, combination respiratory
vaccine , Moraxella vaccines, and attenuated live or killed virus products such as bovine
respiratory disease vaccing (RSV), human influenza vaccines such as Fluzone® and
Quadravient Fluzone®), feline leukemia vaccine, fransnussible gastroenteritts vaceme, and

rabies vaccine.

The IL2 nuteins of the present disclosure may be chemically conjugated to such
additional agents using well known chemical conjugation methods. Bi-functional crogs-
tinking reagents such as homofunctional and heterofunctional cross-linking reagernds well
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known in the art can be used for this purpose. The type of cross-linking reagent to use
depends on the nature of the molecule to be coupled to 1L-2 mutein and can readily be
identified by those skilled in the art. Alternatively, or in addition, the IL2 mutein and/or the
molecule to which it is intended to be conjugated may be chemically derivatized such that the

two can be conjugated in 3 separate reaction as ig also well known in the art.
Flag Tags

In other embodiments, the 112 mutein can be modified to include an additional
polypeptide sequence that functions as an antigenic tag, such as a FLAG sequence. FLAG
sequences are recognized by biotinyviated, highly specific, anti-FLAG antibodies, as described
herein (see e.g., Blanar et al. {1992) Science 256:1014 and LeClair, et al. (1992) PNAS-USA
§9:8145). In some embodiments, the 112 mutein polypeptide further comprises a C-termunal

c-my ¢ epitope tag.
His Tags

In some embodiment, the IL2 muieins (including fusion proteins of such L2 muieins)
of the present invention are expressed as a fusion protein with one or more transition metal
chelating polypeptide sequences. The incorporation of such a transition metal chelating
domain facilitates purification immobilized metal affimity chromatography (IMAC) as
described in Smith, et al. United States Patent No. 4,569,794 issued February 11, 1986,
Examples of transition metal chelating polypeptides useful in the practice of the present
invention are described in Smith, et al. supra and Diobeli, of al. United States Patent No.
5,320,663 issued May 10, 1993, the entire teachings of which are hereby incorporated by
reference.  Particular transition retal chelating polypeptides useful i the practice of the
present invention are peptides comprising 3-6 contiguous histidine residues such as a six-

histidine peptide {His)e and are {requently referred to in the art as “His-{ags.”
Targeting Moielies:

in sore embodiments, the IL2 muiein 15 provided as a fusion protein with a
polypeptide sequence (“targeting domain™) to facilitate selective binding to particular celi
tvpe or tissue expressing a cell surface molecule that specifically binds to such targeting
domain. In some embodiments, the targeting domain is an antibody (in particular a single

domain antibody, scFv or VHH) or hgand that specifically binds to the surface protein of &
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protein selected from the group consisting of BLyS, CD1la, CD20, CD23, CD3, (D352 IgEIL-
12/11-23, 1L-17a, 1L-18, IL-4Raq, IL-3, IL-6R, integrin-a4B7, RANKL, TNFa, VEGF-A, VLA-4,

Preparation of 1L2 muteins

U

The IL2 muteins may be produced by conventional methodology for the construction

of polypeptides including recorbinant or solid phase svntheses.
Chemical Synthesis:

in addition to generating mutant polypeptides via expression of nucleic acid
molecules that have been altered by recombinant molecular biological techniques, subject IL-

10 2 muteins can be chemically synthesized. Chemically synthesized poly peptides are routinely
generated by those of skill in the art. Chemical synthesis includes direct synthesis of a peptide
by chemical means of the protein sequence encoding for an IL-2 mutein exhibiting the
properties described. This method can incorporate both natural and unnatoral amine acids at
positions that affect the interactions of 1L.2 with CD2S, CD122 and, CD132,

15 In some embodiments, the IL2 muteins of the present disclosure may be prepared by
chemical synthesis. The chemical synthesis of the IL2 muteins of may proceed via liguid-
phase or solid-phase. Solid-phase peptide svnthesiz (SPPS) allows the incorporation of
unnatural amino acids and/or peptide/protein backbone modification. Various forms of SPPS
are available for synthesizing 112 muteins of the present disclosure are known inthe art (e g,

20 Ganesan A, {2006) Mini Rev. Med. Chem. 6:3-10; and Camarero et al., (2005) Protein Pept

et 12:723-8). In the course of chemical synthests, the alpha functions and any reactive side
chains may protected with acid-labile or base-iabile groups that are stable under the
conditions for linking amide bonds but can readily be cleaved withowt impairing the peptide
chain that has formed.

25 in the solid phase svnthesis, either the N-termuinal or C-terminal anuno acid mav be
coupled to a suitable support material. Suitable support materials are those which are mert
towards the reagents and reaction conditions for the siepwise condensation and cleavage
reactions of the synthesis process and which do not disselve in the reaction media being used.

Examples of commercially available support materials include styrene/divinvibenzene

(o8]
<

copolvmers which have been modified with reactive groups and/or polyethviene glveol;

chloromethylated styrene/divinylbenzene copolymers; hydroxymethylated or
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aminomethylated styrene/divinylbenzene copolymers; and the like. The successive coupling
of the protected amino acids can be carried out according to conventional methods in peptide
syrthests, typically in an automated peptide synthesizer.

At the end of the solid phase synthesis, the peptide is cleaved from the support
material while stmulianeously cleaving the side chain protecting groups. The peptide
obtained can be purified by various chromatographic methods including but not limited to
hydrophobic adsorption chromatography, ion exchange chromatography, distribution

chromatography, high pressure liquid chromatography (HPLC) and reversed-phase HPLC.

Recombinanr Production:

Alternatively, the 1L2 muteins of the present disclosure are produced by recombinant
DNA technology. In the typical practice of recombinant production of polvpeptides, a
nucleic acid sequence encoding the desired polypeptide is incorporated inio an expression
vector suitable for the host cell in which expression will be accomplish, the nucleic acid
sequence being operably linked fo one or more expression conirol sequences encoding by the
vector and functional in the target bost cell. The recombinant protein may be recovered
through disruption of the host cell or from the cell medium if a secretion leader sequence
{signal peptide) is incorporated into the polypeptide. The recombinant protein may be
purified and concentrated for further use including incorporation. The process for the
recombinant production of IL2 polypeptides is known in the art and described in Fernandes
and Taforo, United States Patent No. 4,604,377 issued August 5, 1986 and L2 muteins in
Mark, et al United States Patent no 4,512,584 issued May 21, 1985, Gillis, United States
Paten No 4,401,756 1ssued August 30, 1983 the entire teachings of which are herein

neorporated by reference.

Construction of Nucleic Acid Sequences Encoding the 112 Mutein

in some embodiments, the IL2 mutein is produced by recombinant methods using a
nucletc acid sequence encoding the L2 mutein {or fusion protein comprising the IL2 mutein).
The nucleic acid sequence encoding the desired 11L.-2 mutein can alternatively be synthesized

by chemical means using an oligonucleotide svnthesizer.
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The nucleic acid molecules are not limited to sequences that encode polypeptides;
some or all of the non-coding sequences that hie upstream or downstream from a coding
sequence {e.g., the coding sequence of IL-2) can also be included. Those of ordinary skill in
the art of molecular biology are familiar with routine procedures for isolating nucleic acid
molecules. They can, for example, be generated by treatmuent of genomic DNA with
restriction endonucleases, or by performance of the polymerase chaio reaction (PCR). In the
event the nucleic acid molecule is a ribonucleic acid (RNA), molecules can be produced. for
example, by in vitro franscription.

The nucleic acid molecules encoding the TL2 mutein {and fusions thereof) may
contain naturally occurring sequences or sequences that differ from those that occur naturally,
but, due to the degeneracy of the genetic code, encode the same polypeptide. These nucleic
acid molecules can consist of RNA or DNA (for example, genomic DNA, cDNA, or
svithetic DNA, such as that produced by phosphoramidite-based synthesis), or combinations
or modifications of the nucleotides within these tvpes of nucleic acids. In addition, the
nucleic acid molecules can be double-stranded or single-stranded (1.e, either a sense or an
antisense strand).

Nucleic acid sequences encoding the 112 mutein may be obtamed from various
commercial sources that provide custom made nucleic acid sequences. Aming acid sequence
variants of the IL2 polypeptides to the produce the IL2 muteins of the present disclosure are
prepared by infroducing appropriate nucleotide changes into the coding sequence based on
the genetic code which is well known in the art. Such variants represent insertions,
substitutions, and/or specified deletions of, residues as noted. Any combination of msertion,
substitution, and/or specified deletion is made to arrive at the final construct, provided that

the fival construct possesses the desired biological activity as defined herein

Methods for constructing a DNA sequence encoding the IL-2 mwuteins and expressing
those sequences in a suitably transformed host include, but are not limited to, using a PCR~
assisted mutagenesis technigue. Mutations that consist of deletions or additions of amino acid
residues to an {L-2 polypeptide can also be made with standard recombinant techniques. In
the event of a deletion or addition, the nucleic acid molecule encoding IL-2 is optionally
digested with an appropriate restriction endonuclease. The resulting fragment can either be
expressed directly or manipulated further by, for example, ligating it to a second fragment.

The higation may be facilitated if the two ends of the nucleic acid molecules contain

fop
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complementary nucleotides that overlap one another, but blunt-ended fragments can also be
ligated. PCR-generated nucleic acids can also be used to generate vanous mutant sequences.

An 112 mutein of the present disclosure may be produced recombinantly not only
directly, but also as a fusion polypeptide with a heterologous polypeptide, e.g. asignal
sequence or other polypeptide having a specific cleavage site at the N-termunus or C-lerminus
of the mature 112 mutein. In general, the signal sequence may be a component of the vector,
or it may be a part of the coding sequence that is inserted into the vector. The heterologous
signal sequence selected preferably is one that is recognized and processed (i.e., cleaved by a
signal peptidase) by the host cell. In some ernbodiments, the signal sequence is the signal
sequence that 1s nagively associated with the 1L2 mutein (i.e. the human IL2 signal sequence).
The mclusion of a signal sequence depends on whether it is desired to secrete the IL-2 mmitein
from the recombinant cells in which it is made. If the chosen cells are prokaryolic, it
generally is preferred that the DNA sequence not encode a signal sequence. If the chosen
cells are eukaryotic, it generally is preferred that a signal sequence be encoded and most
preferably that the wild tvpe 1L-2 signal sequence be used. Alternatively, heterologous
mammalian sigual sequences may be suttable, such as signal sequences from secreted
polypeptides of the same or related species. as well as viral secretory leaders, for example,
the herpes simplex gD signal. When the recombinant host cell is a yeast cell such as
Saccharomy ces cerevisiae, the alpha mating factor secretion signal sequence may be
eraploved to achieve extracellular secretion of the L2 routein nto the culture medium as
described in Singh, United States Patent No. 7,198 919 Bl 1ssued Aprid 3, 2007,

In the event the IL2 mustein to be expressed is 1o be expressed as a chimera{e.g., a
fuston protein comprising an L2 mutein and a heterologous polypeptide sequence), the
chimeric protein can be encoded by a hybrid nucleic acid molecule comprising a first
sequence that encodes all or part of the IL-2 mutein and a second sequence that encodes all or
part of the heterologous polypeptide. For example, subject 1L-2 muteins described herein may
be fused to a hexa-histidine tag to facilitate punification of bactenally expressed protein, or to
a hamagglutinin tag to facilitate purification of protein exprassed in eukaryotic cells. By first
and second, 1t should not be understood as limiting to the orientation of the elements of the
fusion protein and a heterologous polypeptide can be linked at either the N-terminus and/or
C-tervoinus of the 1.2 mutein. For exarople, the N-terminus may be hnked to a targeting

domain and the C-terminus linked to a hexa-histidine tag purification handle.
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The complete amino acid sequence of the polvpeptide (or fusion/chimera) to be
expressed can be used to construct a back-translated gene. A DNA oligomer containing a
nucleotide sequence coding for 1L-2 mutein can be synthesized. For example, several small
oligonuclectides coding for portions of the desired polypeptide can be synthesized and then
Ligated. The individual oligonucleotides typically contain 5' or 3' overhangs for

complementary assembly.

