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Backeround of the Invention

EEIRY] Tumor Imnmunotherapy: Tumor immunotherapy {or cancer imomunotherapy) is

a form of treatment for neoplastic disease that 1s based on the enhancement of the innate
ability of the immune system to attack neoplastic cells. Although the current onderstanding
of the mecharusm of the invmnune svstem has greatly aided the development of cancer
imumunotherapeutics, the concept of modulating the immune system to treat cancer may be
traced by more than 100 vears. Currently, there are a variety of approaches for
immunotherapy of cancer, such as anticancer vaccines, engineered immume cells, allogenie
TIL therapy, cytokines, and checkpoint modulating antibodies. A common principle
underlying of all of these approaches is the fundamental belief that the innate and adaptive

ummnane svsterms of a subject are effective to attack neoplastic cells and eliminate neoplasms.
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Anti-tumor immunity in human cancer patients is limited by a low prevalence of anti-tumor,
ummnane checkpoint-positive CD&+ T cells and/or their exhaustion.

[6604] Interieukin 2 1L.21s a plunipotent cyiokine which 1s produced by antigen
activated T cells. L2 exeris a wide specirum of effects on the immune system and plays
umportant roles in regulating both immune activation, suppression and homeostasis. IL2
promotes the proliferation and expansion of activated T vmphocyvies, mduces proliferation
and activation of naive T cells, potentiates B cell growth, and promotes the proliferation and
expansion of NK cells. Human interleukin 2 (IL2} 1s a 4 alpha-helix bundie cytokine of 133
amino acids. IL2 is a member of the IL2 family of eyiokines which includes 112, 114, 1L-7,
L9, 1L-15 and TL.21. However, the function of L2 is non-redundant, evidenced by genetic
knockouts in mice (Schorle, ef ¢l (1991 Nature 352(6336): 621-624}. The aming acid
sequence of a hILZ (SEQ ID NG 1) is found in Genbank under accession locator
NP 000577.2.

HEEIRY] 1L.2 Receptor HL2 exerts its effect on mammalian immune cells through
interaction with three different cell surface proteins: (1) CD2S {also referred (o as the IL2
receptor alpha, IL2Ra, p335), CD122 (also referred to as the interleukin-2 receptor beta,
ILZRE, ILI5SRP and p70-75), and CD132 (also referred to as the interleukin 2 receptor
gamma, IL2Ry; or common gamma chain as it s a component of other multimenic receptors
in the 1L.2 receptor family}.

{8606} CD233L2Ray CD25is a 55 kD polypeptide that is constituitively expressed
in Treg cells and inducibly expressed on other T cells in response to activation. hiL2 binds to
hCD25 with a Kq of approximately 10°°M. CD25 is also referred to in the literature as the
"ow affinity” IL2 receptor. The buman CD235 (“hCD257) is expressed as a 272 amino acid
pre-protein comprising a 21 amino acid signal sequence which 1s post-transiationally
removed to render a 251 aming acid mature protein. Amino acids 22-240 {amino acids 1-219
of the mature protein} correspond to the extracethular domain. Anwno acids 241-239 (amano
acids 220-23R8 of the mature protein) correspond to transmernbrane domain. Anuno acids
260-272 {(amino acids 239-251 of the mature protein) correspond to intracellular domain. The
mtracellular domain of CD2S 15 comparatively small {13 amine acids) and has not been
associated with any independent signaling activity. The IL2/CD25 complex has not been

observad to produce a detectable intracellular signaling response. Human D25 nucleic acid
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and protein sequences may be found as Genbank accession mumbers NM_ 000417 and
NP _000408 respectively.

{6007} CD122 GL2RBYy CDI22 15 asmngle pass type | transroembrane protein. The

human CPD122 hCD122) 15 expressed as a 551 amino acid pre-protein, the {irst 26 amino
acids comprising a signal sequence which 1s post-transiationally cleaved in the mature 525
amino acid protein. Amino acids 27-240 {(aminc acids 1-214 of the mature protein)
correspond 1o the exiracellular domain, amino acids 241-265 (amino acids 225-239 of the
mature protein} correspond o the transmembrane domain and amino acids 266-551 {amino
acids 240-525 of the mature protein) correspond to the intraceliular domain. As used heremn,
the term CD122 mncludes naturally occurring variants of the CD122 protein including the
CD122 variants comprising the 857F and D365E substitudions (as numbered in accordance
with the mature hCD 22 protein). hCD122 15 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.

{BO08] CDI132 JL2Rvy CD132 s atype | cytokine receptor and is shared by the
receptor complexes for IL-4, IL-7, 1L-9, IL-15, and IL21, hence it being referred to in the
literature as the “common” gamma chain. Human CD132 (BCD132) 18 expressed as a 369
amuno acid pre-protein comprising a 22 amino acid N-terroinal 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 o the 21 amino
acid transmermbrane domain, and anuno acids 284-369 {amino acids 262-347 of the mature
profein) correspond o the intracellular domain. hCID32 1s referenced at UmiProtikKB
database as entry P31785. Human CD132 nucleic acid and protein sequences may be found
as Genbank accession numbers: NM_000206 and NP_000197 respectively.

{6009} L2 Intermediate and High Affiniy Receptors: In addition to the “low

affimity” CD25 IL2 receptor, two additional 112 receptor complexes have been characterized:
(a) an “intermediate affinity” dimeric IL2 receptor comprising {D122 and CD132 (also
referred to as “IL2ZRPy™), and (b) a “hugh affinity” trimeric IL2 receptor complex comprising
the C225, C2122 and CD132 proteins {(also referred to as “IL2RaPy™). hiL2 possesses a Kd
of approximately 10”M with respect {0 the intermediate affinity CD122/CD132 (TL20y)
receptor complex. hIL2 possesses a Kd of approximately 107U M with respect to the high 112

affinuty receptor complex.
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[00018] L2 Beceptor Expression: The 12 receptors are expressed on the surface of

most lymiphatic cells, in particudar on T cells, NK cells, and B cells, but the expression level
18 variable and is dependent on a variety of factors include the activation stage of the cell.
Inactive T cells and NK cells express almost exclusively the intermediate-affinity dimeric IL2
receptor, consisting of the two signaling receptors, CD122 and CI¥32 and demonstrate
comparatively low responsiveness to IL2 since they predominantly express the intermediate
affiity CD122/CD132 complex which has comparatively low affinity for 1L2 relative to the
{D25/CDB122/CD132 high affinity receptor. In contrast, activated T cells and regulatory T
cells express the trimerie high-atfinity 1L.2 receptor consisting of CD25, CD122 and CDI32.
TCR activated T cells (e, so called “antigen experienced” T cells) express the high-affinity
trimeric IL2 receptor. T cells, including tumor infiltrating T cells (“TiLs”) and tumor
recognizing cells, upregulate the CD2ZS and CD122 upon receiving a T eell receptor {TCR)
signal (Kalia, et al. (2010} Invounity 32(1) 91-103. The upregulation of CD2S5 and CDI22
receptor in response to receiving a T cell receptor (TCR) signal renders the antigen activated
T cell highly sensitive to the IL2 cyiokine. Although, Tregs constitutively express CD25, and
therefore express the tugh atfiruty trivoeric IL2 receptor, TCR-activaied T cells express higher
levels of the trimeric receptor than regulatory T cells. As a consequence, the expansion of
antigen activated T cells in antigen-challenged hosts significantly ouipaces the expansion of
Tregs. (Humblet-Baron, et al. (2016) J ABergy Clin Tmmunol 138(1); 200-209 e208).

[Bo011]  1L2/1L2 Recepior Interaction: Monomeric .2 forms a complex with both the

frimeric “high affinity” form of the IL2 receptor and the dimeric intermediate affinity
receptor {Wang, ef al. {2005} Science 310:159-1163) through binding to the extracelivlar
domains of the receptor components expressed on the cell surface. The binding of IL2 to
CD25 induces a conformational change in 112 faciltating increased binding to CD122. 112
mutants, mimicking the CD25 binding-induced conformational change demonstrate increased
binding to CD122 (Levin, ef af. (2012} Nature 484(7395); 529-533). The association of
C3132 provides formation of the dimenc mtermediate-affinity or trimeric lagh-affinity
receptor complexes which are assoctated with intracellular signaling. In addition to
providing intracellular signaling via the JAK/STAT pathwav {e.g. phosphoryiation of
STATS) and other cellular systems, the interaction of hIL2 with the hIL2 lngh affimity
trimernte receptor on a cell initiates a process by which CD122 15 internalized, the membrane

bound form of D25 is released from the activated cell as a soluble protein {referred {o as
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“soluble CD257 or “sCD257} as well as tnggering the release of IL2 endogencusiy produced

by the activated cell which 1s capable of acting in an autocrine and/or paracrine {fashion.

[00012]  LUse of 1L.2 inthe Treatment of Human Cancers: Recomsbinant hiL2 s

indicated for the treatment of human adults with metastatic melanoma and metastatic renal
cell carcinoma. Therapeutic application of High Dose hIL2 (HD-hIL2Z) induces tumor
rejection in highly immume miiltrated melanomas and renal cell carcinomas {Atkins, ef al.
{1999} J Clin Uncol 17(73:2105-2116). However, HD-hiL.2 therapy is associated with severe
dose limiting toxicity, including impaired neutrophi! function, fever, hypotension, diarrhea
and requires expert management. Duicher, et al. (2014} I Tmmumother Cancer 2{1}; 26. HD-
hiL2 treatment activates most lymphatic cells, including natve T cells and NK cells, which
predominantly express the intermediate affinity receptor {CD122/CD132} and D25+
regulatory T cells (Tregs), which express the high affinity tnimeric receptor
(CD25/CD122/CD132). HD-hILZ monotherapy may also induce generalized capillary leak
syndrome which can lead to death. This limits the use of HD-1L2 therapy to mostly vounger,
very healthy patients with normal cardiac and pulmonary function. HD-IL2 therapy is
typically applied m the hospital setting and frequently requires admission {0 an intensive care
it

00137 Clinical expenence demonstrates that HID-1L.2 treatment activates naive T
cells and NK cells, which predominantly express the intermediaie affinity receptor as well as
CD25+ regulatory T cells (Tregs) which mediate the activity of CD38+ T cells. Due {o their
constitutive expression of {25, Tregs are particularly sensitive to IL2. To avoid
preferential activation of Tregs, L2 variants have been developed and miroduced into
chnical development, which are designed to avoid binding to CD25 and possess enhanced
binding to the miermedate affiouy CDI22/CD132 receptor to activate NK cells and
gquiescent CD8+ T cells. Such IL2 muteins are often referred to in the hiterature as “non-a-
[L27 or “Biv-IL27 muteins. However, such “non-a-IL2” or “Biy-IL2” muteins, by virtue of
their reduced binding to UD23, also avoid binding to the antigen activated T cells which have
been identified as the primary mediators of anti-tumor T cell response (Peace, B. 1. and
Cheever, M. A (1989} § Exp Med 169(1):161-173).

{00614}  Additionally, preclinical experiments have implicated NK cells as the
dominant mechanism for IL2 mediated acule toxicity. Assier E, et al. 2004} J Immunol

172:7661-7668. As NK cells express the intermediate affinity (CDI122/CD132; /vy 1L2
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receptor, the nature of such B/y-1L2 muteins is to enhance the proliferation of such NK cells
which may lead to enhanced toxicity. Additionally, although Tregs are associated with
down-regulation of CD&+ T cells, Tregs have also been shown to himit the L2 mediated off-
tamor toxicity (L4, ef ol (2017) Nature Communications 8(111762).  Although nilnic oxide
synthase inhibitors have been suggested to ameliorate the symptoms of VLS, the comumon
practice when VLS is observed is the withdrawal of 1L.2 therapy. To mitigate the VLS
associated with HD IL.2 treatment, low-dose 112 regimens have been tested in patients.
While low dose IL2 treatroent regimens do partially mitigate the VLS toxicity, this lower
toxicity was achieved at the expense of optimal therapeutic results in the treatment of
neoplasms.

{08615)  In light of the pluripotent effects of BIL2 and s demonstrated ability 1o
modulate the activities of a wide variety of cell tvpes associated with buman disease, 112
muteins that retain certain desirable features of the native molecule while minimizing

undesirable features, depending on the therapeutic context, remain an active area of research.

SUMMARY OF THE DISCLOSURE

[866i6]  The present disclosure relates fo human interieukin-2 (1L2) muieins exhibiting
modified binding properties to one or more IL2 receptors and their use in the treatment of
neoplastic disease. The hIL2 muteins of the present disclosure retain the desirable biological
functions of 1L.2 such as T cell proliferation and cytotoxic activity for antigen activated T
cells without the systemic toxicity associaied with HD IL2 treatment. Additionally, the
composttions of the present disclosure demonstrate significantly lower levels of NK mediated
toxicities including bt not hoited to capillary leak syndrome when comparad to wild-type
1.2 or B/y-IL2 vuteins. The hiL2 nwteins of the disclosure retain binding to CD25 and
CD 122 but exhibit dinunished binding to CD132 and preferentially activate CD25+ T celis
relative to NK cells.

{0017} 1L2 Muteins: The present disclosure provides compositions comprising and
methods emploving a human IL2 (“hIL27) mustein useful in the treatment and/or prevention
of neoplastic disease, wherein the hIL2 nwten exhibits decreased binding affinuty for CD132

relative to wild-type hIL2Z ("wt hiL27}. In some embodiments, the hiL2 mutein exhibits
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decreased binding affimity for CDM 32 relative to wt hiL2 and retains significant binding
affimity for CD122 and/or CD2S. In some embodiments, the hIL2 mutein exhibits decreased
binding affinity for D132 relative to wit hiL2 and retains binding affinity for CD122
comparable to or greater than wt hiL2. In some embodiments, the hiL2 mutein exhibits
decreased binding affinity for CD132 relative to wit hiL2 and retains binding affimity for
CD25 comparable (o or greater than wt hiL2. In some emboduments, the hiL2 routein
exhibits decreased binding affinity for CD132 relative to wt hiL.2 and retains binding affiruty
for CD122 and D25 comparable to or greater than wt hiL2. In some embodiments, the hil.2
mutein exhibits decreased binding affinity for CD132 relative to wi hiL2 and demonstrates
increased binding affinity for CD122 in the presence of CD25, membrane bound CD25 or
sCD25, comparable io or greater than wi hiL2. In some embodiments, the hiL2 mutein
exhibits decreased binding affinity for CD132 refative to wi hiL2 and demonsirates increased
binding affiouty for CD122 1o the presence of sCD23 comparable to or greater than wt hiL2.
In some embodiments, the hiLZ mutemn exhibits decreased binding affintty for hCD132
relative to wt hiL2 and demonstrates increased binding affinity to the hCD25/h{D122
receptor complex and/or the hugh affuuty hCD2S/hCDI22/MCD132 receptor complex relative
to wthiL2. In one aspect, the present disclosure provides hiL2 muteins exhibiting sigruficant
or enhanced binding affinity for hCD25 and reduced binding affinity for the extracellular
domain of hCP132 receptor as compared to wi hIL2. In some embodiments, the hiL2
mutens of the present disclosure comprise one or more anmino acid substitutions that decrease
{13132 receptor binding. In some embodiments, the one or more amino acid substitutions
that decrease CD132 receptor binding affinity are selected from aming acid modifications at
posttions 18, 22, and 126 of the hIL2 mudein, numbered in accordance with matare wi hiL2.

{00018}  Methods of Use in Neoplastic Bisease: The present disclosure provides a

method for the prevention and/or treatment of neoplastic disease in a mamimalian subject in
need of treatruent or prevention, the method comprising the step of administering to the
subject a therapeutically or prophyvlacticallv effective aroount of an hiL2 mutein {0 a subject
in need of treatment, wherein the hiL2 mutein is selected from an hiL2 that: (a) exhibits
decreased binding affinity for CD132 relative to wt hiL2; (b) exhibiis decreased binding
atfinity for CD132 relative to wi hIL2 and retains significant binding affimity for CD122
and/or CD25; (¢) exhubiis decreased binding atfinity for CD132 relative to wt hiL.2 and

retains binding affinity for CD122 comparable to or greater than wt hiL2; {d} exhibits
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D25 comparable to or greater than wit hiL2: (¢}, exhibits decreased binding affinity for
CD132 relative to wt hiL2 and retains binding affiuty for CD122 and CD25 comparable to
or greater than wt hiL2; (f) extubits decreased binding affinity for CD132 relative to wt hilL2
and demonsirates increased binding affimity for CD122 comparable {o or greater than wi hiL2
10 the presence of CD25; or (g) exhibits decreased binding affinity for CD132 relative to wi
hil.2 and demonstrates increased binding affinity for CD122 relative to wt hilZ in the
presence of sCD25.

[00619]  In some embodiments, the method further comprises the step of admunistering
1o the marmmalian subject one or more supplementary agents, including but not lirnited to one
or more of chemotherapeutics, immume checkpoint modulators, radiotherapy and/or phvsical
interventional treatment methods such as surgery.

[00020]  In soroe embodiments, the supplementary agent 1s a therapeutic antibody. In
some embodiments, the therapeutic antibody binds 10 a tumor cell antigen.

{60621}  In some embodiments, the supplementary agent t5 an immune cell. In some
embodiments, the immune cell 18 an engineered immune cell, which mcludes but 1s not
hinmuted to a CAR T cell, an engineered NK cell, a TCR engineered cell, or an engineered
Treg, or a cell population comprising one or more such engineered immume cell. fn some
embodiments the immune cell is a tumor infiltrating tymphocyte (TIL} or cell population
comprising one or roore TiLs. In somwe embodiments, the present disclosure provides a
method of treatment of the subject with an 112 routein of the present disclosure wherein the
administering resulis in a serum concentration of the IL2 mutem in the subject at a leval
sufficient to promote proliferation of T cells expressing the high-affinity 1L2 receptor {e.g.
antigen activated T cells) but below the concentration sufficient o substantially induce
activation of T-cells expressing primarily the intermediate affinity receptor {e.g., NK cells}.

{60622  The present disclosure further provides nucleic acids encoding the hilL.2
miuteins of the present disclosure,

{00023]  The present disclosure further provides recombinant vectors comprising a
nucleic acid encoding the hiL.2 muteins of the present disclosure operably linked to one or
more expression control sequences operable in the host cell employed for recombinant

production.
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[66024]  The present disclosure further provides a methed for the prevention and/or
treatment of neoplastic disease in a mammalian sabject in need of treatment, the method
comprising the step of administering to the subject a therapeutically or prophylactically
effective amount of a nucleic acid encoding an hiL2 mutein of the present disclosure or
recombinant vector encoding an hIL2 mutein of the present disclosure. In some
embodiments, the recombinant vector may be a non-viral vector {e.g. a plasmid or other non-
viral delivery system} or a viral vector including replication competent, replication deficient,
and conditionally replicating viral vectors.

[00625]  The present disclosure further provides engineered cells comprising a
recombinant vector, the recombinant vector coraprising a nucleic acid encoding a hil.2
mutein of the present disclosure operably linked to one or more expression conirol sequences.

[86626]  The present disclosure further provides a method for the prevention and/or
freatment of neoplastic disease 1o a manunalian subject in need of treatment, the method
comprising the step of administering to the subject a therapeutically or prophyvlactically
effective quantity of engineered eukaryotic cells, the engineered eukaryotic cells comprising
a recombinant vector, the recombinant vector comprising a nucleic acid encoding a hit.2
mutein of the present disclosure operably inked to one or roore expression conirol sequences
operable in a eukarvotic cell. In some embodiments, the eukaryotic cell is a mammalian cell.
In some embodiments the mammalian cell 1s an immune cell. In some embodiments, the
mammalian immuane cell may be an engineered immume cell.

{000277  The present disclosure further provides modified versions of the hIL2 mutems
of the present disclosure wherein the hil.Z muteins are modified to increase their duration of
action 1n a mammalian subject. Examples of such modifications include but are not Himitied
{o coujugation to one or more carrier proteins, PEGylation, acvlation, or aroino acid sequence
modifications. substitutions or deletions of the hilL.2 mutein.

[86628]  The present disclosure further provides methods of making the hiL2 muteins
of the present disclosure. Exaroples of such methods of making the hiL2Z muteins include but
are not limited to recombinant production n prokaryotic or eucarvotic cells or chenucal
synthesis.

[860629]  The present disclosure further provides pharmaceutically acceptable
formulations of the hiL.2 muteins of the present disclosure or recormbinant vectors comprising

a nucleic acid sequence encoding the hiL2 mutein operably linked to one or more expression
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control sequences active in the target cell. In some embodiments, the pharmaceutically
acceptable formulation may comprise one or more supplementary agents.

[00038]  The present disclosure provides a method for the prevention and/or treatment
of neoplastic disease in a mammalian subject the method comprising the step of
admunistering o the subject a pharmaceutically acceptable dosage form comprising a
therapeutically or prophylactically effective arnount of an hiL2 mutein or vector encoding a
hiLZ mutein of the present disclosure to a subject in need of treatment.

{66031}  The present disclosure further provides a kit, the kit comprising a
pharmaceuiically acceptable dosage form of an hIL2 mutein of the present disclosure and
nstructions for use. The pharmaceutical dosage form may be provided in a pre-filled
syringe. The kit may optionally further provide a quantity of a solution for admixture with
the pharmaceutically acceptable dosage form of an hiL2 mutein, wherein the solution
mcludes but is not limited to one or more of diluents, reconstifution buffers, activating agents,
formulants, toncity agents, or components of a controlied release formulation including but
not limited to biodegradable or biocerodibie biocompatible polvmers. The kit may optionally
provide a pharmaceutically accepiable formulation of comprising one or more supplementary
ageots. The kit may optionally include medical devices to facilitate administration {e.g. a
syringe, or automjector device). The kit may also provide one or more components for
maintaining the kit and s components ai a refrigerated temperature for extended periods of
fime such as one or more gel ice packs and/or mnsulated packaging.

980321 Garcia, ef ol (International Apphication Number PCT/USZ018/062122, PCT
International Publication No. WO 2019/104092 Al published May 31, 2019, hereinafier
“QGarcia 0927} describes certain L2 muteins having modifications including positions 18, 22
and 126 that, among other things, exhibit dimirushed binding for CD 132 while retaining
partial IL2 activity that are useful in the practice of the presently describad methods.

[86633]  In some embodiments, the disclosure provides a method of ireafing a subject
suffering from a neoplastic disease, disorder or condition by the admnisiration {0 said subject
of polvpeptide that 1s at feast 95% homologous 1o a polypeptide of the formula: 1:

060347 (AADa-(AAZB-(AA3-(AADd-LAAS )e-{ AAG-(AATIZ-(AAB-(AAIR-
TiG-Q11-L12-Q13-L14-E15-H16-L17-(AAI8-L19-D20-L21-(AA22-M23-
124-1.25-N26-G27-128-N29-N30-Y31-K32-N33-P34-(AA35)-L.36-T37-
{AA3E{AA3D-LA0-T41-F42-K43-F44-Y45-M46-P47-K48-K49-A50-TS1-

- 10 -
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E52-L53-K54-{ AASS}-L56-057-C'58-L59-E60-B61-F62-L63-K64-P65-L66-
C67-E68-( AAG9)-LT0-NT1-L72-AT3-(AAT4)-875-K76-NT7-FT8-H79-( AAR0-
(AARD)-PRZ-RE3-DE4-{AARS-{AASE)-SS8T-NES-(AARD)-NIO-(AADL )
(AAY2)-V93-L94-E95-LIG6-(AASTI-G98-§99-E100-T101-T102-F103-
(AAT04)-C105-E106-Y 107-A108-(AA109)-E110-T1H1-AT12-(AA113)-1114-
V115-E116-FI7-L118N119-R120-W121-1122-T123-F124-(AA 125)-
(AA126)-8127-1128-1129-(AA130)-T131-L132-T133

wherein:

cach of a, b, ¢, d, e, f, g, h, and 1 1s mdividually selected from O or 1
AAL s A (wild type, a=1) or deleted (a=0);

AAZ2 i3 P (wild type, b=1) or delated (b=0),

AAZ s Tiwildwype, ¢=1), C, A, G, Q. E, N, D, R, K, P, or deleted {¢=0);

AA4 15 8 (wild type, d=1) or deleted (d=0);

AAS i3 8 (wild type, e=1) or deleted (e=(0);

AAG s S (wild type, =1) or deleted (£=0);

AAT 15 T {wild type, g=1) or deleted (g=0},

AAR s K (wild type, h=1) or deleted (h=0};

AA9 s K {(wild type, 1=1) or deleted (i=0);

AAISISL (wildtvpe) or R LG M FEH W K. Q.5 V. LY. . Dor T,
AA22 s Q(wildtype) r F E G AL MF W K S VLY. HRERNDT orF;
AA3S s K (wildtype} or E;

AA3S s R (wild type), W or G;

AA39 s M (wildiype), L or V;

AASS s H (wildivpey or Y,

AAGY 15V (wildtype) or A;

AAT4 s G (wild type), P, N, H, §;

AARD s L (wild type), For V;

AASTisR{wildtvpe), LD or T

AABS s L{wild type)y or V,

AABG s T {wild typeyor V;
AABY s 1 {wild type} or V;
AAD2 1 1 (wild type) or F,
AATT s K {wild type} or ¢

B
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AATO4 15 M {wild type) or AL

AATOD 18 D (wildlype), C or anon-natural amuno acid with an activated side chan;
AALT3 18 T {wild type) or N;

AAIZS 5 C {wild type), A or §;

AAR s Qiwildtype)or HH MK, C.DE G LR, S or T) and

AAL301s S (wild typel, T, Gor R.

{00035] 1o some embodiments, the polvpeptide comprises the tollowing routations:

AALS 15 selected from the group consisting of L (wildtypejor R, L. G M, F, E . H, W K Q.
SVYV.LY.H DorT;

AA22 is selectad from the group consisting of Q (wildtvpeyor FLE, G, AL, MU F, WKL S,
VLY, LR N, D, T, orF; and

AAT26 18 selected from the group consisting of Q (wild typeyor HL ML K, C D E, G L RS,
orT.

[00636]  In some embodiments, the polyvpephide comprises the following mutations:

a::::O;

AALS 15 selected from the group consisting of L (wildtypejor R, L. G M, F, E . H, W K Q.
SVYV.LY.H DorT;

AA22 is selectad from the group consisting of Q (wildtvpeyor F E, G, AL, MU F, WKL S,
VLY, LR N, D, T, orF; and

AAT26 18 selected from the group consisting of Q (wild typeyor HL ML K, C D E, G L RS,
orT.

{00037 1o some embodiments, the polvpeptide comprises a set of mutations selected
from the following sets of mutations: L18R, 322E, and Q126H; L18R, Q22K and 3126K;
L18R, Q22F and Q126M: L18R, Q22F Q126T.L18R: Q22E; VOI1K: VOIR: O126H: L18R,
and Q126H; Q22E, and Q126H; LIRG, Q22F and QI126H; L18A, Q22F and Q126H; LISM,
0228 and Q126H: L18F, Q22E and Q126H; LISW, Q22F and Q126H: L18K Q22E and
Q126H: L18Q. Q22F and Q126H: LISE, Q22F and Q126H: L18S, Q22F and Q126H; L18V,
Q22F and QI26H; L18E Q22F and Ql26H; L18Y, Q2Z2E and Q126H; L18H, Q22E and
Q126H; L18N, Q22E and Q126H; L18D, Q22E and Q126H; L18T, Q22E and Q126H;
L18R, Q22G and Q126H; Li8R, Q22A and QI126HL18R, Q221 and QI126HL18R, Q22M
and Q126H;L18R, Q22F and Q126H:L18R, Q22W and Q126H,L18R, 022K and
Q126H:LISR, Q228 and Q126H:L1SR. Q22V and Q126H:L18R, Q221 and Q126H: L18R
(22Y and Q126H;LI8R Q22H and Q126H:L18R Q22R and Q126H:L18R Q22N and
Q126H;LI8R (3220 and (3126H; and LISR (227 and (3126H.
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[66038]  In some embodiments, the polypeptide is PEGylated. In some embodiments,
the PEG component of such PEGylated polypeptide has a molecular weight of {rom about
10k} 1o about 70kD. In some embodiments, the PEG component of such PEGylated
polypeptide has a molecular weight of from about 40kD.

[86639]  In some embodiments, the polypeptide is a fusion protein. In some
embodiments, the fusion protein comprises an Fo domain,

600487 Also provided is a nucleic acid encoding a polvpeptide as describad above or
elsewhere herein. In some embodiments, the nucleic acid 1s DNA

660417 Also provides is a recombinant expression vecior comprising the nucleic acid
as described above,

[86042]  In some embodiments, said vector is a viral vector. In some embodiments, said
veclor 18 a non~viral vector,

[00043]  Also provided is a host cell transformed with a vecior as described above,

[60044]  Also provided is a pharmaceutical formulation comprising a polvpeptide as
described above, the nucleic acids as described above or a vector as described above.

{00045  Also provided 1s a method of treating a mammahian subject suffering from
neoplastic disease disorder of condition comprising the adminisiration of a therapeutically
effective amount of pharmaceutical formulation as described above. In some embodiments,
said method further comprises the administration of a supplementary agent to said subject. In
some embodiments, said supplernentary agent 1s selected from the group consisting of
chemotherapeutic agents, antibodies, immume checkpoint modulators, Tils, CAR-T celis,
and physical methods. In some embodiments, the supplementary agent s an immune
checkpoint modulator. In some embodiments, the immuone checkpoint modulator is an anti-
PI3-1 or anti-PD-L1 antibody. Tn some embodiments, the supplementary agent is an anitbody
selecte from the group consisting of [fami-trastuzumab denixtecan, enfortumab vedotin,
polatizumab vedotin, cemiplimab, moxeturmomab pasudotox, mogamisumab,
fildrakizumab,ibalizumab, durvalumab, inctuzumab, orogamicin, avelumab, aterolizumab,
olaratumab, ixekizumab, aratumumab, elotuzumab, necituroumab, dinuiuximab, nivolumab,
blinatumomab, pembrolizumab, ramucinumab, siltuximab, obimuturumab, ado-trastuzumab
emtansing, pertuzamab, brentuximab vedotin, ipilimumab, ofatumumab, certolizamab pegol,
catumaxomab, parutumumab, bevacizumab, cetuximab, fositumomab-1131, ibritumomab

fiuxetan, genvtuzumab, orogamicin, trastuzumab, mfliximab, ntuximab, and edrecolomab.
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[88048]  In some embodiments, the neoplastic disease disorder or condition is selected
from the group consisting oft adenomas, fibromas, hemangiomas, hyperplasia, atypia,
metaplasia, dysplasia, carcinomas, leukemias, breast cancers, sarcomas, leukemias,
lvmphomas, genitourinary cancers, ovarian cancers, urethral cancers, bladder cancers,
prostate cancers, gastrointestinal cancers, colon cancers, esophageal cancers, stomach
cancers, lung cancers; myelomas; pancreatic cancers; liver cancers; kidney cancers;
endocrine cancers; skin cancers; gliomas, neuroblasiomas, astrocytomas, myelodysplastic
disorders; cervical carcinoma-in-situ; iniestinal polyposes; oral leukoplakias; histiocytoses,
hyperprofroliferative scars including keloid scars, respiratory system carcinomas,
gastrointestingl svstem carcinomas, genitourinary system carcinomas, testicular carcinomas,
breast carcinomas, prostatic carcinomas, endocrine svstem carcinomas, melanomas,
adenocarcinomas, myeloproliferative neoplasms, myeloid and lymphoid disorders with
eosinophilia, myveloprohiferative/my elodvsplastic neoplasms, myelodysplastic syndromes,
acute myeloid leukenua and related precursor neoplasms, and acute leukemia of ambiguous
lineage, promyeloid leukemia (APML), acule myelogenous leukemia (AMLY} and chronic
myelogenous leukerma (CML), precursor lymphotd neoplasms, mature B-cell neoplasms,
mature T-cell neoplasms, Hodgkin’s Lymphoma, and immunodeficiency-associated
tvmphoproliferative disorders, lvmphoblastic leukemia (ALL) which includes B-lineage ALL
and T-lineage ALL, chronic lymphoeytic leukemia (CLL), prolvmphocytic leakemia (PLL),
hairy cell leukermua (HLL) and Waldenstrom's macroglobulinernia (WM). erythroblastic
feukemia and acute megakarvoblastic leukemia, malignant lymphomas including, but are not
limited to, non-Hodgkins lvmphoma and varianis thereof, peripheral T cell lymphomas, adult
T-cell leukemia/lvmphoma (ATL), cutaneous T cell hvrophoma (CTCL), large granular
tymphocytic leukenmua (LGF), Hodgkin's disease and Reed-Stemberg disease.

[86647]  In some embodiments, the method comprises administering {0 said subject a
therapeutically effective amount of an hIL2 mutein of sufficient to maintain a serum
concentration greater than about 30% of a pertod of ture of at least 24 hours at or above the
etfective concentration of the HL2 mutein sufficient {0 promote proliferanion of CD3-activated
primary human T-cells at or below a serum conceniration of such IL2 mutein sufficient to
induce activation of T-cells with respect to such IL.2 mutein.

BRIEF DESCRIPTION OF THE FIGURES
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[66048]  The imvention is best understood from the following detaiied description when
read in conjunction with the accompanyving drawings. It 15 emphasized that, according to
common practice, the various features of the drawings are not to-scale. Un the contrary, the
dimensions of the vanous features are arbitrarily expanded or reduced for clarity.

[80649]  Figure 1 of the attached drawings provides a graphical representation of
pSTATS levels as measured in NKL cells treated with 2937 transfection supernatant
containing the indicated IL2 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 particilar IL2 peptide evaluated associated
with the construct as identified by 1ts 3 letier abbreviation as described in the Examples.