Codon Optimization:

in some embodiments, the nucleic acid sequence encoding the 112 mutein may be “codon
optimized” {o faciliiate expression in a particular host cell type. Techniques for codon
optimnization in a wide variety of expression systems, including roammalian, veast and
bacterial host cells, are well known in the and there are online tools to provide for a codon
optimized sequences for expression in a vanety of host cell types. See e.g. Hawash, et al

{2017 9:46-53 and Mauro and Chappell in Recorpbinant Protein Expression in Mamuualian

Cells: Methods and Protocols. edited by David Hacker (Human Press New York).

Additionally, there are a variety of web based on-line software packages that are freely

available (o assist in the preparation of codon optimized nucleic acid sequences.

Construction of Expression Vectors:

Once assembled (by synthesis, site-directed mutagenesis or another method), the
nucleic acid sequence encoding an IL-2 moutein will be mserted imto an expression vector. A
variety of expression vectors for uses in various host cells are available and are typically
selected based on the host cell for expression. An expression vecior typically includes, but is
not limited to, one or more of the following: an origin of replication, one or more marker
genes, an enhancer element, a promoter, and a transcription termination sequence. Veclors
nclude viral vectors, plasmmd vectors, integrating vectors, and the like. Plasrods are
examples of non-viral vectors.

To facilitate efficient expression of the recombinant polypeptide, the nucleic acid
sequence encoding the polypeptide sequence to be expressed is operably hinked (o
transcriptional and translational regulatory control sequences that are funictional in the chosen

expression host.
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Selectable Marker:

Expression vectors usually contain a selection gene, also termed a selectable marker.
This gene encodes a protein necessary for the survival or growth of transformed host cells
grown in a selective cultire medium. Host cells not transformed with the vector containing
the selection gene will not survive in the culture medium. Typical selection genes encode
proteins that (a) confer resistance to antibiotics or other toxins, e.g., ampicilhin, neomycin,
methotrexate, or tetracycline, (b} complement auxotrophic deficiencies, or () supply critical

nutrients not avaldable from complex media.

Regulatory Control Sequences:

Expression vectors for IL2 muteins of the present disclosure contain a regulatory
sequence that is recognized by the host organism and is operably linked to nucleic acid
sequence encoding the 1L2 mutein. The terms “regulatory control sequence,” “regulatory
sequence” or “expression control sequence” are used interchangeably herein to refer to
promoters, enhancers, and other expression control elements {e.g.. polvadenylation signals).
See, for example, Goeddel (1990) 1 Gene Expression Technology: Methods in Enzymology
185 (Academic Press, San Diego CA USA Regulatory sequences include those that direct
constitute expression of a nucleotide sequence in many types of host cells and those that
direct expression of the nucleotide sequence only in certain host cells (e g., tissug-specific
regulatory sequences). It will be appreciated by those skilled in the art that the design of the
expression vector can depend on such factors as the choice of the host cell to be fransformed,
the level of expression of protein desired, and the like. In selecting an expression control
sequence, a vanety of factors undersiood by one of skill in the art are to be considered. These
melude, for example, the relative strength of the sequence, 1is controllability, and its
compatibility with the actual DNA sequence encoding the subject IL-2 mutein, particularly as

regards potential secondary structures.

FPromoters:
in some embodiments, the regulatory sequence i1s a promoter, which is selected based

on, for example, the cell type in which expression is sonught. Promoters are untranslated
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sequences focated upsiream (5') to the start codon of a structural gene (generally within about
100 to 1000 bp) that control the transcription and translation of particular nucleic acid
sequence to which they are operably linked. Such promoters typically fall into two classes,
inducible and constitutive. Inducible promoters are promoters that initiate increased levels of
transcription from DNA under their control in response to some change in culture conditions,
e.g., the presence or absence of a nutrient or a change in teraperature. A large nurnber of
promoters recognized by a variety of potential host cells are well known.

A T7 promoter can be used in bacteria, a polyhedrin promoter can be used in insect
cells, and a cytomegalovirus or metallothionein promoter can be used in mammalian cells.
Also, in the case of higher eukaryotes, tissue-specific and cell tvpe-specific promoters are
widely available. These promoters are so named for their ability to direct expression of a
nucleic acid moolecule in a given tssue or cell type within the body. Skilled artisans are well
aware of numerous promoters and other regulatory elements which can be used to direct

expression of nucleic acids.

Transcription from vectors in mammalian host cells may be controlied, for example,
by promoters obtained from the genomes of viruses such as polvoma virus, fowlpox virus,
adenovirus (such as human adenovirus serotype 3), bovine papilloma virus, avian sarcoma
virus, cytomegalovirus, a retrovirus (such as murine stem cell virus), hepatitis-B virus and
maost preferably Simian Virus 40 (8V40}, from heterologous mammalian promoters, e.g., the
actin promoter, PGK (phosphoglycerate kinase}, or an invmmoglobulin promoter, from heat-
shock promoters, provided such promoters are compatible with the host cell systems. The
garly and late promoters of the SV40 virus are conveniently obtained as an SV40 restriction

fragment that also contains the SV40 viral origin of replication.

Enhancers:

Transcription by higher eukarvotes is often increased by inserting an enhancer
sequence into the vector. Enhancers are cis-acting elements of DNAS usually about from 10
1o 300 bp, which act on a prowoter 1o increase Hs transcription. Enhancers are relatively
orientation and position independent, having been found 3" and 3" o the transcription unit,
within an intron, as well as within the coding sequence itself. Many enhancer sequences are

now known from marmmalian genes (globin, elastase, albumin, alpha-fetoprotein, and
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insulin}. Typically, however, one will use an enhancer from a eukarvotic cell virus.
Examples include the SV40 enhancer on the late side of the replication origin, the
cvtomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the
replication origin, and adenovirus enhancers. The enhancer may be spliced into the
expression vector al a posttion 5 or 3' {o the coding sequence but is preferably located at a
site 8" from the promoter. Expression vectors used in eukaryotic host cells will also contain
sequences necessary for the termination of transcription and for stabilizing the mRNA. Such
sequences are commonly avatlable from the 3' and, occasionally 3', untransiated regions of
eukaryotic or viral DNAs or cDNAs. Construction of suitable vectors containing one or more

of the above-listed components employs standard techniques.

in addition to sequences that facilitate transcription of the inserted nucleic acid
maolecule, vectors can contain origing of replication, and other genes that encode a selectable
marker. For example, the neomycin-resistance (neoR} gene imparts G418 resistance o cells
in which it is expressed, and thus permits phenotypic selection of the transfected cells.
Additional examples of marker or reporter genes include beta-lactamase, chioramphenicol
acetyltransferase (CAT), adenosine deaminase {ADA), dibydrofolate reductase (BHFR),
by gronw cin-B-phosphotransferase (HPH), thyroidine kinase (TK), lacZ {encoding beta-
galactosidase), and xanthine guanine phosphoribosyhransferase (XGPRT). Those of skill in
the art can readify determine whether a given regulatory element or selectable marker is
suitable for use in a particolar experimental context.

Proper assembly of the expression vector can be confirmed by nucleotide sequencing,

restriciion mapping, and expression of a biologically active polypeptide in a suitable host.

Host Cells:

The present disclosure further provides prokaryotic or eukarvotic cells that contain
and express a nucleic acid molecule that encodes a 1L-2 mutein. A cell of the present
disclosure is a transfected celi, i.e., a cell into which a nuclei¢ acid molecule, for example a
nucletc acid molecule encoding a mutant 1L-2 polypeptide, has been introduced by means of
recombinant DNA techmiques. The progeny of such a cell are also considered within the

scope of the present disclosure.
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Host cells are typically selected i accordance with their compatibility with the
chosen expression vector, the toxicity of the product coded for by the DNA sequences of this
invention, their secretion characteristics, their ability to fold the polypeptides correcily, their

fermentation or culture requirements, and the ease of purification of the products coded for

(2

by the DNA sequences. Suitable host celle for clonming or expressing the DNA in the veciors
herein are the prokarvote, veast, or higher eukarvote cells.
in some embodiments the recombinant IL.-2 mmteins or biclogically active variants
thereof ¢can also be made in eukarvotes, such as veast or human cells. Switable eukaryotic host
cells mclude insect cells (examples of Baculovirus vectors available for expression of
10 proteins in cultured msect cells {e.g., $19 cells) include the pAc series (Snuth et al. (1983)
Mol Cell Biol. 3:2156-2165) and the pVL series (Lucklow and Summers {1989} Virology
170:31-39)); veast cells {examples of veciors for expression in veast 8. cerenvisiae imchude
pYepSecl (Baldari et al. (1987) EMBO J. 6:229-234), pMFa (Kurjan and Herskowitz (1982)
Cell 30:933-943), pJRYE8 (Schultz et al. {1987) Gene 54:113-123), pYES2 (Invitrogen
15 Corporation, San Diego, Calif ), and pPicZ {Invitrogen Corporation, San Diego, Calif)); or
maromalian cells {mamroalian expression vectors include pCDMS (Seed (1987) Nature
329:840) and pMT2PC (Kaufman et al. (1987} EMBO J. 6:187:195}).
Examples of useful mammalian host cell lines are mouse L cells {(L-M|TK-],
ATCCHCRL-2648), monkey kidney CV1 hine transformed by SV40 (COS-7, ATCC CRL
20 1651); human embryonic Kidney line (HEK293 or HEK293 cells subcloned for growth in
suspension culture; baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster
ovary cells/-DHFR (CHO); mouse sertoli cells (TM4); monkey kidney cells ((VI ATCC
CCL 70); African green monkey kidney cells (VERG-76, ATCC CRL-1 587}, human
cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL
343, buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells {(W138, ATCC

b2
W

CCL 75); buman liver cells (Hep G2, HB 3063); mouse mammary tumor (MMT 060362,
ATCC CCL51);, TRI celis; MRC S cells; FS4 cells; and a human hepatoma line (Hep G2). In
mammalian cells, the expression vector's control functions are often provided by viral
regulatory elements. For example, commonly used promoters are derived from polyoma,
30 Adenovirus 2, cvtomegalovirus, and Stmian Virus 40.