{60030]  Figure 2 of the attached drawings provides comparative pSTATS activity in
CD23 posttive and CD25 negative YT cells treated with 2937 transfection supermatant
containing the mdicated T2 muteins {and controls) as described in the Examples. The
vertical axis is a measure of selectivity calculated as the ratio of the level of pSTATS activity
observed on D25 positive YT cells divided by the fevel of pSTATS activity measured on
CD25 negative YT cells and each bar indicates the level of activity of the particular IL2
peptide evaluated as identified by its 3 letter abbreviation as described in the Examples.

00651 Figure 3 provides data in tabular form illustrating that hiL2 muteins
demonsirated preferential pSTATS signaling activity relative to wild type hiL2 on CD2S
positive YT CD25 cells relative to the CD25 negative YT cells at various dilutions.

[(6052] Figure 4 provides data relating to the cell proliferation of 3F3 cells contacted
with hiL.2 muteins as more fully described in the specification and in Example 8.

(60053} Figure 5 provides data relating to the interferon gamma production from 3F8
cells contacted with hiIL2 mutemns as more fully described 1n the specification and in Example
8.

(36054} Figure 6 provides data regarding the expression of the componentis of the 1L-2
receptor on YT CD25 cells was verified by fluorescent flow cvioretry Panel A
demonstrating expression of U325 (1L.2Ra), panel B demonstrating expression of C122
(1L2Rb}, and panel C demonstrating expression of CD132 (JL2R@) by YT CD25 NKL cells.
Filled histograms indicate stained cells and dashed hisiograms indicate unstained control

cells. Gates indicate the percent positive cells for each stain,

[000G5S] Figure 7 provides data illustrating that wt hiL-2 and STK-012 induced
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proliferation of NKL cells in a similar dose range demonstrating that STK-012 retains the

ability 10 induce pSTATS in a human immune cell comparable to wt hiL2.

(00036} Figure § provides data relating to the percent P-STATS-positive cells for the
mdicated call lines after treatment with wild-type HL.-2 (Panel A) or STK-012 (Panel B).
Trend lines calculated by a 4-parameter fit are shown. The x-axis indicates protain
concentration on a logl 0 scale. Values {or untreated cells are mdicated on the v-axis.

[(857] Figure 9 provides data relating to the swrvival of mice treated with the various
dosages and agents listed and as more folly described in the specification.

(0058} Figure 10 provides data relating to the water content of the lungs of mice
treated with roll-2 or STK-014, calculated as the differences between the weight of the wet
lung nunus the lung after desiceation. Lungs were harvested at the end of the study or at the
fime of prematire ternunation or death (in miL-2 treated animals}.

[(0039] Figure 11 provides data relating to lung weight as a percentage of bodyvweight
of nuce treated with miL-2 or STK-014 at the various dosages indicated. Lungs were
harvested at the end of the study or atf the time of premature termination or death (in miL-2
freated animals).

(00060} Figure 12 provides data relating to turnor volume over the course of a CT-26
colon carcinoma model study in mice in response to STK-014 treatment, PEGmILZ and
conirols.

(36061} Figure 13 provides data relating to imymmohistochemical evaluation of
relating to the intratumoral expansion of CD8+ and CD8+ CD25+ T cells in response to
STK-014 1in a CT-26 colon carcinoma model study.

(60062} Figure 14 provides data relating to immunochistochemical evaluation of
relating to the expansion of CD25+ T cells in the spleen of nuce o response to STK-014 na
CT-26 colon carcinoma model study.

06663 Figure 15 provides data relating to the tumor volume {y-axis) over the course
of the MC38 colon carcinoma model i muce iflustrating the change in tumor volurme over
fime in response to STK-014 and PEG-miL-2.

(0064} Figwre 16A and Figure 16B provides data relating to the quantification of
CDB+ T eells and CD25+ CDE+ T cells by THC, respectively, within MC38 tumors at the end

of the treatment mderval with STK-014 and PEG-miL-2.
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[3665] Figure 17 provides data relating {o the intratumoral {8+ T cell {o regulatory
T cells in MC38 tumors at the in response to treatment with STK-014 and PEG-miL-2.

[006066] Figure 18 provides data relating o the quantitation by IHC analysis of CD8+
T celis and Tregs in M{O38 tumors at the end of the treatment period.

(36067} Figure 19 provides data relating to changes in body weight amount in mice in
the MC3¥ tumor model 1 response {o the treatments indicated.

[60068]  Figure 20 provides data relating to tumor volume in an M{3¥ tumor model in
mice in response o treatment with STK-014 in combination with anti-PD-1 treatment.

000691 Figure 21 provides data relating to the levels of intratumoral T cells in MC38
tumor model in mice in response to treatiment with STK-014, an anti-PD1 antibody and the
combination of STK014 and anti-PD-1 treatment.

[B0078]  Figure 22 provides data relating systemic exposure al varous doses of STK-
012 as evaluated n nov~human primates. Concentration of STK-012 {dosed as indicated day
1/ day 8} compared to one dose of Proleukin {equivalent to high dose (HI3) Proleukin},

{60071} Figure 23 provides data relating to pSTATS in response to STK-012 in a non-
human primate FACS avalysis for P-STATS 1n CD253+ CD4+ T cells isolated from STK-012
treated cynomolgus monkevs demonstrating that a single dose of STK-012 induced sustained
p-5TATS signaling for 7 days.

{00672]  Figure 24 provides data relating to STATS phosphorviation (Y-Axis} in
relation to STK-012 serum conceniration in three cell types from peripheral blood (CD25-
C1122- CO8+ T cells, CD25+ CD122- CD8+ T cells and CD25+ CHI22+ COR+ T cells in
the relation to the serum concentration of STK-012.

{00731 Figure 25 provides data relating STK-012 (0.1/0.35mg/kg} induced

{60074}  Figure 26 provides data relating to the concentration of memory T celis of

CD8 T tells in NHP i response o STK~012.

DETAILED DESCRIPTION
[#9075]  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-hioiting and should be read i view of the knowledge of one of skill

in the art would know.
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[6076]  Before the present methods and compositions are described, it is to be
understood that this invention is not limited to particular method or composition deseribed, as
such may, of course, vary. 1t1s also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only and is not intended o be limiting.

{86677  Where a range of values is provided, it 1s understood that each intervening
value, to the {enth of the unit of the lower hinut unless the context clearty dictates otherwise,
hetween the upper and lower limits of that range 15 also specifically disciosed. Each smaller
range between anv stated value or infervening value in a stated range and any other stated or
mtervemng value in that stated range is encompassed within the invention. The upper and
lower limits of these smaller ranges may independently be included or exciuded in the range.
and each range where etther, neither or both limits are included n the smaller ranges is also
encompassed within the invention, subject (o any specifically excluded Hmit in the staled
range. Where the stated range jnchudes one or both of the limits, ranges excluding etther or
both of those mncluded linuts are also included in the mvention.

[06078]  Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as conwnonly understood by one of ordinary skill in the art to which this
invention belongs. Although anv methods and materials simmilar or equivalent to those
described herein can be used in the practice or testing of the present invention, some potential
and preferred methods and matenials are now described.  All publications mentioned herein
are ncorporated herern by reference to disclose and describe the roethods and/or materials in
connection with which the publications are cited.

[66079] 1t should be noted that as used herein and in the appended claims, the singular
forms "a", "an", and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference 1o "a cell” mcludes a plurality of such cells and
reference to "the peptide” includes reference 1o one or more peptides and equivalents thereof,
e.g. polypeptides, known to those skilled in the art, and so forth.

[60088]  The publications discussed herein are provided solely for their disclosure prior
to the filing date of the present application. Nothing herein is to be construed as an admission
that the present invention is not entitled {o antedate such publication by virtug of prior
mvention. Further, the dates of publication provided may be different from the actual

publication dates which may need o be independenily confirmed.
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{66081}  Unless indicated otherwise, parts are parts by weight, molecular weight is
weight average molecular weight, temperature is in degregs Celsius (°C), and pressure is at or
near atmospheric. Standard abbreviations are used, bp = base pair(s); kb = kilobase{s); s or
sec = second{s); min = munute{s); h or hr =hour{s}, AA or aa = amino acid{s}); kb =
kilobase(s), nt = nucleotide(s}; pg = picogran, ng = Nanogram; jg = merogram; mg =
malligram; g = gram; kg = kilograny pl = picoluer(s); dl or dl. = decilter; yl, wl or ylL =
microbiter; mi or mb = milliliter; | or L = hiter; uM or uM= micromolar; pM = picomolar; nM
= panomolar; fm = femtomolar; mM = mullimolar; M = molar; kDa = kilodalton; SC or SO =
subcutaneous{lyy, QD = daily; QW = once weelkly; QM = once monthly; BW = body weighi;
U = umt; ns = not statistically significant; PBS = phosphate-buffered saline; HSA = human
serum albumin; MSA = mouse serum albumin; as well as those abbreviations provided in

Table 1 below:

Table 1. Additional Abbreviations
Abbreviation Description
ADA Anti-Drug Antibodies
ADCC antibody-dependent cell-mediated cytotoxacity
AEC Aunton Exchange Chromatography
ALT Alanime fransaminase
AST Aspartate Transaminase
AUC Area Under the Curve {(pharmacological exposure)
BID Twice daily
CD3+ T cell Cytotoxic CP8+ T cell
clULN Ciinical Laboratory Upper Linmt of Normal
Croax Maximum drug concentration
Crin Minimum drug concentration
CR Complete Response (No Measurable Residual Tumor)
CRC colorectal carcinoroa
CTCAE Common Terminology Criteria for Adverse Events
DLT Drose Limiting Toxicity
FECG Electrocardiogram
BECOG Eastern Cooperative Oncology Group
EDTA Ethylenediaminetetraacetic acid
ELISA Enzyvme-Linked Iovmunosorbent Assay
HIC hydrophobic mteraction chromatography
HNSTD Highesi Non-Severely Toxic Dose
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Table 1l Addiionsl Abbreviations

Abbreviation Description
HP-IEC High Performance lon Exchange Chromatography
HP-SEC High Performance Size Exclusion Chromatography
HPLC High Performance Liquid Chromatography
IEF Isoelecine Focusing
IFNg, IFNy Interferon gamma
HC Inmunolustochemistry
D orud {ntradermally
iMorim Intramuscularly
Voriv. Intravenous
KD Equilibriure Dissociation Constant
kDa kilodalton
LAL Limulus Amebocyte Lysate {Endotoxin Assay)
LC/MS liquid chromatography-—mass spectrometry
MCB Master Cell Bank
MTD Maximum Tolerated Dose
w/d; nd not detectabie; not detected; below limit of detection
NHL Non-Hodgkin’s Lymphoroa
NHP Non-Human Primate
NK Natural Killer cell
nM Nanomolar (10-9 Molar)
NSG NOD-scid-IL2ZRy-null imomune compromised mouse sirain
PCR Polymerase Chain Reaciion
PEG Polvethvlene glveol
PK Pharmacokinetics
q.d.;qg Latin: gquaque dig; “once per day”™
g.0.d,. god Latin: quaque die; “once per day”
RP-HPLC Reversed Phase HPLC
RT-PCR Reverse Transcriptase Polyvroerase Chain Reaction
SAE Serious Adverse Hvent

SC ors.c

Subcutaneous

SDS-Page

Sodium Dodecyl Sulfate Polyacrviamide gel electrophorasis

SEC Size Exclusion Chromatography
Tin Half life
TK Toxicokinetics
TILAs) Tumor Infiltrating Lymphocytes
UF/DF Ultrafiltration/Dnafiliration

- 20 -
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660821 It will be appreciated that throughowt this disclosure reference is made to

amino acids according fo the single letter or three letter codes. For the reader’s convenience,

the single and three letter aming acid codes are provided in Table 2 below:

Table 2. Amino Acid Abbraviations

G Glycme Gly
P Proling Pro
A Alanine Ala
A Valine Val
L Leucine Leu
i Isoleucine He

M Methionine Met
C Cysteine Cys
F Phenvialanine Phe
Y Tyrosine Tyvr
W Tryptophan Trp
H Histidine His
K Lysine Lys
R Arginine Arg
O Glutamine Gin
N Asparagine Asn
E Ghtamic Acid Gla
D Aspartic Acid Asp
S Serine Ser
T Threonine Thr

[66083]  Standard methods in molecular hiclogy are described in the scientific literature

{see, e g, Sambrook and Russell (2001) Molecular Cloning, 3rd ed., Cold Spring Harbor

Laboratory Press, Cold Spring Harbor, N.Y .. and Ausubel, ef ¢l {2001} Cuwrrent 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 protemn purification, mncluding

immunoprecipitation, chromatography, electrophoresis, centrifugation, and crystalization, as

well as chemical analysis, chemical modification, post-transiational modification, production

of fusion proteins, and glvcosylation of proteins (see, e.g., Coligan, et al. (2000} Current

Protocols in Protemn Science, Vols, 1-2, John Wiley and Sons, Inc., NY).
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[66084]  Unless otherwise indicated, the following terms are intended to have the

meaning set forth below. Other terms are defined elsewhere throughout the specification.

Definitions;

[60088]  Activaie: As used herein the term “activate” is used in reference to a receptor
or receptor complex to reflect the biclogical effect of the binding of an agonist ligand to the
receptor. Activators are molecules that increase, activate, facilitate, enhance activation,
sensitize, or up-reguiate, e.g., a gene, protein, ligand, receptor, or cell. For example, the
binding of an TL2 agonist to an 1L2 receptor (e.g., the high atfinity CD25/CD122/CB132
receptor complex) “activates” the signaling of the receptor to produce one or roore
intracellular biclogical effects {e.g. the phosphoryiation of STATS).

[B0086]  Activitv: As used herein, the term “activity” is used with respect to a molecule
to describe a property of the molecule with respect to atest svstem {e.g. an assay}, a
hiological or chemical property of the molecule {e.g , the degree of binding of the molecule to
another molecule) or of a phvsical property of a material or cell {e. g modification of cell
membrane potential.  Examples of such biological functions include but are not imited (o
catalytic activity of a biological agent, the ability to stimulate miracellular signaling, gene
expression, cell proliferation, the ability to modulate immumological activity such as
inflammatory response. “Activity” is typically expressed ag a biological activity per unit of
admimstered agent such as [catalviic activity )/ mg protein], immunoclogical activity /img
protein], mternational uotis (FU) of activity, [STATS phosphorylation{/[mg protein], [T-celi
profiferation}/{mg protein], plague forming units {pfu), ete.

{86087  Administer/Admimistration: The terms “administration” and “administer” are

used interchangeably herein o refer the act of contacting a subject, inchuding contacting a
cell, tissue, organ, or biological fluid in vitro, in vive and/or ex vive of a subject with an agent
{e.g. an hiL2 mutein, a vector encoding a hiL2 mutein, an engineered cell expressing an hiL.2
mutein, a chemotherapeutic agent, an antibody, or a pharmaceutical formilation comprising
one or more of the foregong). Administration of an agent may be achieved through any of a
variety of art recognized methods including but not hmited 1o the topical administration,
intravascular injection (including intravenous or infraarterial infusion}, intradermal injection,
subcutaneous mjection, intramuscular injection, intraperitoneal mjection, intracranial
mjection, intraturooral injection, transdermal, transmucosal, iontophoretic delivery,

jpip)

it et
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mtraly mphatic mjection, infragastric infusion, intraprostatic mjection, intravesical infusion
{e.g., bladder), mnhalation (e.g., respiratory inhalers including drv-powder inhalers},
miraocular injection, intraabdominal injection, intralesional injection, intracvarian ijection,
intracerebral infusion or injection, infracerebroventricular injection {ICV1), and the like. The
term “admimstration” includes contact of an agent {o the cell, tissue or organ as well as the
contact of an agent to a flwid, where the fluid 15 in contact with the cell. The term
“administration” mcludes the ex vivo contact of a cell {(or population of celis) that may be
isolated from a subject and contacted with an agent and the cell {or population of cells) is
admunistered (o the same subject (g.g., autologous cell transfer) or a different subject {e.g.,
allogeneic cell transfer).

[60088]  Adverse Event: As used herein, the term “adverse event” refers to anv
undesirable experignce associated with the use of a therapeutic or prophylaciic agent in a
subject. Adverse events do not have 1o he caused by the admanistration of the therapeutic or
prophyvlactic agent {e.g the 1L.2 mutein} but may anse from unrelated circunstances.
Adverse events are tvpically categorized as mild, moderate, or severe. As used herein, the
classification of adverse events as used herein 15 in accordance with the Common
Termunology Critena for Adverse Evenis v3.0 {CTCAFE) daied 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.

[B0089F  Affinitv: As used herein the term “aflimity” refers to the degree of specific
hinding of a first molecule (e g. a ligand) 1o a second molecule (e g a receptor) and is
measured by the binding kinetics expressed as Kq, a ratio of the dissociation constant between
the molecule and its target Koy and the association constant between the molecule and its
target (Ken).

[60099]  Agonist: As used herein, the term “agonist” refers fo a first agent that
specifically binds a second agent (“target™) and interacts with the target to cause or promote
an increase in the activation of the target. In some instances, agonists are activators of
receptor proteins that modulate cell activation, enhance activation, sensitize cells to activation
by a second agent, or up-regulate the expression of one or more genes, proteins, hgands,
receptors, biological pathways, that may result in cell proliferation or pathways that resalt in
cell cycle arrest or cell death such as by apoptosis. In some embodiments, an agonist 1s an

agent that binds to a receptor and alters the receptor state resulting in a biological response
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that mimics the effect of the endogenous figand of the receptor. The term “agonist”
includes partial agonists, full agonists and superagonists. An agonist may be described as a
“full agonist” when such agonist which leads to a substantially full biological response (e
the response associated with the naturally occurring ligand/receptor binding interaction)
mduced by receptor under study, or a partial agonist. A "superagonist” is a type of agonist
that 15 capable of producing a moaximal response greater than the endogenous agorust for the
target receptor, and thus has an activity of more than 100% of the native higand. A super
agonist is typically a synthetic molecule that exhibits 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
response in an evaluable quantitative or qualitative parameter of the naturally occurring form
of the molecule when evaluated at similar concentrations in a comparable assay. With
respect to hIL2 muteins, the activity of the hil.2 mutein is expressed in accordance with
WHO International Standard (NIBSC code: 86/500) wild type mature hiL2 when evaluated
at similar concentrations in a comparable assay. I should be noted that the biological effects
associated with the full agorist roay differ in degree and/or in kind from those biclogical
effects of partial or superagonists. In contrast to agonists, antagonists may specifically bind
10 a receptor but do not result the signal cascade tvpically initiated by the recepior and may
to modify the actions of an agonist at that receplor. Inverse agonisis are agents that
produce a pharmacological response that 1s opposite 1 direction to that of an agorust,
[663091]  In contrast to agonisis, antagonists may specifically bind 1o a receptor but do
not resuii the signal cascade typically imitiated by the recepior and may to modify the
actions of an agonist at that receptor. A "superagonisi” 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 IL2 superagonist of the present disclosure
may have greaier than 110%, alternatively greater than 120%, alternatively greater than
130%, alternatively greater than 140%, alternatively greater than 150%, altermatively greater
than 160%. or alternatively greater than 170% of the activity of WHO International Standard
(NIBSC code: 86/500) wild tvpe mature hIL2 when evaluated at simuiar concentrations in a
comparable assay. Inverse agonists arg agents that produce a pharmacological response thal

s opposite 1o direction to that of an agornist,
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[66092]  Antagonist: As used herein, the term “antagomist” or “inhibitor” refers a
molecule that opposes the action{s) of an agonist.  An aniagonisi prevents, reduces, inhibits,
or newtralizes the activity of an agonist, and an antagonist can also prevent, inhibit, or reduce
constitutive activity of a target, 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, protewn, hgand, receptor, hiological pathway

including an imumune checkpoint pathway, or cell.

3
[86093]  Antibody: As used herein, the term “antibody™ refers collectively to: {a)
alveosviated and non-glyveosylated immunoglobaling (inclhuding but not limited to
rmamaoalian iromunoglobulin classes 1gGl, 1gG2, 1gG3 and 1gG4) that specifically binds to
target molecule and (b) immunoglobulin derivatives including but not himited to fgG(1-
SHydeltaCr2, Flab ), Fab, ScFy, Vu, Vi, tetrabodies, iriabodies, diabodies, dsFv, F(ab' ),
scFy-Fo and (scFv) that competes with the immunoglobulin from which 1t was denived for
binding to the target molecule. The term antibody is not restricted to immunoglobulins
derived from any particular mammalian species and includes murine, human, equune,
camelids, human antibodies. The termy antibody includes so called “heavy chain antibodias”
or “VHHs” or “Nanobodies®” as typically obtained from inmunization of camelids
(including camels, Hlamas and aipacas (see, ¢.g Hamers-Casterman, ef af. {1993) Naiure
363:446-448). Antibodies having a given specificity may also be dertved from non-
maramalian sources such as VHHSs obtained from immounization of cartilaginous fishes
mcluding, but not imited to, sharks. The term “antibody” encompasses antibodies isclatable
from natural sources or from animals following immunization with an antigen and as well as
enginegred antibodies including monoclonal antibodies, bispecific antibodies, tri-specific,
chimeric antibodies, humanized antibodies, human antibodies, CDR-grafted, veneered, or

(3325

deimmunized (e.g., to remove T-cell epitopes) antibodies. The term ““human antibody”™
includes antibodies obtained from human beings as well as antibodies obtained from
transgenic mamynals comprising human immunoglobulin genes such that, upon stumultation
with an antfigen the transgenic animal produces antibodies comprising aming acid sequence
characteristic of antibodies produced by human beings. The term antibody inciudes both the
parent antibody and its denvatives such as affinity matured, veneered, CDR grafted
(including CDR grafted VHHs), humanized, camelized (in the case of nou-carvel denved

WVHHSs), or binding molecules comprising binding domains of antibodies {e.g, CDRs) in non-
2 p=1 o K
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immunoglobulin scaffolds. The term "antibody” is not limited to any particular means of
svuthesis and includes naturally oceurring antibodies isolatable from natural sources and as
well as engineered antibodies molecules that are prepared by “recombinant” means including
anitbodies isolated from transgenic animals that are transgenic for human mmunoglobulin
genes or a hybridoma prepared therefrom, antibedies 1solated from a host cell transformed
with a nucleic acid construct that results 1n expression of an antibody, antibodies isolated
from a combinatorial antibody hibrary including phage display libraries or chenucally
svnthesized {¢. g, solid phase protein synthesis). In one embodiment, an “anitbody™ 15 a
mammalian tmmunoglobuling In some embodiments, the antibedy is a “full length antibody”
comprising vanable and constant domains providing binding and effector functions. In most
instances, a full-length antibody comprises two light chains and two heavy chains, each bight
chain coraprising a varnable region and a constant region.  In some embodiments the term
“full length antibody ™ is used to refer o conventional 1gG immunoglobulin 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 coraprising modifications to prolong duration of action such as
fusion proteins or conjugation to polvmers {e.g.. PEGylated) as described in more detail
below.

[66094]  Biological Sample: As used herein, the term “biological sample™ or “sample”

refers to a sample obtained or derived from a subject. By way of example, a biological
sample comprises a matenal selected from the group consisting of body fluids, blood, whole
biood, plasma, serum, mucus secretions, saliva, cerebrospinal fluid (CSF), bronchoalveolar
tavage fluid (BALF), fluids of the eve (e g., vitreous fluid, agueous humor), lymph fhad,
lymph node tissue, spleen tissue, bone marrow, and an inyounoglobulin enniched fraction
derived from one or more of these fissues. In some embodiments, the sample is obtained from
a subject who has been exposed to a therapeutic treatment regimen including a
pharmaceutical forroulation of a an IL2 mutein, such as the repeated exposure to the saroe
IL2 mutein. In other embodiments, the sample is obtained from a subject who has not
recently been exposed to the L2 mutein or obtained from the subject prior to the planned
admimstration of the IL2 mutein.

{98095 “CAR” or “Chimeric Antigen Receptor”  As used herein, the terms “chimeric

antigen receptor” and “CAR” are used inferchangeably to refer fo a chimeric polypeptide



WO 2021/146436 PCT/US2021/013456

comprising multiple functional domains arranged from amino fo carboxy terminus in the
sequence: {a) an extracellular domain (ECDY) comprising an antigen binding domain (ABDY)
and “hinge” domain, (b) a transmembrane domain (TD); and (¢} one or more cvioplasnuc
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
18 conventionally removed during post-transiational processing and presentation of the CAR
on the celi surface of a cell transformed with an exprassion vector comprising a nucleic acid
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 B issued June
22, 2010) Sadelain, ef ¢l (2013} Cancer Discovery 3(4):388-398; Campana and Ima: {(United
States Patent No. 8,399,645 issued March 19, 2013) Jensen and Riddell {2015} Current
Opimions in Immunology 33:9-15; Gross, et al. (1989) PNAS(USA) 86{24):10024-10028;
Curran, ef gl (2012} ] Gene Med 14(6):403-15; Brogdon, et al. {(United States Patent No.
16,174,095 issued Jamuary &, 2019} Guedan, et al. (2019) Engineering and Design of
{Chimeric Antigen Receptors {2019} Molecular Therapy: Methods & Clinical Development
Vol 12: 145-156.

[9096]  CAR-T Cell: As used herein, the terms “chimeric antigen receptor T-celi” and
“CAR-T cell” are used interchangeably 1o refer to a T-cell that has been recombinantly
modified to express a chimeric antigen receptor (CAR). Examples of commercially available
CAR-T cell products mclude axicabtagene ciloleucel {marketed as Yescarta® coromercially
available from (Gilead Pharmaceuticals) and tisageniecleucel (marketed as Kymriah®
commercially available from Novartis).

{60097  CD2S: As used herein, the terms “CB257, “IL2 receptor alpha”, “1L2ZRa”,
“IL2Ra” and “p55™ are used interchangeably to the 55 kD polypeptide that 1s constituitively
expressed in Treg cells and inducibly expressed on other T cells in response {o activation
{e.g. by CD3CD25 15 also referred 1o n the lierature as the "low affiouy” L2 receptor.
Human D25 nucleic acid and protein sequences may be found as (Genbank accession
272 amino acid pre-protein comprising a 21 amino acid signal sequence which is post-
translationally removed to render a 251 anmino acid mature protein. Amino acids 22-240
{amino acids 1-219 of the mature protein) correspond to the extraceliular domain. Amino

acids 241-259 (amino acids 220-238 of the mature protein) correspond to transmembrane
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domain. Amino acids 260-272 {amino acids 239-251 of the mature protein) correspond {o

intracelhular domain. The amino acid sequence of the mature form of hCD25 1s:

1._]

HEL L]

ELCDDDFPEIPHATFEAMAYKEGTMINCECKRGFRRIKSGSLYMLCTGNSSHSSWDNQCQ
CTSSATRNTTEGQVIPQPEEQRKERKTTEMQS PMOPVDOQASLEGHCREPPPWENEATERIYH
FVVGOMVYYQCVOGYRALHRGPAESVCKMTHGKTRWTOPQLICTGEMETSQFPGEREKPQA
PEGRPESETSCLVTTTDEFQIQTEMAATMETSIFTTEYQVAVAGCVELLISVLLLSGLTW
RRORKSRRTI {Sequence ID No. 2}

<
ot
“
i

{00099 €122 As used herem, the terms “CD1227, “interleukin-2 receptor beta”,
“HL2RDT, CTL2ZRE”, “TLISRE” and “p70-737 are used interchangeably to refer to the human
CD122 transmermbrane protein. The human CD122 (hCD122) 1s expressed as a 551 amino
acid protein, the first 26 anuno acids comprising a signal sequence which is post-
transiationally cleaved in the matwe 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 {amuno acids 225-239 of the mature protein) correspond o the transmembrane domain
and anino acids 266-551 {amino acids 240-525 of the mature protem) correspond to the
intracellular domain. As used herein, the term CE¥ 122 includes naturally occcurring varianis
of the CD122 protein including the S57F and D36SE {(as numbered in accordance with the
mature hCD122 protein). hCI122 1s referenced at UniProtK B database as entry P14784,
Human €D 122 nucleic acid and protein sequences may be found as Genbank accession
numbers NM 000878 and NP_000869 respectively. An anmino acid sequence of a mature

hCD22 protern 1s:

AVNGTSQFTCEYNSRANISCVWSODGALODTSCOVHARFDRRRWNQTCELLEVEQASWAC
NLILGAPDSOKLTTVDIVILRVLCREGVRWEVMAICDFKPFENLRLMAPI SLOVVEVETH
RCNISWEISCASHYFERELEFEARTLSPGHTWEEAPLLTLKORKQEWICLETLTPDTOQYEFR
OVRVEPLOGEFTTWSPWSQPLAFRTEPAALGKDTIPWLGHLLVGLSGAFGFITLVYLLIN
CENTGPWLEKVLECNTPDPSKEFFSQLSSEHGGDVQKWLSSPEPSSSFSPEGGLAPEISPLE
VLERDEKVTOLLLOODKVPERPASLSSNESLTSCEINQGYFFFHLPDALETEACOVYEFTYD
YSEEDPDEGVAGAPTGSSPOPLOPLSGEDDAYCTEPSRDDLLLESPSLLGGPSPPSTARPG
MPPESLOERVPRDWDPOQPLGPPTPGVPDLVDEOPPPELVLREAGEEVEPDAGPR
EGVSEFPWSRPPGOGEFRALNARLPLNTDAYLSLOELOGODPTHLY

(SEQ ID NO. 3}

and the amino acid sequence of the extracellular domain of the hCD122 s

AVNGTE Q}* PCEYNSRANISCVWSQDGALODTSCOVHAWPDRRRWNQTCELLEVSQASWAC
NLILGAPDSQKLTTVDIVILRVLCREGVRWRVMATIQDFKPFENLRLMAP ISLOVVHVETH

RCNISWELSQASHY FERHLEFEARTLSPGHTWEEAPLLTLROKQEWICLETLTPDTQYRE

4

et
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QVRVEPLQGEFTTWSPWSQPLAFRTKPAALGKDT (SEQ ID NO. 4

[000108]  CDI32 As used herein, the terms “CD1327, “IL2 receptor gamma”, “IL2Rg,

“TL2Ry7 refers to a type 1 eytokine receptor and is shared by the receptor complexes for 1L-4,
IL-7, 1L-9, IL-15, and IL.21, hence the reference to the “common™ gamma chain. Human
CD132 (hCD132) 15 expressed as a 369 amino acid pre-protein comprising a 22 amno acid
N-terminal signal sequence. Amino acids 23-262 {amuno 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 amuno acid transmembrane domain, and amino acids
284-369 {amino acids 262-347 of the roature proten) correspond o the jotracellular doroar.
h{CD132 15 referenced at UniProtKB database as entry P31785. Human CD132 nucleic acid
and protein sequences may be found as Genbank accession mumbers: NM_ (00206 and

NP 000197 respectively. The amino acid sequence of the mature hCD132 protem s

LNTTILTPNGNEDTTADFEFLTTMPTDSLSVSTLPLPEVQCEVENVEYMNCTWNSSS
TNLTLHYWYKNSDNDRKVORKCSHY LFSERETITSGCQLOKKELHLYQTEVVOLODPRE
TOMLELONLVIPWAPENLTLHELSESQI VANNREFLNHCLEHLVOYRTDWDHSWTEQSY
DYRHEFSLEPSVDGQKRYTFRVRSREN GSAQHWSEWSHP THWGENTSKENPELEFALE
VVISVGSMGLITISLLCVYFWLERTMPRIPTLRKNLEDLVTEYHGNESAWSGVSKGLARSLQ
PDYSERLCLVSEIPPKGGALGEGPGASPCNQHIPYWAPPCYTLKPET (SEQ ID NO. b5}

2

[800191] CDR: As used herein, the term “UDR” or “complementarity determining
region” 1s intended to mean the non~contiguous aniigen combining sites found within the
variable region of both heavy and hight chamn imyounoglobulin polypepiides. CDRs have been
described by Kabat et al., J. Biol Chem. 252.6609-6616 (1977); Kabat, ef ¢/, U8, Dept. of
Health and Human Services publication entitled “Seqguences of proleins of immnunological
moterest” (1991} {also referred to herein as “Kabat 19917 or “Kabat™); by Chothia, ef o/,
(1987) J. Mol. Biol. 196:901-917 {also referred to herein as “Chothia™); and MacCallum, e/
af {19963 1. Mol Biol. 262:732-745, where the definitions include overlapping or subsets of
amuino acid residues when compared against each other. Nevertheless, apphication of either
definttion to refer to a CDR of an antibody or grafted antibodies or variants thereof is
intended to be within the scope of the term as defined and used herein. In the context of the
present disclosure, the numbering of the CDR positions is provided according to the Kabat

nurbering converntion.

79
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[600192] Comparable: As used herein, the term “comparable” is used {0 describe the
degree of difference in two measurements of an evaluable quantitative or gualitative
parameter. For example, where a first measurement of an evaluable quantitative parameter
{e.g. the level of IL2 activity as determined 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 sigmficant difference
in effect between the two results in the circumstances, the two measurements would be
considered “comparable.” In some instances, measuremenis may be considered “comparable”
if one measurement deviates from another by less than 30%, alternatively by less than 25%,
alternatively by less than 20%. alternativelv by less than 15%, alternatively by less than 109%,
alternatively by less than 7%, alternatively by less than 5%, alternatively by less than 4%,
alternatively by less than 3%, altematively by less than 2%, or by less than 1%. In particular
embodiments, one measurement 15 comparable to a reference standard if it deviates by less
than 15%, alternatively by less than 10%, or alternatively by less than 5% from the reference
standard.