The {L.-2 mutein can be produced in a prokaryotic host, such as the bacteriom E. coli,
or in a eukarvotic host, such as an insect cell {e.g., an 521 celly, or mammalian cells (e g.,
COS cells, NIF 373 cells, or HeLa cells). These cells are available from many sources,

72
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including the American Type Culture Collection {(Manassas, Va ). In selecting an expression
system, i matiers only that the cornponents are compatible with one another. Artisans or
ordinary skill are able to make such a determination. Furthermore, if guidance is requured in
selecting an expression system, skilled artisans may consult Ausubel et al. (Current Protocols
in Molecular Biology, John Wiley and Sons, New York, N.Y ., 1993} and Pouwels et al.
{Cloning Vectors: A Laboratory Marmual, 1985 Suppl. 1987},

in some embodiments, HL-2 muteins obtained will be glycosylated or unglycosylated
depending on the host organism used {o produce the mutein. If bacteria are chosen as the host
then the IL-2 mutein produced will be unglycosviated. Eukaryotic cells, on the other hand,
will glvcosylate the IL-2 muteins, although perhaps not in the same way as native-IL-2 i3
glyeosylated.

For other additional expression systems for both prokaryotic and enkaryotic cells, see
Chapters 16 and 17 of Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual (2nd
ed., Cold Spring Harbor Laboratory Press, Plamview, N.Y.}. See, Goeddel {1990} in Gene

Expression Technology: Methods in Enrymology 185 {Academic Press, San Diego, Califl).

The expression constructs of the can be introduced into host cells to thereby produce
the 1L-2 muteins disclosed herein or to produce biologically active muteins thereof. Vector
DNA can be introduced into prokaryotic or eukaryotic eells via conventional transformation
or transfection techniques. Suitable methods for transforming or transfecting host cells can be
found in Sambrook et al. {1989} Molecular Cloning: A Laboratory Manual (2d ed., Cold
Spring Harbor Laboratory Press, Plainview, N.Y.) and other standard molecular biology

laboratory manuals.

in order to facilitate transfection of the target cells, the target cell may be exposed
directly with the non-viral vector may under conditions that facilitate uptake of the non-viral
vector. Examples of conditions which facilitate uptake of foreign nucleic acid by mammalian
cells are well known 1o the art and include but are not limited to chenmcal means {such as

Lipofectamine®, Thermo-Fisher Scientific), high salt, and magnetic fields {eleciroporation).
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Cell Culture:

Cells may be cultured in conventional nutrient media modified as appropriate for
inducing promoters, selecting transformants, or aroplifying the genes encoding the desired
sequences. Maramalian host cells may be cultured in a variety of media. Commercially
available media such as Ham's F10 (Sigma), Minimal Essential Medium ((MEM)}, Sigma),
RPMI 1640 (Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) are
suttable for culturing the host cells. Any of these media may be supplemented as necessary
with hormones and/or other growth factors (such as insulin, transferrin, or epidermal growth
factor), salts {such as sodium chioride, calcium, magnesium, and phosphate}, buffers {such as
HEPES), nucleosides (such as adenosine and thyoudine), antibiotics, frace elements, and
glucose or an equivalent energy source. Any other necessary supplements may also be
inchaded af appropriate concentrations that would be known 1o those skilled in the art. The
culture conditions, such as temperature, pH and the like, are those previously used with the

host cell selected for expression and will be apparent to the ordinarily skilled artisan.

Recovery of Recombinant Profeins:

Recombinantly produced IL2 mutein polypeptides can be recovered from the culture
mediam as a secreted polypeptide if a secretion leader sequence 15 emploved. Aliernatively,
the IL2 nwtein polypeptides can also be recovered from host cell lysates. A protease
inhibitor, such as phenyl methyl sulfonyi fluoride (PMSF} may be emploved during the
recovery phase from cell lvsates to inhibit proteolvtic degradation during purification, and

antibiotics may be included to prevent the growth of adventifious contaminants.

Purification:

Various purification steps are known in the art and find use, e.g. affinity
chromaiography. Affinity chromatography makes use of the lighly specific binding sttes
usually present in biological macromolecules, separating molecules on their ability to bind a
particular ligand. Covalent bonds attach the ligand to an insoluble, porous support medium in
a manner that overtly presents the higand to the protein sample, thereby using natoral specific

binding of one molecular species 1o separate and puntfy a second species from a muxiure.
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Antibodies are commonly used in affinity chromatography. Size selection steps may also be
used, e.g. gel filtration chromatography {also known as size-exclusion chromatography or
molecular sieve chromatography) is used to separate proteins according to their size. In ge

filtration, a protein solution is passed through a column that is packed with semipermeable

(2

porous resin. The semipermeable resin has a range of pore sizes that determines the size of

proteius that can be separated with the coluron,

The 1L-2 mutein produced by the transformed host can be purified according fo any
suttable method. Vartous methods are known for purifying IL-2. See, e.g. Current Protocols
in Protein Science, Vol 2. Eds: John E. Coligan, Ben M. Dunn, Hidde L. Ploehg, David

10 W, Speicher, Paul T. Wingfield, Unut 6.5 (Copyright 1997, Johu Wiley and Sons, Inc. IL-2
murteins can be isolated from inclusion bodies generated inn E. coli. or from conditioned
medium from either mammalian or yeast cultures producing a given mutein using cation

exchange, gel filiration, and or reverse phase hguid chromatography .

The substantially purified forms of the recombinant polvpeptides can be purified from
15  the expression systen using routine biochemical procedures, and can be used, e.g., as

therapeutic agents, as described herein.,

The brological activity of the [L-2 muteins can be assaved by any suitable method
known in the art and may be evaluated as substantially purified forms or as part of the cell
lvsate or cell medium when secretion leader sequences are emploved for expression. Such

20 activity assays include CTLL-2 profiferation, induction of phospho-STATS (pSTATS)

activity in T cells, PHA-blast proliferation and NX cell proliferation.

Formulations

For therapeutic applications, the mutein can be administered to a mammal.

25 Admunistration may be intravenous, as a bolus or by contimuous infusion over a period of
time. Alternative routes of adnunistration include intramuscular, intraperitoneal, imdra-
cerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or
inhalation routes. The IL2 muteins also are suitably administered by intratumoral,
pertiurmoral, intralesional, intranodal or pertlesional routes or to the lvmph, to exert local as

30 well as systemic therapeutic effects.
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In some embodiments, subject IL-2 muteins {and/or nucleic acids ¢an be incorporated
into compositions, including pharmaceutical compositions. Such compositions ty pically
include the polypeptide or nucleic acid molecule and a pharmacewtically acceptable carrier.
A pharmacewtical composition is formulated {o be compatible with its intended route of
administration and is compatible with the therapeutic use for which the TL2 mutein is to be

administered to the subject in need of treatment or prophyaxis.

Parenteral Formulations:

The mutant TL-2 polypeptides of the invention may be given orally, but it is more
likely that they will be administered through a parenteral route. Exaroples of parenteral routes
of administration include, for example, intravenous, intradermal, subcutaneous, transdermal
{topical}, transmucosal, and rectal administration. Parenteral formulations comprise solutions
or suspenstons used for parenteral application can include vehicles the carriers and buffers.
Pharmaceutical formulations for parenteral adnunisiration include sterile agueous solutions
(where water soluble} or dispersions and sterife powders for the extemporaneous preparation

of sierile injectable solutions or dispersion.

Carriers: Carrters include a sterile diduent such as water for injection, saline solution,
fixed oils, polyvethylene glyvcols, glycerine, propylene glycol or other synthetic solvents. The
carrier can be a solvent or dispersion mediam containing, for example, water, ethanol, polyol
{for example, glycerol, propylene glveol, and hiquid polyethylene giyeol, and the like), and
suitable mixtures thereof. The proper fluidity can be maintained, for example, by the use of a
coating such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants, e.g., sodium dodecyl sulfate. For intravenous
administration, swtable carriers include physiclogical saline, bacteriostatic water, Cremophor
ELTM. (BASF, Parsippany, N 1) or phosphate buffered saline (PBS).

Buffers: The term buffers includes 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, hyvdrochloric acid or
sodium hvdroxide (e.g., to apH of about 7.2-7 8, e.g.. 7.5}

Dispersions: Generally, dispersions are prepared by incorporating the active
compound into a sterile vehicle, which containg a basic dispersion medium and the required

other ingredients from those enumerated above. In the case of sterile powders for the
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preparaiion of sterile injectable solutions, the preferred methods of preparation are vacoum
drving and freeze-drving which vields a powder of the active ingredient plus any additional
desired ingredient from a previously sterile-filtered solution thereof.

Preservatives: The pharmaceutical formmiations for parenteral administration io a
subject should be sterile and should be fluid to facilitate easy syringability. ¥t should be stable
under the conditions of manufacture and storage and are preserved against the contamination.
Prevention of the action of nmucroorganisms can be achieved by various antibacterial and
antifungal agents, for example, agents such as benzyl alcohol or methyl
parabens; antioxidanis such as ascorbic acid or sodium bisulfite; chelating agents such as
ethvlenediaminetetraacetic acid, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal,
and the like. Sterile 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 sterihzation.

Tonicity Agents: In many cases, it will be preferable to include isotonic agents, for
example, sugars, polyalcohols such as mannitol, sorbitol, sodium chloride in the
composition,

Oral Compositions: Oral compositions, if used, generally include an inert diluent or

an edible carrigr. For the purpose of oral therapeutic administration, the active compound can
be incorporated with excipients and used in the form of tablets, troches, or capsules, e.g.,
gelatin capsules. Oral corapostiions can also be prepared using a fluid carrier foruse as a
mouthwash. Pharmaceutically compatible binding agents, and/or adjuvant materials can be
included as part of the composition. The tablets, pills, capsules, troches and the like can
contain any of the following ingredients, or cormpounds of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a
disintegrating agent such as alginic acid, PrimogelTM, or corn starch; a lubricant such as
magnesium stearaie or SterotesTM; a ghidant such as colloidal silicon dioxide; a sweetening
agent such as sucrose or saccharin: or a flavoring agent such as pepperount, methyl
salicylate, or orange flavoring.