[B00103]  Couservative Amine Acd Substituion: As used herein the term “conservative

amino acid substitution” refers to the modification of the anmuno acid sequence of a
polypeptide that one amino acid residue is changed to another amino acid residug such that
the resulting protein relains comparable activity as the parent polvpeptide in a similar test
svstern. 1o some embodiments, the IL2 nuteins of the present disclosure may further
COmMPprise one more conservative anine acid substitution within the wild tvpe L2 amino acid
sequence. Examples of conservative substitutions include those described by Davhoff in The
Adas of Protein Sequence and Strocture 5 (1978), and by Argos in EMBO J, 8:779-785
{(1989). Conservative substifutions are tvpically made in accordance with the following chart

depicted as Table 3 below:

Ala Ser
Arg Lvs
Asn Gin, His
Asp Glu
Cys Ser. Ala
Gin Asn

- 30 -
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Gla Asp

Gly Pro

His Asn, Gin

He Leu, Val

Le fle, Vai

Lvs Arg, Gin, Glu, Met, Ley, lle
Phe Met,Leuw Tvr, Trp
Ser Thr

Thr Ser

Trp Tyr, Phe
Tyr Trp, Phe
Val He Leu

Substantial changes in fonction or immunological identity may be made by selecting aminoe
acid substifutions that are less conservative than those indicated in Table 3 ("non-
conservative aming acid substititions™).  Examples of non-conservative amino acid
substitutions as those substitutions that significantly affect the structure of the polypeptide
backbone or disrupt secondary or lertiary elements including the substitution of an amino
acid with a small uncharged side chain {(e.g.. glycing) with a large charge bulky side chain
{e.g.. asparagine)}.

[000184] Denved From: As used herein in the term “derived from™, in the context of an
amuno acid sequence or polvnucleotide sequence {e.g.. an arnino acid sequence “dervex
from” an 1L.2 polypeptide), is meant to mdicate that the polypeptide or nucleic acid has a
sequence that 15 based on that of a reference polypeptide or nucleic acid {e.g, a naturally
oceurring [L2 polypeptide or an 1L 2-encoding nucleic acid), and 13 not meant to be limiting
as to the source or method in which the protein or nucleic acid 1s made. By way of exarople,
the term “derived from” includes homologs or variants of reference amino acid or DNA
sequences.

[000105]  Effective Concentration {ECY  As used herein, the terms “effective

concentration” or it abbreviation “EC” are used interchangeably to refer to the concentration
of an agent {e.g., an hiL2 mutein) in an amount sufficient to effect a response in a given
parameter in a test systemi. The abbreviation “E” refers to the magnitude of a given

biological effect observed 1n g test sysiem when that test system is exposed to a test agent.
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When the magnitude of the response is expressed as a factor of the concentration {“C™) of the
{est agent, the abbreviation “EC” 15 used.  In the context of biclogical systems, the term
Emax refers to the maximal magnitude of a given bislogical effect observed in resporse to a
saturating concentration of an activating test agent. When the abbreviation EC 1s provided
with a subscript {e.g., ECao, ECso, etc.) the subscript refers to the percentage of the Emax of
the biological observed at that concentration. For example, the concentration of a fest agent
sufficient to result inn the induction of a measurable biological parameter in a test systern that
is 30% of the maximal level of such measurable biological parameter in response 1o such test
agent, is referved to as the "ECs¢” of the tesi agent with respect to such biclogical parameier.
Sinularly, the term “EC00” 15 used to denote the effective concentration of an agent that
results the maximal {100%) response of a measurable parameter in response {0 such agent.
Siratlarly, the term ECso (which 1s commonly used in the field of pharmacodynamics) refers
fo the concentration of an agent sufficient o results in the half-maxiroal (50%) change in the
measurable parameter. The term “saturating concentration” refers to the maximum possible
quantity of & test agent that can dissolve in a standard volume of a specific solveni (e.g.,
waler) under standard conditions of termperature and pressure. In pharmacodynamics, a
saturating concentration of a drug 1s typically used to denote the concentration sufficient of
the drug such that all available receptors are occupied by the drug, and ECso 1s the drug
concentration to give the half~maximal effect. The EC of a particular effective conceniration
of a test agent may be abbreviated with respect to the with respect to particular parameter and
test system. For example, concentration IL2 mutein with 1o induce 50% of the maximal level
of STATS phosphorylation in a CD25+ T-cell may be abbreviated as “EC soPSTATS- P2 op
sinilar, depending on the context. As Emax is a factor of the parameter being measured
{e.g., pSTATS mduction, proliferation), the test agent (e g. the particular IL2 mutein such as
“REH" described below) and the test system {e.g, a CD25+ human T cell, a human CD23-
cell, primary human T cells), the determunation of the Emax and the concentrations of the test
agent sufficient to product a certain percentage of the Emax {e.g. ECao, ECs, sic.} may he
determined empirically in the particular test system. In some instances, there are
standardized accepted measures of biological activity that have been established for a
molecule. For example with respect to hlL2 polency, the standard methodology for the
evaluation of KIL2 potency 10 international uruts (1U) 15 moeasured 10 the murine cviotoxic T

cell ine CTLL-2 in accordance with standardized procedures as more fully described in
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Wadhwa, ef ol (2013) “The 2nd International standard for Interlevkin-2 (I1.2) Report of a
colfaborative studv” Journal of Immuonological Methods 397:1-7. 1t should be notled in the
context of the present disclosure that the murine 1L2 receptor functions differently than the
human L2 receptor, particularty with respect to need for all components of the trimeric
receptor complex to provide intracellular signal fransduction signaling {e.g. STATS
ph@gpimryiaﬁon) See, e.g. Horta, ef af, (2019} “Human and murine /L2 veceptors
differentially respond to the humaon-IL.2 component of immunocviokines” Oncoimmmloiogy

8(6)?6}238538-1; e1238538-15 and Nemoto, ef al. (1995) “Differences in th

t\)

nterfeukin-;

("\5

(1.2} receptor system in fusnan and movse: alpha chain is require for formation of the
Junctional mouse f1.2 receptor” European } Imnunology 25(1133001-5. Consequently, when
evaluating the activity of a hiL2 muteins of the present disclosure, particularly with respect to
selectivity with respect to CI¥2S, the use of human cells or systems that recapitulate the
hiology of the human low, mtermediate and high affinuty 1ILZ receptors and receptor
complexes is preferred and a molecule that exhubits selective binding or activationin a
murine test svstem {(e.g. an /n vifro test system using murine cells o1 /7 vive in mice) may not
recapitulate such selective activity 1 a huran svstem {e.g. an in vifro test system using

human cells or in vive in human subjects}.

[B00196] EC Proliferation: The term “effective concentration sufficient to induce

proliferation of CD3 activated primary human T-cells” (abbreviated herein as “BCYRO™) refers
to the effective concerdration of an 1L2 nuten sufficient to mnduce proliferation of CD3
activated primary human T-cells as determined 1 accordance with the teaching of a standard
protocol in the art. Examples of such standard protocols to assess proliferation of CD3
activated primary hurnan T-cells include bioluminescent assay that generates a lamnescent
signal that 1s proporfional to the amount of ATP present which is divectly proportional to the
number of cells present in culture as described in Crouch, er al. (1993) “The use of ATP
hioluminescence as a measuwre of cell proliferation and cviotoxicity” J. Tmmunol. Methods
160: 81-8 or a standardized conwnercially avalable assay system such as the CellTiter-Glo®
2.0 Cell Viability Assay or CeliTiter-Glo® 3D Cell Viability kats commerciallv available
from Promega Corporation, 2800 Woods Hollow Road, Madison WI 53711 as catalog
numbers 9241 and G9681 respectively in substantial accordance with the instractions

PRO

provided by the manufacturer. When the abbreviation EC™Y used with a subscript this is

provided to indicate the concentration of the test agent sufficient to induce the indicated
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percentage of maximal primary lniman T cell proliferation in response to the test agent as
measured by a given test protocol. By way of illustration, the abbreviation EC20°®° may be
used with respect to a hiL2 mutein to indicate the concentration assoctated with 30% of a
maximal level of proliferation of CD3 activated primary human T-cells in response with
respect (o such 112 mutein as measured by the CellTiter-Glo® 2.0 Cell Viabilily Assay.

[000107]  EC Activation: The term “effective councentration sufficient to induce

ACT™y refers to the effective concentration of

activation of T-cells” (abbreviated herein as “EC
an IL2 mutein sufficient induce activation and/or differentiation of human T-cells. The
evaluable parameters to measure T~cell activation are well known in the art. In some
embodiments, the level of activation of T-cells in response 1o the adnunistration of a test
agent may be determined by flow cvtometric methods as deseribad as determined by the level
of STATS phosphorvlation in accordance with methods well known in the art. STATS
phosphoryiation may be measured using flow cytometnie technigues as described in Horta, ef
al. supra., Garcia, et af., supra, or comnmercially available kits such as the Phospho-STATS
(Tyro94) kit (commercially available from Perkin-Elmer/cisbio Waltham MA as Part Number
G4ATSPEG) in substantial accordance with the teaching of the manufacturer. When the
abbreviation ECA®T is used with a subscript this is provided to indicate the concentration of
the test agent sufficient to induce the indicated percentage of maximal STATS
phosphorylation in a T cell in response to the application of the test agent as measured in
accordance with the test protocol. By way of illustration, the abbreviation EC30™ may be
used with respect to a hiL2 mutein fo indicate the concentration associated with 30% of a
maximal fevel of proliferation in a T cell in in response with respect to such IL2 mutein as
measured with the.

[000108] Ennched: As used herein 1o the term “enriched” refers to a sample that is non-
naturally manipulated so that a species {e.g. a molecule or cell} of interest 1s present in: (a) a
greater concentration {g.g., at least 3-fold greater, alternatively at least S-fold greater,
alternatively at least 10-fold greater, alternatively at least 50-fold greater, allernatively at least
100-fold greater, or alternatively at least 1000-fold greater) than the concentration of the
species in the starting sample, such as a biological sample (e.g., a sample in which the
molecule naturally occurs or in which it is present after administration}; or (b) a concentration
greater than the environument in which the molecule was made {e.g., a recombinantly

modified bacterial or mammalian cell}.
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[600199] Extracelivlar Domain: As used herein the term "extraceilular domain” or its

abbreviation "ECD" refers (o the portion of a cell surface protein {(e.g., a cell surface receptor)
which is external to of the plasma membrane of a cell. The cell surface protein mav be
transmembrans protein, a cell swrface or membrane associated protein.

[600118]  Identity: The term "identity,” as used herein in reference o polypeptide or
DNA sequences, refers to the subunit sequence 1dentity between two molecules. When a
subunit position in both of the molecules is occupied by the same monomeric subunit (e,
the same amino acid residue or nucleotide}, then the molecules are identical at that position.
The similarity between two amino acid or two nucleotide sequences is a direct function of the
nurmber of wdentical positions. To general, the sequences are aligned so that the highest orde
match is obtained. I necessary, identity can be calculated using published techniques and
widely available computer programs, such as the GCS program package (Devereux, ef al,
{1984) Nucleic Acids Res. 12:387), BLASTP, BLASTN, FASTA {Atschul, er ol (1930} 1.
Molecular Biol. 215:403-410). Algorithms that are suitable for determining percent sequence
identity and sequence sumilarity are the BLAST and BLAST 2.0 agorithms, which are
described in Altechud ef of. (1990} .7 Mol Biol 213 403-410 and Alischud, ef o/ (1977)
Nucleic Acids Res. 25: 3389-3402. Software for performung BLAST analyses s publicly
avatlable through the National Center for Biotechnology Information (NCBI) web site. The
algorithm involves first identifying high scoring sequence patrs {(HSPs) by identifying short
words of length W of the query sequence, which either match or satisty some positive-valued
threshold score 17 when aligned with a word of the same length in a database sequence. T is
referred to as the neighborhood word score threshold {Altschul, ef @/, supra). These initial
neighborhood word hits act as seeds for inthiating searches to find longer HSPs containing
them. The word hits are then extended in both directions along each sequence for as far as
the cumwlative alignment score can be increased. Cumulative scores are calculated using, for
mucleotide sequences, the parameters “M” {the reward score for a pair of matching residues;
always >0) and “N” (the penalty score for mismatching residues; alwavs <0). For anuno acid
sequences, a scoring matrix is used to calculate the cumulative score. Extension of the word
hits in each direction are haited when: {a) the cumulative alignment score falls off by the
quantity X from ifs maximu achieved value; the cumulative score goes {0 zero or below,
due to the accumulation of one or more negative-sconng residue alignuments; or (b) the end of

either sequence is reached. The BLAST algonthm parameters “W7, “T7, and “X” determine
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the sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences)
functions simmlarly but uses as defaults a word size ("W7) of 28, an expectation ("E7) of 10,
M=1, N=-2, and a comparison of both sirands. For amino acid sequences, the BLASTP
program uses as defaults a word size (W) of 3, an expectation (E} of 10, and the BLOSUMG62
scoring matrix (see Henikoff & Hentkoft, (1989} PNAS(USA) 89:10915-10919).

[980111]  1L2: Asused herem, the term “interlenkin-2” or "IL2" refers to a naturally
occurring IL2 polypeptide that possesses 112 activity. In some embodiments, 1L.2 refers to
mature wild type human L2, Mature wild tvpe human IL2 (hIL2) occurs as a 133 amino
acid mature polypeptide {Jess the signal peptide, consisting of an additional 20 N-terminal
amino acids), as described in Fugita, ef ¢, PNAS USA, 80, 7437-7441 (1983}, As used
herein, the numbering of residues of the hiL2 muteins is based on the hIL2 sequence UniProt
T2 P60568R excluding the signal peptide which s the same as that of SEQ ID NG:1. An
amuno acid sequence of naturally occurning variant of mature wild type human L2 (b1L2) 15

APTSSSTKKT QLOLEHLLLD LOMILNGINN YKNPKLTRML TEFKEYMPKEA
TELKHLQCLE EELKP SVE NLAQSKENFHL RPRDLISNIN VIVLELKGSE

TTEMCEYADE TATIVEFLNR WITFCQSIIS TLT (SEQ ID NO: 1)

[600112]  1L2 Activity: The term “IL2 activity” refers to one or more biclogical effects
on a cell 1 response fo contacting the cell with an effective amount of an L2 polyvpeptide.
IL2 activity may be measurad, for example, in a cell proliferation assay using CTLL-2 mouse
cvtotoxic T cells, in substantial accordance with the teaching of Gearing, AJH. and C.B.
Bird (1987} 1 Lymophokines and Interferons, A Practical Approach. Clemens, M. er al.
{eds): IRL Press. 295, The specific activity of recombinant human L2 Ghil.2}is
approximately 2.1 x 10* [U/ug, which is calibrated against recombinant human 1L2 WHO
International Standard (NIBSC code: 86/500). In some embodiments, the level of 112
activity may be expressed as the level of STATS phosphorylation which may be deternuned
by flow cytometric methods known in the art.

[660113] 1L2 mutein: As used herein, the term "IL2 mutein” refers {o a mutein derived
from a naturally occurring form of IL2 comprising modifications to amino acid sequence of
the IL2 molecule. The IL2 muteins are characterized by amino acid inserfions, deletions,
substitutions and modifications at one or more sites in or at the other residues of the native
parent IL2 polypeptide chain. In some embodiments, 112 muteins of the present relain

C3122 binding activity comparable to the activity of WHO Intervational Standard (NIBSC
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code: 86/500) wild type mature human {L2 when evaluated at sinmlar concentrations in a
comparable assay. Exemplary muteins can include substitutions of 1, 2,3, 4, 5,6, 7, 8, 9, 10
or more aming acids,

[600114]  In An Amount Sufficient 1o Effect a Response: As used herein the phrase “in

an amount sufficient 1o cause a response” 1s used in reference to the amount of a test agent
sufficient to provide a detectable change in the level of an indicator measured before (e.g., a
baseline level) and after the application of a test agent to atest system. In some
embodiments, the test system is a cell, tissue or organism. In some embodiments, the test
system is an in vifro test system such as a fluorescent assay. Tn some embodiments, the test
svstero is an /7 vivo svstem which involves the measurersent of a change in the level of a
parameter of a cell, tissue, or organism reflective of a biclogical function before and after the
application of the test agent to the cell, tissue, or organism.  In some embodiments, the
indicator 1s reflective of biological function or state of development of a cell evaluated n an
assay in response to the administration of a quantity of the test agent. In some embodiments,
the test system tmvolves the measurement of a change in the level an indicator of a celi,
fissue, or organism reflective of a biological condition before and after the application of one
or more test agents to the cell, tissue, or organism. The term “in an amount sufficient to
effect a response” may be sufficient to be a therapeutically effective amount but may also be
more or less than a therapeutically effective amount.

[000115]  In Need of Treatment: The term “in need of treaiment” as used herein refers o

a judgment made by a physician or other caregiver with respect to a subject that the subject
requires or will potentially benefit from freatment. This judgment is made based on a variety
of factors that are in the realm of the physician’s or caregiver's expertise.

[B00116]  InNeed of Prevention: As used herein the term “in need of prevention” refers

o a judgment made by a physician or other caregiver with respect to a subject that the subject
requires or will potentially benefit from preventative care. This judgment is made based
upon a variety of factors that are in the realm of a physician’s or caregiver’s expertise.
[866117]  Inlubitor: As used herein the ferm “inhibitor” refers to a molecule that
decreases, blocks, prevents, delays activation of, inactivates, desensitizes, or down-regulates,
e.g., a gene, protein, ligand, receptor, or cell. An mhibitor can also be defined as a molecule

that reduces, blocks, or inactivates a constifutive activily of a cell or organism.
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[600118] Isolated: As used herein the term “isolated™ is used in reference to a
polypeptide of interest that, 1f natarally occurring, 1s in an environment different from that in
which it can naturally occur. “Isolated”™ is meant to include polypeptides that are within
samples that are substantially enriched for the polvpeptide of inferest and/or in which the
polypeptide of wnterest 15 partially or substantially purified. Where the polvpeptide 13 not
naturally occurring, “solated” indicates that the polypeptide has been separated from an
environment in which it was synthesized, for example isolated from a recombinant cell
culture comprising cells engineerad to express the polypeptide or by a sohution resulting from
solid phase synthetic means.

[000119]  Kabat Numberning: The term “Kabat numbering” as used herein is a term

recognized in the art of antibody engineering to refer to a system of mumbering amino acid
residues which are more variable than other amino acid residues {e.g2., hypervariable residues)
in the heavy and light chain regions of immunoglobuling (Kabat, er af., (1971) dyn. NY Acad.
Sl 190:382-93; Kabat, ef af., (1991} Sequences of Proteins of Immunological 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 vaniable region of an
antibody as disclosed heren follows Kabat numbering or simoply, “Kabat.”

[600128] Metastasis: As used herein the term “metastasis™ describes the spread of
cancer cell from the primary tumor to surrounding tissues and to distant organs.

[806121]  Ligand: As used herein, the term “ligand™ refers 1o a molecule that specifically
hinds a receptor and causes a change in the recepior so as to effect a change in the activity of
the receptor or a response in cell that expresses that receptor. In one embodiment, the term
“hgand” refers to a molecule or complex thereot that can act as an agonist or antagonist of a
receptor. As used herein, the term “ligand” encompasses natural and svnthetic ligands.
“Ligand” also encompasses small molecules, peptide mimetics of cyiokines and antibodies.
The complex of a ligand and receptor is termed a “ligand-receptor complex.” A ligand may
comprise one domain of a polyprotein or fusion protein {(e.g., either domain of an
antibody/higand fusion protein}. The complex of a ligand and receptor 18 termed a “ligand-

receptor complex.”

[000122]  Modified 11,2 Mutein: As used herein the term “modified IL2 muteins™ is used

fo refer to 1L.2 muteins that have comprise one or more exira further modifications (1e,

modifications other than fo the core amino acid sequence of the hilL2 mutein) such as
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PEGviation, glycosylation (N- and (-linked), acviation, or polysialviation or by conjugation
{either chemical or as fusion proteins) with other polypeptide carrier molecules including but
not limited to albumin fusion polypeptides comprising serum albumin {(e.g., human serum
albumin (HSA) or bovine serum albumin {BSA} or Fe-fusion proteins or with targeting
moleties such as IgG comprising T2 orthogonal polypeptide fusion proteins, targeted 112
muten polypeptides such as ScFv-IL2 mutein polypeptide fusion proteins and VHR-ILZ
muten polypeptide fusion proteins. Modified 1L.2 mouteins may be prepared to order to
enhance one or more properties for example, modulating immunogenicity; methods of
increasing water solubility, bioavailability, serum half-life, and/or therapeutic hatf-life; and/or
modulating biological activity. Certain modifications can also be useful to, for example. raise
antibodies for use in detection assays {e.g., epitope tags) and to provide for ease of protein
purificaiion. In some embodiments, the modified IL2 mutein is at least 95, 96, 97, 98, or
99% identical to SEQ 1D NO:1 and has one of the combinations of three modifications
relative to 8EQ 1D NO:1 as set forth in Table 4.

[860123] Modulate: As used herein, the terms “modulate”, “modulation” and the like
refer to the ability of a test agent {0 cause a response, either positive or negative or divectly or
mdirectly, in a svstem, including a biological system, or biochemical pathway. The term
moduiator includes both agonists (inchuding partial agonisis, full agonisis and superagonisis)
and antagonists.

[800124] Mudein: As used herein, the term “mutein” 1s used {o refer to modifiad
versions of wild type polypeptides comprising modifications to the primary structure (i.e.
amino acid sequence) of such polypeptide. The ferm mutein may refer to the polvpeptide
itsetf, a composition comprising the polvpeptide, or a nucleic acid sequence that encodes it.
In some embodiments, the mutein polypeptide comprises from about one to about fen amino
actd modifications relative to the parent polypeptide. alternatively from about one to about
five amino acid modifications compared to the parent, alternatively from about one to about
three amino acid modifications compared to the parent, alternatively from one to two amano
acid modifications compared to the parent, alternatively a single amino acid modification
compared to the parent. A muiein mayv be at least about 99% identical to the parent
polypeptide, alternatively at teast about 989 1dentical, aliernatively at least about 97%
wdentical, alternatively at least about 95% identical, or aliematively at least about 90%

identical.



WO 2021/146436 PCT/US2021/013456

{600125] N-Terminus: As used herein in the context of the structure of a polypeptide,
“MN-terminus” (or “amino termunus”) and “C-terminus” (or “carboxyl terminus™} refer {0 the
extreme antino and carboxy! ends of the polypeptide, respectively, while the terms “N-
terminal” and “C-terminal” refer to relative positions in the amino acid sequence of the
polypeptide toward the N-termunus and the C-terminus, respectively, and can include the
residues at the N-terminus and C-teroyous, respectively. “Inunediately N-terroinal” or
“imunediately C~terminal” refers to a position of a first anuno acid residue relative to a
second amino actd residue where the first and second amino acid residues are covalenily
bound to provide a contiguous amino acid sequence.

[000126] Neoplastic Disease: As used herein and as discussed in more detail below, the

term “neoplastic disease” refers to disorders or conditions in a subject arising from cellular
hyper-proliferation or unregulated (or dysregulated) cell replication. The term neoplastic
disease refers to disorders arising from the presence of neoplasms in the subject. Neoplasms
may be classified as: {1) benign {2} pre-malignant {or “pre-cancercus”™); and (3) malignant (or
“cancerous”). The term “neoplastic disease” inchudes neoplastic-related diseasas, disorders
and condifions referring to conditions that are associated, divectly or indirectly, with
neoplastic disease, and mcludes, e.g., angiogenesis and precancerous conditions such as
dysplasia or smoldering multiple myeloma. Examples of benign disorders arising from
dvsregulaied cell replication include hypertrophic scars such as keloid scars.

[806127]  Nucleic Aad: The terms “nucleic acid”, “nucleic acid molecule”,
“polvnucleotide” and the like are used interchangeably herein to refer to a polymeric form of
nucleotides of any length, either deoxyribonucieotides or ribonucleotides, or analogs thereof.
Nou-timiting examples of polynucleotides include linear and circular nucleic acids,
messenger RNA (mRNA), complementary DNA (¢cDNA), recombinant polynucleotides,

vectors, probes, primers and the like,

[660128] Numbered in accordance with 1L.2: The term "numbered in accordance with

TE2" as used herein refers to the identification of a location of particular amino acid with
reference to the posttion at which that amino acid normally occurs in the mature sequence of
the mature wild type hiL2, for example R81 refers to the eighty-first amino acid, arginine,
that occurs in SEQ IDNG: 1.

[000129]  Qperably Linked: The term “operably Iinked™ s used herein to refer to the

relationship between molecules, typically polypeptides or nucleic acids, which are arranged
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in a construct such that each of the functions of the component molecules is retained although
the operable linkage mway result in the modulation of the activity, either positively or
negatively, of the individual components of the construct. For example, the operable linkage
of a polyethyiane glvcol (PEG) molecule to a wild-type protein may result in a construct
where the biological activity of the protein 1s diminished relative to the to the wild-type
molecule, however the two are nevertheless considered operably hinked. When the term
“operably linked” is applied to the relationship of multiple nucleic acid sequences encoding
differing functions, the nultiple nucleic acid sequences when combined info a single nucleic
acid molecule that, for example, when introduced into a cell using recombinant technology,
provides a nucleic acid which 1s capable of effecting the transcription and/or transiation of a
particular nucleic acid sequence in a cell. For example, the nucleic acid sequence encoding a
signal sequence may be considered operably hinked {0 DNA encoding a polypeptide if it
results in the expression of a preprotein whereby the signal sequence facilitates the secretion
of the polypeptide; a promoter or enhancer is considered operably linked to a coding
sequence if it affects the transcription of the sequence; or a ribosome binding site is
considered operably linked to a coding sequence if it is posiioned so as to faciitate
translation. (Generally in the context of nucleic acid molecules, the term "operably linked"
means that the nucleic acid sequences being linked are contiguous, and, inthe case of a
secretory leader or assoctated subdomains of a molecule, contiguous and in reading phase.
However, certain genetic elements such as enhancers may function at a distance and need not
he contiguous with respect to the sequence 1o which they provide their effect but nevertheless
mayv be considered operably linked.

[800138] Parent Polvpeptide: As used herein, the terms "parent polypeptide” or "parent

protein” are used interchangeably to designate the source of a second polypeptide (eg., a
derivative or varnant} which is moditied with respect to a first “parent” polypeptide. In some
mstances, the parent polypeptide 18 a wild~type or naturally occwrring form of a prolein. In
some instance, the parent polypeptide mav be a modified forro a naturally occurning protein
that 1s further modified. The term “parent polypeptide” may refer to the polypeptide itself or
compositions that comprise the parent poiyvpeptide {e.g., glycosviated or PEGylated forms

and/or fusion protemns comprising the parent polypeptide).
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receptor relative o a full agonist. Partial agonists may display both agonistic and
antagonistic effects. For example when both a full agonist and partial agomst are present, the
partial agonist acts as a competitive antagonist by competing with the full agonist for the
receptor binding resulting in net decrease in receptor activation relative o the contact of the
receptor with the full agonist in the absence of the partial agonist. Chnically, partial agonists
can be used fo activate receplors to give a desired submaximal response when inadequate
amounts of the endogenous ligand are present, or they can reduce the overstimulation of
receptors when excess amounts of the endogenous ligand are present. The maxinmum
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 {2
partial agonist 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%, alternatively greater than 60%, or altemnatively greater than 70%, altematively greater
than 10% but less than 100%. alternatively greater than 20% but less than 100%. alternatively
greater than 30% but less than 100%, alternatively greater than 40% but less than 100%,
alternatively greater than 50% but less than 100%, alternatively greater than 60% but less
than 100%, alternatively greater than 70% but less than 100%, alternatively greater than 80%
but less than 100%, or alternatively greater than 90% but less than 100%, of the activity of
the WHO International Standard (NIBSC code: 86/500) wild type matare human 112 when

evaluated at simmiar concentraiions in g comparable assay.

[90132] PHG-IL2 Mutein: As used herein the ferm “PEG-IL2 mutein” refers to an [L2

mutein covalently bound to at least one polyethylene glveol (PEG) molecule, the at least one
PEG molecule being covalently attached (o at least one amino acid residue of an IL2 mutein.
The PEGvlated polypeptide roay be turther referred to as monopegylated, dipegylated,
tripagvlated {and so forth} to denote PEG-1L2 muteins comprising one, two, three {or more)
PEG moteties attached to the IL2 mutein, respectively. In some embodiments, the PEG may
be covalently attached directly to the 1L.2 moutein (e.g., through a lysine side chain, sulthydeyl
group of a cysteine or N-terminal amine) or optionally employ a hnker between the PEG and
the IL2 mutein. In some embodiments the PEG-IL2 mutein comprises more than one PEG
molecule each of which is attached to a different amino acid residue. In some embodiments,
the PEG-IL2 mutein is derived from SEQ ID NO: (naturally occwrring hil2). PEGyiated

forms of IL2 and the methodology of PEGylation of 1L2 polvpeptides is well known in the art
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{see, e.g., Katre, et al., United States Patent 4,931,544 issued June 5, 1990; Katre, ef al.,
United States Paient 5,206,344 1ssued April 27, 1993; and Bossard, ef ¢f, United States
Patent No. 9,861,705 1ssued Jamuary 9, 2018}, In some embodiments, the 112 mutein may be
modified by the incorporation of non-natural amine acids with non-naturally sccurring amino
acid side chaims to facilitate site specific PEGylation as described in Ptacin, ef af. United
States Patent Application Pubhcation US20170369871 A1 published December 28, 2017, 1o
other embodiments, cysteine residues mav be incorporated at various positions within the 112
molecule to facilitate site-specific PEGylation via the cysteine side chain ag described in
Greve, ef of. PCT Intemational Patent Apphication Number PCT/US2015/044462 published
as WO2016/025385 on February 18, 2016,

[660133] Polvpeptide: As used herein the terms “polvpeptide,” “peptide,” and “profein™,
used mnterchangeably herein, refer {0 a polymerie form of amino acids of any tength, which
can include genetically coded and non-genetically coded amino acids, chemically or
biochemcally modified or derivatized amino acids, and polypeptides having modified
polypeptide backbones. The term polvpeptide include fusion proteins, imcluding, but not
himied to, fusion proteins with a heterologous amimo acid sequence; fusion proteins with
heterologous and homologous leader sequences; fusion proteins with or without N-terminal
methionine residues; fusion proteins with amino acid sequences that facilitate purification
such as chelating peptides; fusion proteins with immunologically tagged proteins; fusion
protemns comprising a peptide with imyounologically active polypeptide fragment {e.g.
antigenic diphtheria or tetanus toxin or toxoid fragments) and the hike,

{600134] Prevent: As used herein the terms “prevent”, “preventing”, “prevention” and
the hike refer {0 a course of action mtiated with respect to a subject priov to the onsetof a
disease, disorder, condition or symptom thereof so as to prevent, suppress, inhibit or reduce,
either 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
delaving the onset thereof, generally in the context of a subject predisposed due to genetic,
experiential or environmental factors to having a particular disease, disorder or condition. In
certain instances, the terms “prevent”, “preventing”, “prevention” are also used to refer to the
stowing of the progression of a disease, disorder or condition from a present its state {0 a

more deleterious state.
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{600135] Receptor: As used herein, the term “receptor” refers to a polvpeptide having a
domatn that specifically binds a ligand that binding of the igand 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 assoctated with a cell surface. The soluble form of hCD2Z5 s an example
of 3 soluble receptor that specifically binds hIL2. In some embodiments, the receptoris a cell
surface recepior that comprises an extracellular domain (ECD) and a membrane associated
domain which serves to anchor the ECD to the cell surface. In some embodiments of cell
surface receptors, the receptor is a membrane spanning polvpeptide comprising an
intracellular domain (ICD) and extracellular domain (ECD) linked by a mernbrane spanning
domain tvpically referred to as a transmembrane domain (TM). The binding of the higand (o
the recepior results in a conformational change in the recepior resulting in a measurable
biological effect. In some instances, where the receptor is a membrane spanning polyvpeptide
comprising an ECD, TM and ICD, the binding of the higand to the ECD results in a
measurable mntracellular biological effect mediated by one or more domains of the ICD in
response o the binding of the igand to the ECD. In some embodiments, areceploris a
component of a multi-component complex to facilitate intracellular 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 heteromultimeric
including heterodimeric (e.g. the intermediate afhnity CD122/CD132 112 receptor),
heterotrimeric {e.g., the lagh affivaty CD25/CD122/C132 hiL2 receptor) or
homomuitimeric {e.g., homodimeric, homotrimeric, homotetrameric) complex that resulis in
the activation of an imtracelidlar signaling cascade {e.g. the Jak/STAT pathway).

[806136] Recombinant. As used herein, the term “recombinant” is used as an adjective
1o refer to the method by which a polypeptide, nucleic acid, or cell was modified using
recombinant DNA technology. A “recombinant proteint” is a protein produced using
recombinant DNA technology and is frequently abbreviated with a lower case “r” preceding
the protein naroe to denote the method by which the protein was produced (e.g.,
recombinantly produced human growth hormone 1s commonly abbreviated “rhGH”).
Simularly a cell 1s referred to as a “recombinant cell” if the cell has been modified by the
incorporation {e.g. transfection, transduction, infection) of exogenous nucleic acids (e.g.,

ssDINA, dsDNA, ssRNA, dsRNA, mRNA, viral or non-viral vectors, plasmids, cosmids and
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the like} using recombinant DNA technology. The techniques and protocols for recombinant
DNA technology are well known in the art.