Inhalation Formulations: In the event of administration by inhalation, subject IL-2
muteins, or the nucleie acids encoding them, are delivered in the form of an aerosol spray
from pressured container or dispenser which contains a suitable propellant, e.g., a gas such as
carbon dioxide, or a nebulizer. Such methods include those deseribad in U.S. Pat. No.

6,468,798,
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Mucosal and Transdermal: Systemic adminisiration of the subject IL-2 muteins or

nucleic acids can also be by transmucosal or transdermal means. For fransmucosal or
transdermal adnunistration, penetrants appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known in the art, and include, for example, for
transmucosal administration, detergents, bile salts, and fusidic acid derivatives. Transmucosal
administration can be accomplished through the use of nasal spravs or suppostiories
suppositories {e.g., with conventional suppository bases such as cocoa butter and other
glycerides) or retention enemas for rectal delivery. For transdermal administration, the active
compounds are formulated into ointments, salves, gels, or creams as generally known in the
art and may corporate permeation enhancers such as ethanol or lanolin. .

Extended Release and Depot Formuidations: In some embodiments, the IL2 muiein is

administered in a formulation (o provide extended release of the IL2 mutein agent. Examples
of extended release formulations of the injectable compositions can be brought about by
including in the compostition an agent which delays absorption, for example, aluminum
monostearate and gelatin. In one embodiment, the subject IL-2 muteins or nucleic acids are
prepared with carriers that will protect the mutant 1L-2 polypeptides against rapid elirnination
from the body, such as a controlled release formulation, including implants and
microencapsulated delivery svstems. Biodegradable, biocompatible polymers can be used,
such as ethyvlene vinyl acetate, polvanhydrides, polvglycolic acid, collagen, polyorthoesters,
and polvlactic acid. Such formulations can be prepared using standard techniques. The
materials can also be obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted 1o infected cells
with monoclonal antibodies 1o viral antigens) can also be used as pharmaceutically acceptable
carriers. These can be prepared according to methods known to those skilled in the art, for

exaimple, as described in U.S. Pat. No. 4,522 81 1.

Administration of Nucleic Acids Enceoding the IL2 Mutein {(Gene Therapv): In some

embodiments, compounds (subject IL-2 muteins or nucleic acids) can also be administered by
transfection or infection using methods known in the art, including but not limited to the
methods described in McCaffrey et al. (Nature 418:6893, 2002}, Xia et al. {Nature
Biotechnol. 20: 1006-1010, 2002), or Putnam {Am. J. Health Syst Pharm. 53 151-160, 1996,
ervatum at Am. J. Health Syst. Pharm. 53:325, 1996). In some embodiments, the IL2 mutein

is administered to a subject by the administration of a pharmaceutically acceptable
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formulation of recombinant expression vector. In one embodiment, the recombinant
expression vector is a viral vector. In some embodiments, the recombinant vectoris a
recombinant viral vector. In some embodiments the recombinant viral vector is a
recombinant adenoassociated virus (rAAV) or recombinant adenovirus {tAd), in particular a
replication deficient adenovirus derived from human adenovirus serotypes 3 and/or 5. In
some embodiments, the replication deficient adenovirus has one or more modifications to the
E1 region which interfere with the ability of the virus fo initiate the cell cycle and/or
apoptotic pathways in a human cell. The replication deficient adenoviral vecior may
optionally comprise deletions in the E3 domain. In some embodiments the adenovirusis a
replication competent adenovirus. In some embodiments the adenovirus is a replication

competent recombinant virus engineered to selectively replicate in lymphocytes.

In one embodiment, the IL2 mutein formulation is provided in accordance with the
teaching of Fernandes and Taforo, United States Patent No. 4,604,377 1ssued August 5, 1986
the teaching of which is herein incorporated by reference. And Yasui, et al Unied States
Patent No 4,645,830

The parenteral preparation can be enclosed in ampoules, disposable syringes or
multiple dose vials made of glass or plastic. In one embodiment, the formulation 1s provided

in a prefilled syringe for parenteral adminstration.

Methods of Use

The present disclosure further provides methods of treating a subject suffering froma
disease disorder or condition by the administration of a therapeutically effective amount of an
IL.2 mutein {or nucleic acid encoding an IL2 mutein including recombinant viruses encoding
IL.2 muteins) of the present disclosure. In the treatment of sach diseases, the [L-2 muteins of
the present disclosure may be incorporate modifications to provide advantageous properties,
such as reduced vascular leak syndrome. Disorders amenable to treatment with IL-2 ouuteins
{including pharmaceutically acceptable formulations comprising IL2 muteins and/or the
nucletc acid molecules that encode them mcluding recombinant viruses encoding such IL2
muteins} of the present disclosure include inflammatory or autoimmune diseases including
but not fimited to, viral infections {e.g., AIDS, influenza, chronic HCV, chronic viral hepatitis
B, C or D), heliobacter pylori infection, HTLV, organ rejection, graft versus host disease,

autormroune thyroid disease, roultiple sclerosis, allergy, asthroa, neurodegenerative diseases
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including Alzheimer’s disease, systemic fupus ervthramatosis (SLE), avtoinflammatory
diseases, nflammatory bowel disease (IBD), Crohn’s disease, diabetes including Type 1 or
tvpe 2 diabetes, mflammation, autoimnuune disease, atopic diseases, paraneoplastic
autoimmune diseases, cartilage inflammation, arthritis, rheumatoid arthritis, juvenile arthritis,
juvenile theumatoid arthritis, juvenile theumatoid arthnitis, polyvarticular juvenile rheumatoid
arthritis, systemic onset juvenile theumatoid arthritis, juvenile ankylosing spondylitis,
juvenile enteropathic arthritis, juvenile reactive arthritis, juvenile Reiter's Syndrome, SEA
Syandrome {Seronegativity Enthesopathy Arthropathy Syndrome}, juvenile dermatomy ositis,
juvenile psosiatic arthritis, juvenile scleroderma, juvenile systermic lupus erythematosus,
juvenile vasculitis, pauciarticular theumatoidarthritis, polyarticular theumatoidarthritis,
systemic onset rtheumatoidarthritis, ankvlosing spondylitis, enteropathic arthritis, reactive
arthritis, Retter's svndrome, SEA Syndrome(Seronegativity, Enthesopathy, Arthropathy
Svndrome).

Other exarmples of proliferative and/or differentiative disorders amenable to treatment
with T1L-2 muteins (including pharmaceutically acceptable formulations comprising 1L.2
muteins and/or the nucleic acid molecules that encode them including recombinant viruses
encoding such L2 muteins} of the present disclosure include, but are not limited to, skin
disorders. The skin disorder may involve the aberrant activity of a cell or a group of cells or
layers in the dermal, epidermal, or hypodermal fayer, or an abnormality in the dermal-
epidermal junction. For example, the skan disorder may 1avolve aberrant activity of
keratinocytes {e.g., hyvperproliferative basal and imumediately suprabasal keratinocytes),
melanocytes, Langerhans cells, Merkel cells, immune cell, and other cells found in one or
more of the epidermal lavers, e.g., the stratum basale (stratum germinativam), stratum
sprnosum, stratum granulosum, stratum lucidum or stratum corneum. In other emboduments,
the disorder may involve aberrant activity of a dermal cell, for example, a dermal endothelial,
fibroblast, immune cell {e.g., rast cell or macrophage) found in a dermal layer, for example,
the papillary laver or the reticular layer.

Examples of skin disorders include psoriasis, psoriatic arthritis, dermatitis {(eczema),
for example, exfoliative dermatitis or atopic dermatitis, pityriasis rubra pilaris, pitvriasis
rosacea, parapsoriasis, pityriasis lichenoiders, lichen planus, lichen nitidus, ichthy osiform
dermatosis, keratodermas, dermatosis, alopecia areata, pyoderma gangrenosum, vitiligo,
pemphigoid {e.g., ocular cicatricial pemphigoid or bullous pemphigoid}, urticana,
prokeratosis, rheumatoid arthritis that involves hyperproliferation and inflammation of
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epithelial-related cells lining the joint capsule; dermatitises such as seborrheic dermatiiis and
solar dermatitis; keratoses such as seborrheic Keratosis, senle Keratosis, actinic keratosis,
photo-induced keratosis, and keratosis follicularis; acne vulgaris; keloids and prophylaxis
against keloid formation; nevi; warts including verruaca, condvioma or condvioma
acuminatum, and human papilloma viral (HPV) infections such as venereal warts;
leukoplakia; lichen planus; and kerafitis.

The skin disorder can be dermatitis, e.g., atopic dermatitis or allergic dermatitis, or psoriasis.

The compositions of the present disclosure {including pharmaceutically acceptable
formulations comprising 112 muteins and/or the nucleic acid molecules that encode them
including recombinant viruses encoding such IL2 muteins) can also be administered to a
patient who is suffering from (or may suffer from) psoriasis or psoriatic disorders. The term
"peoriasis” is intended to have its medical meaning, namely, a disease which afflicts
primartly the skin and produces raised, thickened, scaling, nonscarting lesions. The lesions
are usually sharply demarcated ervthematous papules covered with overlapping shiny scales.
The scales are typically silvery or slightly opalescent. Involvement of the nails frequently
oceurs resulting in pitting, separation of the nail, thickening and discoloration. Psoriasis is
sometimes associated with arthritis, and it may be crippling. Hyperproliferation of
keratinocytes is a key feature of psoriatic epidermal hy perplasia along with epidermal
inflammation and reduced differentiation of keratinocytes. Multiple mechanisms have been
mvoked to explain the keratinocvte hyperproliferation that characterizes psoriasis. Disordered

-efiular immunity has aiso been implicated in the pathogenesis of psoriasis. Examples of
psonatic disorders include chronic stationary psoriasis, plaque psoriasis, moderate {0 severe
plague psoriasis, psoriasis vulgaris, eruptive psoriasis, psoriatic ervthroderma, generalized
pustular psoriasis, annular pustular psoriasis, ot localized pustular psoriasis.

In certain embodiments, the subject IL-2 mutein that function as IL-2 antagonists
described herein are useful for the treatment of one or more conditions wherein suppression
of one or more 1L-2 and/or 1L-13 dependent functions is useful. In certain ernbodiments, the
IL-2 muteins described herein is used for the {reatment of one or more diseases or conditions
wherein suppression of CE122/CD132 heterodimerization and downstream signaling is
useful {e.g., GVDH or leukemia}. In one embodiment, the method of treatment is for the
treatment of graft versus host disease (GVHD). In some embodiments, the treatment includes
the step of administering to a subject having GVHD a therapeutically effective amount of an
IL-2 mutein (ncluding pharmaceutically acceptable formulations comprising IL2 muteins

&1
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and/or the nucleic acid molecules that encode them including recombinant viruses encoding

such 112 muteins).

Combination Of 112 Muteins with Additional Therapeutic Agents for Autoimmune

Disease:

The present disclosure provides the for the use of the 1L2 muteins of the present
disclosure in combination with one or more additional active agents (“supplementary
agenis”) in the treatment of autoimnuune disease. As used herein, the term “supplementary
agents” inchudes agents that can be admunistered or introduced separately, for example,
formulated separately for separate administration (e.g., as may be provided in a kit) and/or

therapies that can be adroinistered or indroduced in combination with the ILZ muteins.

As used herein, the term “in combination with” when used m reference 1o the adnunistration
of multiple agents to a subject refers 1o the admimsiration of a first agent at least one additional {i.e.
second, third, fourth, fifth, etc) agentto asubject. For purposes of the present invention, one
agent {e.g. IL2 mutein) is considered to be admanistered in combination with a second agent
{e.g. atherapeutic autoinumune antibody such as Humira®) if the biological effect resulting
from the administration of the first agent persists in the subject at the time of adnunistration
of the second agent such that the therapeutic effects of the first agent and second agent
overlap. For example, the therapeutic antibodies are somefimes admimnstered by IV infusion
every two weeks {e.g. adalimumab in the treatment of Crohn’s disease) while the IL2 muteins
of the present disclosure may be administered more frequently, e.g. dailly, BID, or weekly.
However, the admirstration of the first agent (e.g. entacrcept) provides a therapeutic effect
over an extended timne and the adminisiration of the second agent {e.g. an IL2 mein)
provides its therapeutic effect while the therapeutic effect of the first agent remains ongoing
such that the second agent is considered to be administered in combination with the first
agent, even though the first agent may have been admimstered at a point in time significantly
distant {e.g. davs or weeks) from the time of administration of the second agent. Inone
embodiment, one agent is considered to be administered in combination with a second agent
if the first and second agents are adnunistered simultaneously (within 30 nunutes of each
other), contemporaneously or sequentially. In some embodiments, a first agent 15 deemed to

be administered “contemporaneously” with a second agent if first and second agents are
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administered within about 24 howrs of each another, preferably within about 12 howrs of each
other, preferably within about 6 howrs of each other, preferably within about 2 howrs of each
other, or preferably within about 30 minutes of each other. The term “in combination with”

shall also undersicod to apply to the situation where a first agent and a second agent are co-

(2

formulated in single pharmaceutically acceptable formulation and the co-formulation is
administered 1o a subject. In certain embodiments, the IL2 mutein and the supplementary
agent(s) are administered or applied sequentially, e.g., where one agent is administerad prior
to one or more other agents. In other embodiments, the IL2 mutein and the supplementary
agent(s) are admunistered simultaneously, e.g., where two or more agents are admnistered at
10 or about the same time; the two or more agents mav be present in two or more separaie
formudations or combined into a single fornwlation (i.e., a co-formulation). Regardless of
whether the agents are administered sequentially or simultaneously, they are considered to be

adminstered in combination for purposes of the present disclosure,

In some embodiments, the supplementary agent is one or more agenis selected from

1§ the group consisting of corticosteroids {including but not limited to prednisone, budesonide,
prednilisone), Janus kinase inhibitors (incloding but not hmited 1o ofacitinid (Xeljanz®),
calcineurin inhibitors (jucluding but not linuied to cyclosporine and tacrolimus), mi¥or
inhibitors {inchuding but not linnted to sirolimus and everolimus), IMDH mmhibitors
{including but not limited to azathioprine, leflunomide and mycophenolate), biologics such as

20 abatcept {Orencia®) or etanercept (Enbrel®), and therapeutic antibodies. Exaraples of
therapeutic antibodies that mav be administered as supplementary agents in combination with
the IL2Z muteins of the present disclosure in the treatment of auioimmume disease include but
are not hintited to anti-CD23 antibodies {e.g. daclizumab and basithiximab), anti-VLA-4

antibodies {e.g natalizumab), anti-CDS2 antibodies (e.g. alemtuzumab), anti-CD20

B2
wr

antibodies (e.g. rituximab, ocrelizumab), anti-TNF antibodies {e.g. infliximab, and
adalimumab), anti-IL-6R antibodies {e.g. tocilizumab)}, anti-TNFq antibodies {e.g.
adalimumab (Humira®), golimumab, and infliximab), anti-integrin-a4f7 antibodies {e.g.
vedolizumab), anii-IL-17a antibodies (e.g. brodalumab or secukinumab), anti-IL-4R«
antibodies {e.g. dupilumab), anti-RANKL antibodies, 1L-6R antibodies, anti-IL-15 antibodies
30 (e.g canakimumab), anti-CD1la antibodies {e.g. efalizumab), anti-CD3 antibodies {e.g.
muramonab), anti-ILS antibodies {e.g. mepolizumab, reslizumab), anti-BLvS antibodies {e.g.

belimumab); and anti-11.-12 / 11.-23 antibodies {e.g ustekinumab).
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Many therapeutic antibodies have been approved for clinical use agamnst autoimmune
disease. Examples of antibodies approved by the United States Food and Drug
Administration (FDA} for use in the treatment of autoimmune diseases n a subject suffering
therefrom that may be administered as supplementary agents in combination with the IL2
muteins of the present disclosure (and optionally additional supplementary agents) for the

treatment of the dicated avloimmune disease are provided in Table 4.
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Table 4.
Name Target Indication

belimumab BlyS Systemic lupus erythematosus

efalizumab Chila Psortasis

ocrelizumab CD20 Maeltiple sclerosis

rituximab D20 Multiple sclerosis

basiliximab D23 Transplantation rejection

daclizumab D25 Transplantation rejection

muromonab D3 Transplantation rejection
aleratozumab CD32 Multiple sclerosis

omalizamab IgE Asthma

ustekinumab IL-12/1L-23 | Plague psoriasis

brodalumab 1L-17a Psoriasis, psoriatic arthritis, ankylosing spondylitis
secukinumab .~17a Psoriasts, psoriatic arthritis, ankylosing spooadyliiis
iekizumab IL-17a Psoriasis, psoriatic arthritis, ankylosing spoadyhits
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Cryopyrin-associated periodic svandrome, funor necrosis factor

receptor associated periodic syndrome, by perimmunoglobulin D

canakinumab IL-18 ) . L )
syndrome, mevaionate kinase deficiency, familial Mediterrancan
fever, rheumatoid arthnitig
dupilurnab IL-4Ra Asthma, dermatitis
raepolizumab 1L-5 Asthrea
reslizumab IL-3 Asthma
tocilizamab IL-6R Rheomatord arthritis
edolizamab Integrin-adf7 | Ulcerative colitis, Crohn’s discase
denosumab RANKL Osteoporosis
certohizumab TNFa Chron’s disease, rheumatoid artheitis
golimumab TNFa Rheumatoid arthritis, psoriatic arthritis, ankylosing spoadylitis
) ) _— Rheumatoid arthritis, juvenile idiopathuc arthritis, psoriatic arthritis,
adalinnumab TNFu ) - o o
ankylosing spondyhitis, Croh’s discase, plague psoriasis
o Crohn’s disease, ulcerative colitis, theumatoid artheitis, ankylosing
nfliximab TNFa . o . o
spondyhitis, psoriatic arthritis, plague psoriasis
ranibizumab VEGF-A Neovascular age~related macular degeneration, macular cdema
natajizumab YViA-4 Multiple sclerosis, relapsing ruliiple sclerosis, Croha’s disease

The foregoing antibodies useful as supplementary agents in the practice of the

methods of the present disclosure may be administered alone or in the form of any antibody
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drug conjugate {ADC) comprising the antibody, linker, and one or more drugs (e.g. 1. 2, 3, 4,

5, 6,7, or 8 drugs} or in modified form {e.g. PEGvlated).

in soroe embodiments the supplementary agent 1s a vaccine. The [L2 muteins of the
present invention may be adminustered o a subject in combination with vaccines as an
adjuvant to enhance the immune response to the vaccine in accordance with the teaching of
Dovle, et al Unite States Patent No 3,800,819 issued Septersber 1, 1998, Examples of
vaccines that may be combined with the [L2 muteins of the present invention include are
HSV vaccines, Bordetella pertussis, Escherichia coli vaccines, pneumococcal vaccines
including multivalent pneumococcal vaccines such as Prevnar® 13, dipthenia, tetanus and
pertussis vaccines (including combination vaccines such as Pediainx®) and Pentacel®),
varicella vaccines, Haemophilus influenzae type B vaccines, human papilloma virus vaccines
such as Garasil®, polio vaccines, Leptospirosis vaccines, combination respiratory vaccine ,
Moraxella vaccines, and atienuated live or killed virus products such as bovine respiratory
disease vaccine (RSV), multivalent human influenza vaccines such as Fluzone® and
Quadravient Fluzone®), feline leukemia vaccing, transnussible gastroenteritis vaccine, and

rabies vaccine.

Bosage

Dosage, toxicity and therapeutic efficacy of such subject IL-2 muteins or nucleic
acids compounds can be determined by standard pharmaceutical procedures in cell culiures or
experimental animals. The data obtained from the cell culture assavs and animal studies can
be used in formulating a range of dosage for use in humans. The dosage of such corapounds
lies preferably within a range of circulating concentrations that include the ED30 with
minimal acceptable toxicity. The dosage may vary within this range depending upon the
dosage {orm eroploved and the roule of administration utilized. For any compound used in
the method of the invention, the therapeutically effective dose can be estimated initially from
celi culture assavs. A dose may be formulated in animal models to achieve a circulating
plasma concentration range that includes the ICS0 (i.e., the concentration of the test
compound which achieves a half-maxiroal inhibition of symptoms) as determined n cell

culture. Such information can be used to more accurately determine useful doses in humans.

&7
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Levels in plasma may be measured, for example, by high performance liquud
chromatography.
As defined herein, a therapeutically effective amount of a subject IL-2 mwitein {ie, an

effective dosage) depends on the poly peptide selected. For instance, single dose amounts in

(2

the range of approximately 0.001 to 0.1 mg/kg of patient body weight can be administered; in

some embodiments, about 0.0053, 0.01, 0.05 mg/kg may be administered. In some

embodiments, 660,000 1U/kg is administered (IU can be determined by a lymphocyte
profiferation bioassay and is expressed in Intemnational Units (1U) as established by the World

Health Organization Ist International Standard for Interdeukin-2 (human)).