[000137] Response: The term “response,” for example, of a cell, tissue, organ, or
organism, encompasses a quantitative or qualitative change in a evaluable biochemical or
physiological parameter, {e.g., concentraiion, density, adhesion, proliferation, activation,
phosphorviation, mugration, enzymatic activity, level of gene expression, rate of gene
expression, rate of energy consumption, {evel of or state of differentiation) where the change
is correlated with the activation, stimulation, or treatment, with or contact with exogenous
agents or internal mechanisms such as genetic programring. In certain contexts, the terms
“activation”, “stimulation”, and the like refer to cell activation as regulated by internal
mechanisms, as well as by extemal or environmental factors; whereas the terms “inhibition”™,
“down-regulation” and the like refer to the opposite effects. A “response” mav be evaluated
in vitre such as through the use of assay systerns, surface plasmon resonance, enzymatic
activily, mass spectroscopy, amino acid or protein sequencing technologies. A “response”
may be evaluated iz vivo quantitatively by evaluation of objective physiological parameters
such as body temperature, bodyweight, tumor volume, blood pressure, results of X-ray or
other imaging technology or qualitatively through changes in reported subjective feelings of
well-being, depression, agitation, or pain.  In some embodiments, the level of proliferation
of CD3 activated primary human T-cells mav be evaluated in a bicluminescent assay that
generates a lurninescent signal that 1s proportional to the amount of ATP present which s
directly proportional to the number of cells present in culture as described i Crouch, er al.
(19933 1. Immmunol. Methods 160; 81--8 or through the use of commercially available assays
such as the CellTiter-Glo® 2.0 Cell Viability Assay or CellTiter-Glo® 3D Cell Viability kits
commercially available from Promega Corporation, Madison W1 33711 as catalog numbers
(9241 and G961 in substantial accordance with the instructions provided by the
mamifacturer. In some embodiments, the level of activation of T cells in response to the
admanistration of a test agent may be determined by flow cyvtometric maethods as described as
determuned by the level of STAT (e g.. STATI, STATS, STATS) phosphorviation inn
accordance with methods well known in the art. For example, STATS phosphorylation may
be measured using Jow cytometric techmques as described in Horta, ef al supra., Garcia, ef

al., supra, or comruercially avalable kits such as the Phospho-STATS (Tvre94) kit
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{commercially available from Perkin-Elmer, Waltham MA as Part Number 64 AT5PEG)
performed in substantial accordance with the instructions provided by the manufacturer,

[000138]  Selective: As used herain, the term “selective” 1s used to refer to a property of
an agent to preferentialiy bind to and/or activaie a particular cell tvpe based on a certain
property of a population of such cells. In some embodiments, the disclosure provides
muteins that are CD25 selective 1o that such muteins display preferential activation of cells
expressing the D25 and/or CD25/CDI22 receptors relative 1o the cells expressing the
CD132 recepior. Selactivity is typically assessed by activity measured in an assay
characienistic of the activity induced in response to higand/recepior binding.  In some
embodiments, the selective L2 mutein exhnbits significantly reduced binding. In some
embodiments, selaectivity is measured by activation of ceils expressing UD25 {e.g.
YTCD25P0S or YTCD2S+ cells) versus the activation of cells that display significantly
lower (preferably undetectable) levels of CD2S (e.g. YTCD2SNEG or YTCDZS- cells). In
some embodiments, the selectivity is measured by activation of T cells expressing CD25 {e.g.
Tregs) versus low levels of CD23 (e.g. non stimulated CO8+ or CD4+ T cells). In some
embodiments, IL2 muteins of the present disclosure possess at least 3 fold, alternatively least
5 fold, alternatively at least 10 fold, alternatively at least 20 fold, aliematively at least 30 fold,
alternatively at least 40 fold, alternatively at least SO fold, alternatively at least 100 fold,
altematively at least 200 fold difference in EC30 on D25+ versus CD25- cells as measwwed
in the same assay.

[600139]  Sygnificantly Reduced Binding; As used herein, the term “exhibiis
significantly reduced binding™ is used with respect to a variant of a first molecule (e g a
ligand} which exhibits a significant reduction in the affinity for a second molecule {e.g.
receptor) relative {o the parent form of the fivet molecule. With respect 1o antibody varants,
an antibody variant “exhibits sigrificantly reduced binding” if the variant binds to the native
form of the receptor with an affinity of less than 209, aliematively less than about 109%,
altematively less than about 8%, aliernatively less than about 6%, altematively less than
about 4%, alternatively less than about 2%, alternatively less than about 1%, or alternatively
less than about 0.5% of the parent anitbody from which the vanant was derived. Similarly,
with respect to variant igands, a vanant ligand “exhibits significantly reduced binding™ it the
variant ligand binds to a receptor with an affioty of less than 20%, alternatively less than

about 10%, alternatively less than about 8%, alternatively less than about 6%, altematively
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less than about 4%, alternatively less than about 2%, alternatively less than about 1%, or
alternatively less than about 0.5% of the parent igand from which the vanant hgand was
derived. Simularly, with respect to variant recepiors, a vanant ligand “exhibiis significantly
reduced binding™ if the affinity of the variant receptors binds to a with an affinity of less than
20%, alternatively less than about 10%, alternatively less than about 8%, alternatively less
than about 6%, alternatively less than about 4%, altemnatively less than about 2%,
altematively less than about 1%, or alternatively less than about 0.5% of the parent receptor
from which the variant receptor was derived.

[000148]  Small Molecude(s): The term “small molecules” vefers to chemical compounds
(tvpically pharmaceutically active compounds) having a molecular weight that is less than
about 10kDa, less than about 2kDa. or less than about TkDa. Small molecules include, but are
not limited to, norganic molecules, organic molecuales, organic molecules containing an
mnorganic component, molecules comprising a radioactive atom, and synthetic molecules. The
term “small molecule” is a term well understood to those of ordinary skill in the
pharmacentical arts and is typically used to distinguish organic chemical compounds from
biologics.

[#86141]  S¢ 325 As used herein the ferms “soluble CD23,” “soluble human

CD257, “soluble hCD257 an “shCD25” are usad interchangeably herein to refer to a hCD25
molecule comprising the ECD of hCD25 lacking the transmembrane and intracellular
domaing. As previously noted, homan CD2S (“hCD257) 15 expressed as a 272 anuno acid
pre-protein comprising a 21 amino acid signal sequence which is post-translationally
removed o render a 251 amino acid mature protein. Aming acids 22-240 (aming acids 1-219
of the mature proiein} correspond to the extracelivlar domain., Amino acids 241-259 {aming
acids 220-238 of the mature protein) correspond to transmembrane domain.  Amino acids
260-272 (amino acids 239-251 of the mature protein) correspond to mtracellular domain. The
amino acid sequence of the mature form of hUD25 is provided as SEQ 1D NG:2.

[660142]  Specifically Binds: As used herein the term “specifically binds” refers {o the

degree of selectivity or affinity for which one molecule binds 1o another. In the context of
binding pairs {e.¢. a ligand/raceptor, antibody/antigen, antibody/ligand, antibodv/receptor
binding pairs) a first molecule of a binding pair 1s said to specifically bind to a second
molecule of a binding pair when the first molecule of the binding pair doesnotbind in a

stgrificant amount to other components present in the sample. A first molecule of a binding
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pair is said to specifically bind to a second molecule of a binding pair when the affinity of the
first molecule for the second molecule is at least two-fold greater, altematively at least five
times greater, alternatively at least ten times greater, 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 sample. In a particalar embodiment, where the first molecule of
the binding patr 18 an antibody, the antibody specifically binds to the second molecule of the
hinding pair {e.g. a protein, antigen, ligand, or receptor) if the equilibrium dissociation
constant between aniibody and the second molecule of the binding pair is greater than abowt
10°M, altematively greater than about 10% M, altematively greater than about 101 M,
alternatively greater than abowt 10'" M, altemnatively greater than about 10'° M, greater than
about 10" M as determined by, e.g., Scatchard analysis (Munsen, et al. 1980 Analvt.
Biochem. 107:220-239). In one embodiment where the ligand 1s an IL2 mutein and the
receptor comprises an orthogonal CD122 ECD, the L2 mutein specifically binds if the
equilibrium dissociation constant of the IL2 muein/orthogonal CD 122 ECD is greater than
about 10°M, alternatively greater than about 10° M, alternatively greater than about 107M,
alternatively greater than about 10°M, alternatively greater than about 10° M, aliematively
greater than about 10! M. or altematively greater than about 101 M. Specific binding may
be assessed using techniques known in the art including but not limited to competition
ELISA, radicactive higand binding assays {e.g., saturation binding, Scatchard plot, nonlinear
curve fitting programs and competition binding assays); non-radioactive ligand binding
assavs {(e.g., fluorescence polarization {(FP}), fluorescence resonance energy transfer (FRET)
and surface piasmon resonance assays {seeg, e.g., Drescher ef o/, Methods Mol Biol 493:323-
343 (2009} with instrumentation commercially avaiiable from GE Healthcare Bio-Sciences
such as the Biacore 8+, Biacore 8200, Biacore T200 (GE Healthcare Bio-Sciences, 100
Resulis Way, Marlborough MA 01752}, liguid phase ligand binding assays {e. g . real-time
polymerase chamn reaction {RT-gPCR), and immunoprecipitationy, and sohid phase ligand
binding assays {(e.g., multiwell plate assays, on-bead ligand binding assays, on-columm hgand
hinding assavs, and filter assays}.

[800143] Subject: The terms “recipient”, “individual™, “subject”, and “patient”, are
used interchangeably herein and refer to any mamwalian subject for whom diagnosis,
freatment, or therapy 1s desired, particularly humans. "Maromal” for purposes of treatroent

refers {o any animal classified as a mammal, including humans, domestic and farm animals,
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and zoo, sports, or pet animals, such as dogs, horses, cats, cows, shegp, goats, pigs, ete. In
some embodiments, the maramal 1s a human being.

10001 44]

determination made by a physician with respect {0 a subject based on the available
mformation accepted in the field for the identification of a disease, disorder or condition
meluding but not houted 1o X-ray, CT-scans, conventional laboratory diagnostic tests {e.g.
blood count, etc.), genomic data, protein expression data, invmunchistochemistry, that the
subject requires or will benefit from treatment. The term suffering from is typically used in
conjunction with a particular disease state such as “suffering from a neoplastic disease” refers
1o a subject which has been diagnosed with the presence of a neoplasm.

[90145]  Substantially Pure: As used herein, the term “substantially pure” indicates that

a component of a composition makes up greater than about 50%, aliernatively greater than
about 60%, alternatively greater than about 70%, alternatively greater than about 80%,
alternatively greater than about 90%., alternatively greater than about 95%, of the total
content of the composiiion. A protein that is “substantially pure™ comprises greater than
about 50%, alternatively greater than abowt 60%, alternatively greater than about 70%,
alternatively greater than about 80%, aliernatively greater than about 90%, alternatively
greater than about 95%, of the total content of the composition

[000146] T-cell. As used herein the term “T-cell” or “T celi” is used in its conventional
sense to refer (o a lymphocvie 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 Ivse antigen-bearing cells. In some
embodiments the T cell includes without limitation naive CD8" T cells, cytotoxic CDB™ T
cells, naive CD47 T cells, helper T cells, e.g. Tul, Tu2, Ta9, Tull, Tu22, T regulatory T
cells, e.g. Trl, Tregs, inducible Tregs; memory T cells, e g. central memory T cells, effector
menory T cells, NKT cells, tumor infiltrating lymphocytes {(TilLs) and enginesred variants of
such T-cells including but not imited to CAR-T cells, recombinantly modified TiLs and TCR

engineered cells,

[600147]  Terminus/Terminal: As used herein in the context of the structure of a

polypeptide, “N-terminus” (or “amino terminus”} and “C-terminus” {or “carboxyl terminus™}
refer to the extreme amino and carboxyl ends of the polypeptide, respectively, while the

terms “N-terminal” and “C-termunal” refer 1o relative positions in the amino acid sequence of
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the polvpeptide toward the N-terminus and the C-terminus, respectively, and can inchude the
residues at the N-terminus and C-terminus, respectively. “Tmmediately N-terminal” refers to
the position of a first amino acid residue relative {0 a second amino acid residue in a
contiguous polvpeptide sequence, the first amino acid being closer to the N-terminus of the
polypeptide. “Immediately C-termimal”™ refers o the position of a first amine acid residue
relative to a second amino acid residue i a contiguous polypeptide sequence, the first anuno
acid being closer 1o the C-terminus of the polypeptide,

{606148] Therapeutically Effective Amount: The phrase “therapeutically effective

amount” as used herein in reference to the adnunistration of an agent to a subject, either alone
or as part of a pharmaceutical coroposition or treatment regimen, 1o a single dose or as part of
a series of doses in an amount capable of having any detectable, positive effect on any
svmptom, aspect, or characteristic of a disease, disorder or condition when administered {o
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 to diagnostic analysis of the subject’s condition, and the ike. The parameters for
evaluation to determine a therapeutically effective amount of an agent are determuingd by the
physician using art accepied diagnostic criteria including but not hmited to indicia such as
age, weight, sex, general health, ECOG score, observable physiological parameters, blood
fevels, blood pressure, electrocardiogram, computerized tomography, X-ray, and the like.
Alternatively, or in addition, other pararseters convuonly assessed in the chinical setting may
be monitored to determine 1if a therapeutically effective amount of an agent has been
administered to the subject such as body temperature, heart rale, normalization of blood
chemistry, normahization of blood pressure, normalization of cholesterol levels, or any
svmpton, aspect, or characieristic of the disease, disorder or condition, biomarkers (such as
inflanunatory cytokines, IFN-y, granzvme, and the like), reduction in serum tumor markers,
improvement in Respouse Evaluation Criteria In Solid Tumors (RECIST), troproverment i
Immune-Related Response Criteria (irR{), increase in duration of survival, extended duration
of progression free survival, extension of the time to progression, increased time fo freatment
failure, extended duration of event free survival, extension of time to next treatment,
improvement objective response rate, improvement in 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 improverent i the condition of
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the subject in response o admunistration of an agent. As used herein the terms “Complete
Response {CR),” “Partial Response (PR)Y” “Siable Disease (8D)” and “Progressive Disease
(PD)” with respect to target lesions and the terms “Complete Response (CR),” “Incomplete
Response/Stable Disease (SD)” and Progressive Ehsease (PD) with respect to non-target
lesions are undersiood to be as defined in the RECIST critenia. As used herein the terms
“immune-related Complete Response (irCR),” “immune-related Partial Response (irPR)”
“immune-related Progressive Disease (irtPD)” and “immune-related Stable Disease (158D as
as defined in accordance with the Immune-Related Response Criteria ((tRC). As used herein,
the term “Immone-Related Response Critena (rRCY refers to a sysiem for evaluation of
response to immunotherapies as described in Wolchok, er ol (2009) Guidelines for the
Fvaluation of Immune Therapy Activity in Sofid Tumors: Immune-Related Response Criteria,
Clinical Cancer Research 15(23): 7412-7420. A therapeutically effective amount may be
adjusted over a course of treatment of g subject in connection with the dosing regimen 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 serous adverse events in
the course of adminisiration o a mammalian subject.

[660149]  Transmembrane Domain: The term "transmembrane domain " or "TM " refers
to the domain of a membrane spanning polypeptide (e.g. a membrane spanning polypetide
such as C122 or CD132 or a CAR) which, when the memwbrane spanving polypeptide is
associated with a cell membrane, 15 which 1s embedded in the cell membrane and is in
peptidvi inkage with the extraceliular domain (ECD) and the intracellular domain (ICD} of a
membrane spanning polypeptide. A transmembrane domain mway be homologous (natorally
associated with) ot heterologous (not naturally associated with) with either or both of the
extracellular and/or intracellular domains. A transmembrane domain may be homologous
{naturally associated with) or heterologous (not naturally associated with} with either or both
of the exiracellular and/or intracellular domains. In some embodiments, where the receptor is
chimeric receptor comprising the intracellular domain derived from a first parental receptor
and a second extracelivlar domains are derived from a second different parental receptor, the
fransmembrane domain of the chimeric receptor 1s the transmembrane domain normally
associated with either the ICD or the ECD of the parent receptor from which the chumeric

receptor is derived. Alternatively, the transmembrane domain of the receptor may be an
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artificial amino acid sequence which spans the plasma membrane. In some embodiments,
where the receptor 1s chimeric receptor comprising the intracelhilar domain derived from a
first parental receptor and a second extraceliular domains are derived trom a second different
parental receptor, the fransmembrane domain of the chimeric receptor is the transmembrane
domain normally associated with either the ICD or the ECD of the parent receptor from
which the chimeric recepior is derived,

[300158] Treat: The ferms “treat”, “treating”, treatment” and the like refer {0 a course of
action (such as admunistering an IL2 muein, or a pharmaceutical composition comprising
same) initiated with respect (o a subject afier 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 permanenily, at least one of the
underlying causes of such disease, disorder, or condition affliciing a subject, or at least one of
the symptoms associated with such disease, disorder, or condition. The {reatment mcludes a
course of action taken with respect to a subject suffering from a disease where the course of
action results in the mhibition (e g., arrests the development of the disease, disorder or
condition or ameliorates one or more symploms associated therewith} of the disease in the
subject.

[0006151]  Treg Cell or Regulatory T Cell. The terms “regulatory T cell” or “Treg cell”

as used herein refers to a type of CD4™ T cell that can suppress the responses of other T cells
including but not imited to effector T cells (Teff}). Treg cells are characterized by expression
of CD4, the a-subunit of the 112 receptor (CD25), and the transcription factor forkhead box
P3 (FOXP3) (Sakaguchi, Annu Rev Immunol 22, 531-62 {2004). By “conventional CD4™ T
celis™ is meant CD47 T cells other than regulatory T cells.