10 in some embodiments, the pharmaceutically acceptable forms of the IL2 muteins of
the present disclosure are administered 1o a subject in accordance with a “low-dose”
treatment protocol as described in Klatzman, ef af. United States Patents Nos. 9,669,071 and
10,293,028B2 the entire teachings of which are herein jncorporated by reference. Additional
low dose protocols are described in Smith, K. A, (1993) Blood 81(6):1414-1423, He, et al

1§ (2016) Nature Medicine 22(9): 991-993

In accordance with another aspect of the present disclosure, there 18 provided a
method for stimulating the inunune system of an animal by administering the 1L-2 muteins of
the present disclosure. The method is useful to treat disease states where the host immune
response is deficient. In treating a subject, a therapeutically effective dose of compound (e,

20 active ingredient) 1s administered. A therapeutically effective dose refers to that amsount of

the active ingredient that produces amelioration of symptoms or a prolongation of swrvival of

a subject. An effective dose will vary with the characteristics of the IL-2 mutein to be

administered, the physical characteristics of the subject to be treated, the nature of the disease

ot condition, and the like. A single adnunisiration can range from about 50,000 1U/kg to

b2
W

about 1,000,000 [U/kg or more, more typically about 600,000 IU/kg. This mav be repeated
several times a day {e.g., 2-3 times per day) for several days (e.g., about 3-5 consecutive
days) and then roay be repeated one or more times following a period of rest (e.g., about 7-14
days). Thus, an effective dose may comprise only a single administration or many
administrations over a period of time {e.g., about 20-30 individual admunistrations of about
30 600,000 IU/kg each given over about a 10-20 day period).

The compositions can be adrministered one from one or more times per day 1o one or
maore times per week; including once every other day. The skilled artisan will appreciate that
certain factors may influence the dosage and timing required (o effectively treat a subject,

&8
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including but not himited to the severity of the disease or disorder, previous treatmenis, the
general health and/or age of the subject, and other diseases present. Moreover, treatment of a
subject with a therapeutically effective amount of the subject 1L-Z muteins can include a
single treatment or, can include a series of treatments. In one embodiment, the compositions
are admunistered every 8 hours for five days, followed by a rest period of 2 to 14 davs, e.g., 9
days, followed by an additional five days of adnunistration every 8 hours. In another
erabodiment, the compositions are administered every other day for a period of at least 6
days, optionally at least 10 days, optionally at least 14 days, optionally at least 30 days,
optionally at least 60 days. The skilled artisan will recogrize that the treatment may be
extended for the treatment of chronic conditions and the prevent the reoccurrence of
symptoms of chronic diseases such as autoimmune diseases {e.g. psoriasis, IBD, etc)

The pharmaceutical compositions can be mcluded in 4 container, pack, or dispenser
together with instructions for administration,

While compounds that exhibit toxic side effects may be used, care should be taken to
design a delivery system that targets such compounds o the site of affected tissue in order to
mininize potential daroage to uninfected cells and, thereby, reduce side effects. Toxicity and
therapeutic efficacy of an 1L.-2 moutein can be determined by standard pharmaceutical
procedures in cell culture or experimental animals. Cell culiure assavs and animal studies can
be used o determine the LDso (the dose lethal to 50% of a population) and the ED¥se (the dose
therapeutically effective in 50% of a population). The dose ratio between toxic and
therapeutic effects is the therapeutic index, which can be expressed as the ratio LDso/EDs¢.
iL-2 mutants that exhibit large therapeutic indices are preferred. The data obtained {rom these
cell culture assays and animal studies can be used in formulating a range of dosages suitable
for use in humans. The dosage of such mutanis lies preferably within a range of arculating
concentrations that include the EDso with little or no toxicity. The dosage may vary within
this range depending upon a variety of factors, e.g., the dosage form emploved, the route of

admimstration utilized, the condition of the subject, and the like

A therapeutically effective dose can be estimated initially from cell culture assays by
determining an ICs0. A dose can then be formulated in animal models to achieve a circulating
plasma conceniration range that includes the 1Cs as determined n cell culture. Such
mnformation can be used to more accurately determine useful doses in humans. Levels in

plasma may be measured, for example, by HPLC. The exact formulation, route of

&%
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administration and dosage can be chosen by the individual physician in view of the patient's
condition.

The attending physician for patiends treated with 1L.-2 muteins and optionally
supplementary agents would know how and when to terminate, iterrupt, or adjust
administration due fo toxicity, organ dysfunction, and the like. Conversely, the aitending
physician would also know to adjust treatroent to higher levels if the clinical response were
not adequate (precluding toxicity). The magnitude of an admirustered dose i the
management of the disorder of interest will vary with the severity of the condition to be
treated, with the route of admimistration, and the like. The severity of the condition may, for
example, be evaluated, 1n part, by standard progunostic evaluation methods. Further, the dose
and perhaps dose frequency will also vary according to the age. body weight, and response of

the individual patient.

1L-2 mutants of the invention may be admimstered to an individual alone as a
pharmaceutical preparation appropriately formulated for the route of delivery and for the
condition being treated. Suitable routes may include oral, rectal, transdermal, vaginal,
transmiucosal, or infestinal administration; parenteral delivery, including intramuscular,
subcutaneocus, intramedullary ingections, as well as intrathecal, divect intraventricular,
intravenous, intraperitoneal, intranasal, or intraocular injections, and the like. For
transmucosal administration, penetrants appropriate 1o the barrier to be permeated are used in

the formulation. Such penetrants are generally known in the art.

{L.-2 mutants may be manufactured as a formulation with one or more
pharmaceutically acceptable carriers or excipient(s) as is well known n the art. Techniques
for formulation and administration may be found in “Remington’s Pharmaceutical Sciences,”
{18th ed., Mack Publishing Co., Easton, Pa., 1990). Specific examples of 1L-2 formulations
are described in U.S. Pat. Nos. 4,604,377 and 4,766,106, The IL-2 mutant may be formulated
as a liquid with carriers that may include a buffer and or salt such as phosphate buffered
saline. Altermatively, the IL-2 mutant may be formulated as a solid with carriers or fillers
such as lactose, binders such as starches, and/or lubricants such as talc or magnesiurn stearate

and. optionally. stabilizers,
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Kits

The present disclosure also contemplates kits comprising pharmaceutical
compositions IL2 muteins and a pharmaceutical composition thereof. The kits are generally
in the form of a physical structure housing various components, as described below, and can
be utilized, for example, in practicing the methods described above. A kit may comprise an
IL2 mutein in the form of a pharmaceutical composition suitable for administration to a
subject that is ready for use or in a form or requiring preparation for example, thawing,
reconstitution or dilution prior to administration. When the IL2 mutein is in a form that
needs to be reconstituted by a user, the kit may also comprise a sterile container providing a
reconstitution medium comprising buffers, pharmaceutically acceptable excipients, and the

like.

A kit of the present disclosure may further comprise one or more supplementary

agents in addition to the other components.

A kit of the present disclosure can be designed for conditions necessary to properly

maintain the components housed therein (e.g., refrigeration or freezing).

A kit may further contain a label or packaging insert including identifving information
for the components therein and mstructions for their use. Each component of the kit can be
enclosed within an individual container, and all of the various containers can be within a
single package. Labels or inserts can include manufacturer information such as lot numbers
and expiration daies. The label or packaging insert can be, e.g.. infegrated info the physical
structure housing the components, contained separately within the physical structure, or
provided in a physical form or a computer readable medium. In sorse embodiments, the
actual instructions are not present in the kit, but rather the kit provides a moeans for oblaining
the mstructions from a remote source, e.g.. via an internet site, including by secure access by
providing a password {or scannable code such as a barcode or QR code on the container of
the 1L2 mutein or Kit comprising) in compliance with governmental regulations {e.g.,

HIPAA) are provided.
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EXAMPLES

The following examples are provided to describe certain embodiments of the invention

provided herein and are not to be construed to as limiting.
Example 1: Generation of the human 1L.2 expression vector peDBMNAS. Vhygro{+)-hull2

The human 1L2 DNA open reading frame ("ORF”} {(Genbank NM_000586.3) was
synthesized (Life Technologies GeneArt Service, Carlsbad, CA), and amplified via PCR
using Platinum SuperFi I DNA polymerase kit (commercially available as catalog
#12361050, ThermoFisher) in substantial accordance with the manufacturer’s protocol, and
using primers 5° TATAGTCAGCGCCACcCATGTACAGGATGCAACTCCTGTIC 37,
which incorporates an Nhel restriction site, and 57
TATAGGGCCCTATCAAGTCAGTGTTGAGATG 37, which mcorporates an Apal
restriction site. The PCR fragment was visualized on a 1% agarose gel (item #54803, Lonza,
Rockland, ME), excised from the gel and purified using a QlAquick PCR Purification kit
{commercially available as catalog #28106, Qiagen, Germanyv) according to the

manufacturer’s protocol.

The purified PCR fragment and mammalian expression vector pcDBNA 3 1/Hygro(+)
(commercially available as catalog #V87020, ThermoFisher, Carlsbad CA) were digested
with Nhel and Apal (conwnercially avalable as catalog #ROT11S and #R0114L, New
England Biclabs, Ipswich, MA) restriction enzymes. The expression vector was further
treated with a Quick Dephosphorylation kit (commercially available as catalog #MOS0SL,
MNew England Biolabs) in substantial accordance with the manufacturer’s protocol. The PCR
fragment was ligated into pcDNA 3. VHygro(+) using the Rapid DNA Ligation Kit
{commercially available as catalog #11635379001, Sigma Aldrich, St Louis, MO} in
substantial accordance with the manufacturer’s protocol, transformed into One Shot TOP1O
Chemically Competent E. coli {coramercially available as catalog #C404006, Life
Technologies, Carlsbad, CA), plated onto LB Agar plates containing 100ug/mi carbenicillin
{commercially available as catalog #1010, Teknova, Hollister, CA}), and grown overnight at
37C.

The following day mndividual bacterial colomes were picked and used fo start a 3wl
bacterial culture in LB Broth (#10855-001, Life Technologies) with 100ug/ml ampicillin

{commercially available as catalog #A9626, Teknova). The cuitures were grown overnight at
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37C. The foliowing day the E. coli were pelleted (6,000rpm, 10 minutes, tabletop cenirifuge
#5424, commercially avatlable as caialog Eppendorl, Hauppauge, NY), and the DNA
expression vector isclated using QlAprep Spin Miniprep Kit (#27106, Qiagen). The plasnud

DNA was sequence verified (MCLab, South San Francisco, CA).

Example 2. Generation of the homan IL2 REH expression vector peBNA3 Vhygro(+)-
hulfl2-REH

An expression vector which introduced three routations into the human 1L.2 ORF
(L38R, Q42E and Q146H; all numbering based on the full length human ILZ ORF
WNM_000586.3 numbering, 1.e. the hIL2 as expressed inchuding the signal peptide not the 20
amino acid sequence of the mature bIL2 molecule) was assembled in substantial accordance
with the teaching of Example 1 with the following exceptions: The mitial template DNA
used for PCR was synthesized with the L38R {L18R of the mature protein), Q42E (Q22F of

the mature protein) and Q146H (Q126H of the mature protein) mutations.

Examaple 3. Generation of the human IL2 REM expression vector peBNA3 Vhygro(+)-
holl2 REM

An expression vector which introduced three mutations into the human L2 ORF
(L38R, Q42E and Q146M; all numbering based on the full length human IL2 ORF
NM_000586.3 numbering) was asserobled exactly as described for the human 112 expression
vector m pcDNA3Z. H/Hygro(+), with the following exceptions: The mitial ternplate DNA
used for PCR was synthesized with the L38R, Q42ZF and Q146M mutations.

Example 4. Introduction of mutations or back-mutations into pcDNA3 Vhygro(+)-

hull? and peDNAS. Vhygre(+)-hall.2 REH expression vectors

All mutations or back-mutations (reverting a mutation in pecINA3Z Uhygrof+)-
L 2-REH back to match the wild type human IL2 ORF} were introduced into the
PCDNA3 VHvgrof+-hull 2 or pcDNA3 I/Hygro(+j-hull 2-REH expression vectors using a
Quik Change II Site Duecied Mutagenesis Kit (#200524, Agilent Technologies, Santa Clara,
CA) in substantial accordance with the manufacturer’s protocol. Table 5 and Table 6 lists the
mutations generated, the template into which the mutation was introduced, and the primer
sets used to ntroduce the mutation. The transformation of the Quik Change PCR reactions

mto E. coli, as well as the isolation and sequence analysis of the plasmid DNA, was

a3
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performed using the same protocol as in the generation of the pcDNASZ VHygro-hulL.2

expression veclor,

Table 5. Guik Change Mutagenesis
Fuil 1w | oan 14 FTemplates
ORF # : “16
iL2: pcDNAZ Vhygro(+t-hull2
1.2 REH: peDNA3 1/Hygro(+)-hull2 REH
112 REK: pcDNA3 DHyverotthull2 REK
Mature 12 iL2 AEH: peDMNAS 1Hvgro(Hr-hull2 AEH
Pepiide 118 1224 ° b o
i 5 417 EEH peDNAS UHyero{r)-hull2 EEH
112 VEH: peDNAS VHyero{+)-hullL2 VEH
{12 HEH: peDNAS VHyvero(+Hi-hull.2 HEH
112 IEH: pcDNAS UHvero(+-hull2 IEH
112 RTH: peDNAS VHygro(+-hofl2 RTH
hit 2
Wild
Tvps
humss L O | QO Prmer Set (5237 Template®
itz
Residue
GATGGATTACCTTITTGTGAGAGCATCATCTCA
ACA (SEQIDNOT)
REE R E |E L2 REX
TOTTCGAGATGATGCTCTCACAAAAGGTAATCC
ATC (SEGQID NOG:8)
GGATTACCTTTTGTATGAGCATCATCTCAAC L2 REK
{SEQ ID NO9)
REM R E M
GTTGAGATGATGCTCATACAAAAGGTAATCC
(SEQ ID NGI1O)

94
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REV

v

GGATTACCTTTTGTGTGAGCATCATCTCAACA
C (SEQID NO:11)

GTGTTGAGATGATGCTCACACAAAAGGTAATC
C (SEQ ID NO12)

1L2 REK

REL

GGATTACCTTTTGTCTGAGCATCATCTCAACA
C (SEQ ID NO:13)

GTGTTGAGATGATGCTCAGACAAAAGGTAATC
C (SEQ D NO:14)

L2 REK

GGATTACCTTTTGTTTCAGCATCATCTCAACAC
(SEQ 1D NO:15)

GTGTTGAGATGATGCTGAAACAAAAGGTAATC
C (SEQ ID NO-16)

L2 REK

REN

R

GGATTACCTTTTGTAACAGCATCATCTCAACA
C (SEQ IDNO:17)
GTGTTGAGATGATGCTGTTACAAAAGGTAATC
C (SEQ ID NO:18)

1.2 REK

RER

GGATTACCTITTGTAGGAGCATCATCTCAACA
C (SEQ ID NO:19)
GTGTTGAGATGATGOTCCTACAAAAGGTAATC
C (SEQ ID NO:20)

L2 REK

REY

GGATTACCTTTTGTTACAGCATCATCTCAACA
C (SEQ ID NO:21)
GTGTTGAGATGATGCTGTAACAAAAGGTAATC
C (SEQ ID NO:22)

iIL2 REK

GGATTACCTTTTGTAAGAGCATCATCTC (SEQ
1D NO23)

GAGATGATGCTCTTACAAAAGGTAATCC (SEQ
1D NO:24)

112 AEH
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GOATTACCTTTTGTAAGAGCATCATCTC (SEQ  IL2 EEH
1 NG:25)
EEK E B K
GAGATGATGCTCTTACAAAAGGTAATCC (SEQ
1D NO:26)
GGATTACCTITTGTAAGAGCATCATCTC (SEQ L2 VEH
1D NO2T)
VEK Y E K
GAGATGATGCTCTTACAAAAGGTAATCC (SEQ
1 NG:2S)
GOATTACCTTTTGTAAGAGCATCATCTC (SEQ  IL2 HEH
ID NO:29)
HEK H E | K
GAGATGATGCTCTTACAAAAGGTAATCC (SEQ
1D NO:30)
GGATTACCTTTTGTAAGAGCATCATCTC (SEQ L2 1EH
1D NO31)
IEK I E | K
GAGATGATGCTCTTACAAAAGGTAATCC (SEQ
ID NO:32)
GGATTACCTTTTGTAAGAGCATCATCTC (SEQ  ILZRTH
1D NQO:33)
RTK R T | K
GAGATGATGCTUTTACAAAAGGTAATCC (SEQ
10 NQ:34)
Table 6. hiL.2 Ortholog Consiructs
MName Prinser Set (57 -237) Template
GATGGATTACCTTTTGTGAGAGCATCATCTCA | pExSyn2.0 - bIL2 REK
ACA(SEQ ID NO:35)
TOTTGAGATGATGCTCTCACAAAAGGTAATCC
ATC (SEQ 1D NO:36)
GGATTACCTTTTGTATGAGCATCATCTCAAC pEXSyn2.0 - hiL2 REK
(SEQ ID NO:37)
REM
GTTGAGATGATGCTCATACAAAAGGTAATCC
(SEQ ID NO:38)
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Table ¢ hiL2 Onholog Constructs

Name

Primer Set (3737}

Template

GGATTACCTTTTGTGTGAGCATCATCTCAACAC
(SEQ ID NO:39)
GTGTTGAGATGATGCTCACACAAAAGGTAATC
C (SEQ ID NO:40)

pExSyn2.0 - hiL2 REK

REL

GGATTACCTTTTGTCTGAGCATCATCTCAACALC
(SEQ ID NO41)

GTOTTCGAGATCGATGCTCAGACAAAAGGTAATC
C(SEQIDNO4D

pExSyn2.0 - hiL2 REK

GGATTACCTTITGTTTCAGCATCATCTCAACAL
(SEQ 1D NO:43)

GTGTTGAGATGATGCTGAAACAAAAGGTAATC
C (SEQ 1D NO-44)

pExSyn2.0 - hiL.2 REK

GGATTACCTTTTGTAACAGCATCATCTCAACAC
(SEQ 1D NO:45)

GTGTTGAGATGATGCTGTTACAAAAGGTAATC
C (SEQ 1D NO:46)

pExSyn2.0 - hiL2 REK

RER

GGATTACCTTTTGTAGGAGCATCATCTCAACA
C (SEQ ID NO:47)
GTGTTGAGATGATGCTCCTACAAAAGGTAATC
C (SEQ ID NO-48)

pExSyn2.0 - BIL2 REK

GGATTACCTTTTGTTACAGCATCATCTCAACAC
{SEQ TD NG:49)
GTGTTGAGATGATGCTGTAACAAAAGGTAATC
C (SEQ ID NO:50)

pEXSyn2.0 - hiL2 REK

N8R

REK +

GACTTAATCAGCCGTATCAACGTAATA (SEQ ID
NS
TATTACGTTGATACGGUTGATTAAGTC (SEQID
NG:52)

pExSyn2.0 - hiL2 REK

N8

REK +

GGACTTAATCAGCGATATCAACGTAAT (SEQ ID
NO:53)

pEx8yn2.0 - hiL2 REK
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Table ¢ hiL2 Onholog Constructs

Name Primer Set (3737} Template

ATTACGTTGATATCGCTGATTAAGTCC (SEQ ID

NO:54)

GGGACTTAATCAGCGGTATCAACGTAAT (SEQ | pExSyn2.0 - RIL2 REK
N38G ATTACGTTGATACCGCTGATTAAGTCCC (SEQ

D NO:56)

GGACTTAATCAGCATTATCAACGTAAT (SEQID | pExSyn2.0 - RIL2 REK.
REK + NG5 7)
N8l ATTACGTTGATAATGCTGATTAAGTCC (SEQ ID

NO:58)

GCATTTAAGGCTGATTTTAGAGATGATTTTG pExSyn2.0 - hiL2 REK
REK + (SEQ ID NG:593
D201 CAAAATCATCTCTAAAATCAGCCTTAAATGC

(SEQ 1D NO.60)

GAGCATTTAAGGCTGCATTTAGAGATG (SEQ ID | pExSyn2.0 - hiL2 REK
REK + NG:6 1)
D20H CATCTCTAAATGCAGCCTTAAATGCTC (SEQ 1D

NO62)

GCATTTAAGGCTGACTTTAGAGATGATTTTG | pExSyn2.0 - hiL2 REK
REE + | (SEQID NO:63)
D20T CAAAATCATCTCTAAAGTCAGCCTTAAATGC

(SEQ TD NO:64)

GCATTTAAGGCTGGGTTTAGAGATGA (SEQ ID | pExSyn2.0 - hiL2 REK
D20G TCATCTCTAAACCCAGCCTTAAATGC (SEQ ID

NO:66)

GCATTTAAGGCTGGCTTTAGAGATGATTTTG | pExSyn2.0 - hIL2 REK
REK + {(SEQ 1D NO:6aT)
D20A CAAAATCATCTCTAAAGCCAGCCTTAAATGC

{SEQ 1D NO:68)
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Table ¢ hiL2 Onholog Constructs

Name Primer Set (3737} Template

CAGCAATATCAACAAGATAGTTCTGGAAC pExSyn2.0 - hiL2 AEH
AFH + (SEQ 1D NO:69)
VOIK | GTTCCAGAACTATCTTGTTGATATTGCTG (SEQ

D NO:70

CAGCAATATCAACAAGATAGTTCTGGAAL pExSyn2.0 - hiL2 EEH
VOIK GTTCCAGAACTATCTTGTTGATATTGOTG (SEQ

1D NO72)

CAGCAATATCAACAAGATAGTTCTGGAAC pExSyn2.0 - hIL2 VEH
VEH+ | (SEQIDNO73)
VOIK GTTCCAGAACTATCTTGTTGATATTGOTG (SEQ

1D NO:74)

CAGCAATATCAACAAGATAGTTCTGGAAC pExSyn2.0 - hiL2 HEH
VOIK GTTCCAGAACTATCTTGTTGATATTGCTG (SEQ

1D NO:76)

CAGCAATATCAACAAGATAGTTCTGGAAC pExSyn2.0 - hiL2 TEH
VOIK | GTTCCAGAACTATCTTGTTGATATTGCTG (SEQ

1D NO:78)

CAGCAATATCAACAAGATAGTTCTGGAAC pExSyn2.0 - hIL2 RTH
RTH + {SEQ 1D NG:.79)
VOIK GTTCCAGAACTATCTTGTTGATATTGCTG (SEQ

ID NO:50)

CAGCAATATCAACAAGATAGTTUTGGAAC pExSyn2.0 - hiL2 REE
REE+ | (SEQIDNOSI)
VOIK GITCCAGAACTATCTTGTTGATATIGCTG (SEQ

1D NO:§2)

) GGATTACCTTTTGTAAGAGCATCATCTC (SEQ | pEx8yn2.0 - hIL2 AFH

AER i No83)
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Table ¢ hiL2 Onholog Constructs

Name

Primer Set (3737}

Template

GAGATGATGCTCTTACAAAAGGTAATCC (SEQ
D NG:84)

EEK

GGATTACCTTTTGTAAGAGCATCATCTC (SEQ
1D NO:85)

GAGATGATGCTCTTACAAAAGGTAATCC (SEQ
D NO:86)

pExSyn2.0 - hiL2 EEH

VEK

GGATTACCTTTIGTAAGAGCATCATCTC (SEQ
ID NO:87)

GAGATGATGCTCTTACAAAAGGTAATCC (SEQ
D NO:8S)

pExSyn2.0 - hiL2 VEH

HEK

GGATTACCTTTTGTAAGAGCATCATCTC (SEQ
1D NOG:89)
GAGATGATGCTCTTACAAAAGGTAATCC (SEQ
ID NO:90)

pExSyn2.0 - hiL2 BHEH

IEK

GGATTACCTTTTGTAAGAGCATCATCTC (SEQ
1D NG9
GAGATGATGCTCTTACAAAAGGTAATCC (SEQ
ID NO:92)

pExSyn2.0 - hil2 {EH

RIK

GGATTACCTTTTGTAAGAGCATCATCTC (SEQ
D NO:93)
GAGATGATGCTCTTACAAAAGGTAATCC (SBO
D NO:94)

pExSYR2.0 - hiL2 RTH

NE3R

GACTTAATCAGCCGTATCAACGTAATA SEQID
NG:08)

TATTACGTTGATACGGCTGATTAAGTC (SEQ ID
NO:96)

pExSyn2.0 - hilL2

Example 5, Transient Transfections in HEK293 cells

All expression vectors were transiently transfected into HEK293 cells (#CRL-1573,

ATCC, Manassas, VA). ~1E6 HEK293 cells were plated into each well of a 6 well tissue

culture plate in 2mi of DMEM (#10569044, Life Technologies) supplemented with 10%

100
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Fetal Bovine serum (#8H30071.03, Fisher Scientific, Chicage, IL), and grown overnight at
37C and 5% COu. The next day the cells were transfecied using Lipofectamine 3000 Reagent
(#L3000150, Life Technologies) following the manufacturer’s protocol, using 2.5ug DNA,
5al P3000 reagent, and 7.5ul Lipofectamine 3000 per transfection. The transfected cells were

grown at 37C, 5% CO2 for 48 — 72 hours and then the conditioned media was harvested.
Example 6. Analysic of protein expression

Protein expression was measured by ELISA using the Human 112 V-PLEX ELISA
kit (#K151G0D-4, Mesoscale Diagnostics, Baltimore, MD) following the manufacturer’s
protocol (transfected media was difuted 1:4 imtially, then 1.2 sertally). The plate was read on
a Meso Quickplex SQ120 (Mesoscale Diagoostics) using the manufacture’s preprogranumned
setting for this ELISA kit. The human IL2 standard in the kit was used to compute an

approximate expression level in the conditioned media samples.
Esample 7 Determination of [L2 Activity (STATS) On CD2S- and CD25+ Cells

Following a 2-3 day incubation, samples of the supernatants from the 2937 cells
containing the soluble 112 protein were prepared in accordance with Example S above and
added to YT cells (CD2SNEG) and YT cells which have been engineered to constitutively
express CD2S (YTCD25POS) for a period of approximately 20 munutes. The level of
phospho-STATS (pSTATS) induction was reasured by flow cytometry. The results of the
fold induction of pSTATS level 15 show in FIG. 2 of the accompanying drawings. Selectivity
of the IL2 proteins for CD2S status was calculated as the level of phospho-STATS elevation
on CD25+ YT cells (pSTATSYTEO2S y divided by the level of phospho-STATS in CD2S
negative YT cells (pSTATST). The resulis of these experiments are provided in FIG. 2 of

the attached drawings.

As can be seen from the data presentad, the 1L2 muteins of the present disclosure
provide for selective induction of pSTATS on CD2S positive cells and retain significant 1L.2
activity.

Example 8. Evaluation of Activity of Orthelogs In Human T Cell Clone 3F8

A panel of representative hiL-2 muteins was evaluated for activity in CD4 positive

human T cell clone 3F8 cells. The CD4 positive T cell clone 3F8 was generated by activation

of PBMC of a bealthy donor with the EBV transforroed B cell line JY o two successive
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rounds of Mixed Leukocyte Reactions followed by single cell cloning by Himited dilution as
described (Yssel and Spits (2002} Current Protocols in Immumnology 7.19.1 - 7.19.12). The
CD4 positive T cell clone 3F8 expresses {25 and CD122 and proliferates and produces

IFNy in response to IL-2.

3 3F8 cells were contacied with supernatants from 2937 cells fransfected with hiL-2
murteins as follows: Cells were grown in growth medium consisting of Yssel’s medium
{Iscove’s modified Dulbecco’s Medium {ThermoFisher), 0.25% w/v percent human albumin
{Sigma}, | percent pencillin/sireptomycin {ThermoFisher}, 1 percent ITS-X
Insuhin, Transfernin, Selenium (Gibeo), 30 mg/L Transferrin (Roche), 2 mg/L Palmitic Acid

10 (Sigma), 1 percent LA-OA-Albumin Linoleic Acid, Oleic Acid (Sigma), 1 percent human
serum {Gemini} {Yssel et al (1984) J Immunol Methods 72: 219 - 2273 at 0.2 nullion cells
per ml with 50 Gy irradiated JY cells at 0.1 million cells per well and 40 Gy irradiated
allogeneic PBMC at 1 mullion cells per mb. After six days of culture and expansion with
human -2 at 100 pM, cells were washed and seeded into black, clear bottom 96 well plates

1§ (Costar} at 50 thousand cells per well in 735 yl growth medivm. Five-fold serial difutions of
transfected 2937 cell supernatants were made in growth medium and 75 pl of each dilution
was added to plates of 3F8 cells in duplicate at final titrations ranging from 1.2 to 178123,
Plates were transferred to a humidified incubator {ThermoFisher) and incubated at 37 degrees

centigrade, 5 percent carbon dioxide for three days.

20 Plates were removed from the mcubator and 40 pl of culture supernatant was
harvested n to a 96 well flat bottom plate {Costar}. Supernatants from duplicate wells were
pooled. Cells were lvsed by adding 100 yl per well of Celltiterglo (Promega) according to
manufacturer’s instructions. Cell lysates were mixed on an orbital shaker (VWR Scientific)

for two minutes at 300 rpm then held at room temperature for 10 minutes. Luminescence for

N
W

3F8 cell lysates were read as counts per second on an Envision 2103 Multilabel Plate Reader
(Perkin Elmer).

Production of [FNy i the culture supematants was measured using the MSD IFNy V-
Plex kit (MSD KiS510Q0D) according to manufacturer’s instructions. Briefly, mAb precoated
MSD TFNy assay plates were washed 3 tumes with 150 ull Tris Wash Buffer and IFNy
30 standards were diluted in Drluent 2. Cultore supernatants were diloted 1.1 with Diluent 2 and

50 ul of samples and standards were added to the IFNv assay plates and incubated for 120
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min on an orbitel shaker {(VWR Scientific) at 300 rpm at room temperature. Plates were
washed 3 times with Tris Wash Buffer and 25 ul 1 x detection antibody in Diluent 3 was
added to each well. Plates were incubated for 60 min on an orbital shaker (VWR Scientific)
at 300 rpm at room temperature. Plates were washed 3 times with Tris Wash Buffer and 150
pl. 2x Read Buffer T was added to each well and Luminescence signal was read on a
Mesoscale Quickplex SQ120 instrument. Concentration of IFNy i the supernatants were

calculated based on the standard curve with MSD software.

To compare the effect of each hiL-2 mutein upon 3F8 cell proliferation and IFNy
production, CelltiterGlo values and IFNy concentrations for cells treated with the
supernatants were compared to those obtained for control cells treated with growth medium
alone, wild-type TL-~2 transfection, or supernatant from human REK {L-2 transfection. The
data from these experiments is presented in Table 7 and FIGS. 3A-3D. These data
demonstrate correlation between activity of the hilL-2 muteins to induce proliferation and

IFNy production.

Table 7. Proliferation and IENy Production by Human €D Positive T Cell Clone 3F8 In
Response to hiL2 Muteins

o Proliferation TFNy Production
ICao (pMD) 150 (pM
-2 30.7 197
REK 142 7.7
REE 33.0 184
REM 326 12.7
REV 20.8 212
REL 68.4 338
REF 376 383
REN 137 is7
RER 13.1 131
REY 193 221

103




WO 2021/146481

PCT/US2021/013514

Table 7. Proliferation and 1PNy Production by Human €4 Positive T Cell Clone 3F8 In
Response 1o hil.2 Muteins
Proliferation TNy Production
Construct o
ICs (pM) 50 (pM}
AEK 13.7 i9.0
EEK 36.0 387
VEK 155 4.6
HEK 20.9 304
IEK 10.0 8.8
RTK 62.8 NA
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