[0006152]  Vanant The termos "protemn variant” or "variani protein” or "variant
polypeptide” are used interchangeably heramn to refer o a polypeptide that differs from a
parent polypeptide by virtue of at least one amino acid modification. The parent polypeptide
may be anaturally ocowrring or wild type (WT) polypeptide or may be a modified version of
a WT polvpeptide (i.e. mutein).

[0006153]  Wild Type: By "wild type” or "WT" or "native" herein is meant an amino acid
sequence or a nucleotide sequence that is found i nature, including allelic variations. A wild
type protemn, polypeptide, antibody. immunoglobulin, IgG, etc. has an anino acid sequence or

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

[
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Nomenclature Conventions:

[B00184]  In some embodiments, the hiL2 muteins of the present disclosure comprise
substitutions, deletions, or insertions relative to the wt hiL2 (SEQ 1D NO: 1) amino acid
sequence. Residugs may be designated herein by the one-letter or three-letter amino acid
code followed by the wt hIL2 amuno acid position, e.g., “Cys1257 or “C1257 refers to the
cysteine residue at posttion 125 of wt RIL2 (SEQ 1D NG:1). The following nomenclature 1s
used herein to refer to substitutions, deletions or insertions. Substitutions are designated
herein by the one letter amino acid code for the wt hiL2 residue followed by the 1L2 amino
acid position followed by the single letter amino acid code for the new substituted amino
acid. For example, "K35A” refers to a substitution of the lvsine (K) residue at position 35 of
Sequence I No. 1 with an alanine {A) residue. A deletion is referred to as “des” followed
by the amino acid residue and its position in wi hiL2 (S8EQ ID N 1), For example the term
“des-Alal” or “desAl” refers 1o the deletion of the alanine at position 1 of the polypeptide of

wthiL2 (SEG 1D NO:).

hiL2 Muteins

[B00155]  In some embodiments, the hIL2 muteins usefid in the practice of the methods
of the present disclosure that are partial agonists have one or more reduced functions as
compared to wi hiL2 In some embodiments, the hiL2 mutein consists of 1,2, 3, 4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, or 15 amino acid sabstitutions, modifications or deletions as compared
to wt RIL2 (SEQ 1D NO: 1),

[#00156] The present disclosure provides compositions comprising and methods
emploving a human IL2 ("hIL27) mutein useful in the treatment and/or prevention of
neoplastic disease, wherein the human L2 mutein exhubits decreased binding affimty for
CI132 relative to wild-type hiLZ ("wt hiL2”, SEQ 1D NO: 1) polypeptides, comprising the

amino acid sequence according fo the folfowing Formula 1
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T (AAD(AAZ-{AA-{AAD-(AAS-(AASY-(AAT s { AAS -
(AA9)-T10-0Q11-112-0Q13-L14-E15-H16-L17-(AA18)-1.19-D20-
L21-(AA22)-M23-124-L25-N26-G27-128-N29-N30-Y 31-K32-N33-
PA4-(AA3SL36-TIT-{ AA38)-(AA39)-L40-T41-F42-K43-F44-

Y 45-M46-P47-K48-K49-A50-T51-E52-L.53-K 54-( AA55)-L36-
Q57-C58-L39-E60-F61-E62-L63-K64-P65-L66-E67-E6&-{AAGT)-
L70-NT1-L72-A73-{AAT4)-ST5-KT6-NT77-F78-H79-{ AASO- 1
(AAB1)-PB2-R83-DE4-(AABS-{AASS)-587-NE]-{AAED)-NUO-
(AASTI(AAD2)-VO3-L94-EO5-LI6-{ AAYT)-(G98-899-E 100-T101-
T102-F103-(AA104)-C105-E106-Y 107-A108-( AAT09)-E110-
T11-AT12-(AAL13)-1114-V115-B116-F117-L118-N119-R120-
W121-1122-T123-F124-(AA125-(AA126)-8127-1128-1129-
(AAT30)-T131-L132-T133 —

—

wherein:
¢ eachofa b c d e f g h andiisindividually selected from 0 or 1;
e AAT s A (wild type, a=1} or deleted {(a=0);
e AAZi1s P {wild type, b=1} or deleted (b=0};
¢ AAZ T (wild type, c=1}3, C, A G, Q E, N, D, R K, P, or deleted {¢=0};
e AA4i1s S (wild type, d=1) or deleted (d=0};
& AAS1s S (wild type, e=1) or deleted {e=0);
e AA613 S (wild type, I=1) or deleted (=0);
s AAT 18T (wild type, g=1} or deleted {g=0);
e AA8 s K (wild type, h=1} or deleted (h=0);
e AA9i1s K (wild type, 1=1) or deleted (i=0};
e AAI8isL{wildtvpe)or RLGMFEH WK QS VLY HDoT,
e AAZZ B Q{wildiypeayor FEGALME W EKS VLY HRNDT O
F,
e AA3S s K {(wildiype} or E;
s AA3R1s R (wild type}, Wor G;
e AA39i1s M {wildivpe}, Lor V.
e  AAS5 s H (wildtype)or Y.
o AAGY I3V (wildtype) or A;
¢ AAT41s Q(wildtyper, P, N, H, 8
o AAR0 s L (wild tvpe), For V;
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e AABl is R{wiidtvpe), L Dor T,

e AABS s L {wild type)or V;

o AA85 s T{wildtype}orV;

¢ AAEDIs T (wild type) or V;

o  AA92 s 1{wildtype}or F;

e AADT 15 K (wild tvpe) or (3

s AAI041s M (wild type} or A;

e AAT0Y1s D {(wildtype), € or a non-natural anuno acid with an activated side
chain;

¢ AAN3 s T (wild type) or N

o AAIZS i3 C (wildtype), A or §;

g AARGIsQ(wildtvpeyor UMK, C D E G LR, S, or T; and

s AAI30is S {wildtypel, T, Gor R,

[980157]  The hiL2 muteins of the present disclosure possesses decreased binding
affinity to hCIM32 (SEQ 1D NO:5) or the extracelivlar domain of hCD132 if the hil.2 mutein
binds with <70%, alternatively <65%, alternatively <60%, alternatively <55%, altematively
<50%, alternatively <45%, aliematively <40%, alternatively <35%, alternatively <25%,

altematively <20%, altematively <15%, alfematively <10%, or altematively <3% of the

atfimity of wt hiL2 (SEQ 1D NO: 1) for hCD132 {or the extracelular domain thereof).

[866188] In certain embodiments, the hiL2 mutein disrupts the association of the
CD122 with the CDB132 such that this CD122/CD132 mteraction s reduced by about 2%,
about 5%, about 10%, about 15%, about 20%, about 5309, about 75%, about 90%, about 95%
or more relative to wild type hiL2.

[006159]  In sorse embodiments, the hIL2 mutein exhibiis decreased binding affimity for
C3132 relative wt L2 and retains signmticant binding affivaty for CD122 and/or CDZS.

[0006166] 1o some embodiments, the hiL2 mutein exhibits decreased binding affinity for
CD132 relative to wt hil2 and exhibiis binding affinity for hCD122 (SEQ 1D NG:3), or the
ECD thereof {SEQ 1D NO:4), comparable to or greater than wihIL2, An IL2 mudein refains
hinding affiouty for hCD122 (or the ECD thereof) coroparable to or greater than wi hiL2 if
the hiIL2 mutein binds to hCD122 (or the ECD thereof) with greater than about 50%,

altemnatively >60%, alternatively >65%, alternatively >70%, alternatively >75%, alternatively
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>80%, alternatively >85%, alternatively >00%, alteratively >90%, alternatively >95%,
alternatively >100% the, aliematively >105%, alternatively >110%, alternatively >115%
alternatively >125%, alternatively »>150%, alternatively >200%, alternatively >300%,
alternatively >400%, alternatively >500% of the binding affinity of wt hIL2 (SEQ 1D NG 1)
for wild type laman CD122 (SEG 1D NO:3) or ECD thereof,

[000161] 1o some embodiments, the hiL2 mutem exhibits decreased binding affinity for
CD132 relative to wt hiL2 and retains binding affinuty for D25 comparable to or greater
than wt hiL2. An H.2 mutein retains binding affinity for hCD2S comparable 1o or greater
than wt hiL2 if the hiL2 mutein binds to hCD25 with greater than about 50%, alternatively

75
i)
i

>60%, alternatively >63%, alternatively >70%, altermmatively >75%, alternatively >80%,

alternatively >85%, alternatively >90%, alternatively >90% the affinity of wild type [L2,
altemnatively >95%, alternatively >100% the affinity of wild type [L2, alternatively >1059%,
alternatively >110%, alternatively >113%, alternatively >125%, aliemnatively >150%,
alternatively >200%, alternatively »300%, alternatively >400%, alternatively >300% of the
affinity wt hiL2 (§EQ 1D NGO 1) for wild type hCD25 (8EQ 1D N{G:2) and/or sh{UD25.

[680162]  In some embodiments, the hIL2 mutein exhibits decreased binding affinity for
CD132 relative to wit hiL2 and retamns bindimg affwuty for C3122 and CD25 comparable o
or greater than wt hilL.2,

[660163]  In some embodiments, the hiL2 mutein exhibits decreased binding affinity for
hCD132 relative to wi hiL2 and demonstrates increased binding affinity to the
hCD25/MCD122 receptor coroplex and/or the high affiuty hCD2S/hCDI22/CD132 receptor
complex relative to wt hilL.2,

[680164]  In some embodiments, the hil.2 mutein exhibits decreased binding affinity for
hCD 132 relative to wi hiL2 and demonstrates binding afthnity for the hCD2S/hCD122
receptor complex comparable to or greater than to wt hiL2  An hiL2 mutein exhibits
decreased binding affinity for hCD132 relative to wt hIL2 and demonstrates binding affinity
for the hCD25/ACDI122 receptor complex comparable (o or greater than to wi hiL2 if the
RIL2 routen binds to hCD2Z5/ACDT22 complex with greater than about 509, alternatively
>60%, alternatively >65%, alternatively >70%, alternatively >75%, alternatively >80%,
alternatively >85%, altemaﬁve}y >G0%, alternatively >90% the affinity of wild type IL2,

alternatively >95%, alternatively >100% the affintty of wild type [L2, a}temaﬁveiy >105%

alternatively >110%, altemaﬁveiy >115%, alternatively >125%, altematively >1509%
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alternatively >200%, altematively >300%, aliernatively >400%, alternatively >3500% of the
affimity wit hiL2 (SEQ ID NO: 1) {or the hCD23/hCD122 receptor complex.

[000165]  In soroe embodiments, the hIL2 rmoutein exhibiis decreased binding affinuty for
h{CD132 relative to wi hiL2Z and demonstrates binding affinity for the
hCD25/MCDI122/C 32 receptor complex comparable o or greater than to wthiL2. An
hiLZ mutein exhibits decreased binding affintty for hCDI32 relative to wi hiLZ2 and
demonstrates binding affinity for the hCD25/hCD122/CD132 receptor complex comparable
10 or greater than to wt hiL2 if the hIL2 mutein binds to hCD2S5/hTD122/CD132 complex
with greater than about S0%, alternatively >60%, aliematively >65%, atematively >70%,
alternatively >75%, alternatively >80%, alternatively >85%, alternatively >90%, alternatively
>00% the affinity of wild type IL2, alternatively >95%, alternatively >100% the affinity of
wild type IL2, alternatively >105%, alternatively >110%, allernatively >115%, altermnatively
>125%, altematively >150%, alternatively >200%, altervatively >300%, aliernatively
>400%, alternatively >300% of the affimity wt HiL2 (SE(Q 1D NO: 1) for the
hCD25/hCD122/hCD132 recepior complex.

[000166]  In some embodiments, the hIL2 mutein exhibits decreased binding afthnity for
hCD132 relative to wt hiL2 and dersonstrates increased binding affinaty to the
hCD25/h{CD122 receptor complex and the high affinity hCD25/h{CD122/hCH132 receptor
complex relative to wt hiL2. In some embodiments, the hiL2 mutein exhibits decreased
binding affinity for CD132 relative to wit hiL2 and demonstrates increased binding affinity
for CD122 in the presence of {25, membrane bound CD25 or sCD235, comparable to or
greater than wt hiL2. In some embodiments, the hiL.2 muteins of the present disclosure
comprise one or more amine acid substitutions that decrease CD132 receptor binding. In
some embodiments, the oue or more amuno acid substitutions that decrease CD132 receptor
binding affinity are selected from those anuno acids that are at the interface between hiL2
and hCD132. The crystal structure of hiL2 and its interface with hCD132 has been published
and other studies have been conducted which have identified those positions of the hiL.2
molecule which have been identified as interacting with binding of hIL2 to CD132 include
residues L18, 22, Q126, T123, §127, 1129 and S130. In some embodiments, substiiutions
at L18 include L1SR, L18G, L18M, L18F, LISE, L18H, L18W, LI8K, L18Q, L1583, L1g&V,
LARE LISY, Li18H, L18D, LISN and L18T. In some embodiments, substifutions at Q22
include Q22F, Q22E. Q22G, Q22A, Q220 Q22M, Q22F, Q22W, Q22K 0228, Q22V, Q221
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Q22Y,Q22H, Q22R, Q22N, 225, Q227 and F. In some embodiments, substitutions at
Q126 include G126, Q126M, Q126K, Q126C. Q126D, Q126F, Q126G, Q1261 Q126R,
(1268, or Q126T. In some embodiments, substitutions at $130 include S130R and S130G.
{600167]  In some embodiments, the hiL2 mutein exhibiting decreased binding affinity
for hCI¥E32 relative to wt hiL.2incorporates wodifications to the privnary structure of the wild
type IL2 incorporating modifications at positions1&, 22 and/or 126 numbered in accordance
with wild type hiL2. In some embodiments, the hiL.2 mutein exhibits decreased binding
affinity for hCD132 relative to wt hiL2 when modifications 1o the primary structure of the
wild type IL2 incorporates a single substitution at one of L18, 922 and/or Q126 numbered in
accordance with wild tvpe hiL2 including but not linuted to the anuno acid substitutions:
{Q126H] also referred to herein as “LOH”; [(Q22F] also referred o herein as “LEQ™ and
{L18R] also referred to herein as “RQQ™
[800168]  In some embodiments, the hiL2 mutein exhubiis decreased binding affiruty for
h{C132 relanive to wit hil.2incorporate modifications to the primary structure of the wild
type IL2 incorporates a single substitution at one of L18, 22 and/or (4126 numbered in
accordance with wild type hiL2 inchuding but not limited to the sets of amino acid
substitutions: [Q22E, Q126H] also referred to herein as “LEH”; and [LISR; Q126H] also
referred to herein as “R{OQH”.
[660169]  In ceriain embodiments, the disclosure provides hil2 muteing comprising the
substitutions at posttions 18, 22 and 126 wherein the substitutions at posttions 18, 22 and 126
are selected from:
s one of LIBR, LI1SG. L18M, LISF, LISE, L18H. LI8W. L18K, L18Q, L188. L18Y,
LI8E Li8Y, L18H, LI&D, Li8N, and LI8T,

s one of QI2F, Q22E. Q22G, Q22A, Q22L, Q22M, Q22F. QI2W, Q22K Q228, Q22V,
Q221, Q22Y. Q22H, Q22R. 22N, Q22D, Q22T, and F; and

s one of QI26H, Q126M, Q126K Q126C, Q126D. Q126E, Q126G, Q1261 Q126R,

01268, and Q126T.
Exemplary hiL.2 muteins comprising substitutions at posttions 18, 22 and 126 numbered in

accordance with wild type hiL2 including the sets of amino acid substitutions as provided in

Table 4 below.
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Table 4. 18, 22 and 126 Substitution hiL.2 Mueins
kb2 Residue Position
Abbreviation 18 22 126
AEH A E H
AEK A E K
DEH D E H
EEK E K
FEH F E H
GEH G E H
HEH H E H
HEK H E K
IEH i E H
TEK i E K
KEH K E H
MEH M E H
NEH N E H
QEH O 3 H
RAH R A H
RDH R D H
REH K E H
REE R E E
REK R E K
REM R E M
RET R E T
REY R E AY
REL R E L
REF R E <
REM R E N
RER R E R
REY R E Y

- 859 .
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Table 4. 18, 22 and 126 Substitution hiL.2 Mueins
kb2 Residue Position
Abbreviation 18 22 126

RFH R F H
REGH R G H
RHH R H H
RiH R i H
RKH R H
RLH R L H
RMH R M H
RNH R N H
RRH R R H
RSH R S H
RTH R T H
RTK R T K
RVH R AY% H
RWH R W H
KYH R Y H
SEH S E H
TEH T E H
YVEH v E H
VEK AY E K
WEH W H
YEH Y E H

{6601 78  Note that the three-letier abbreviation for the particular L2 mutein reflects an
TL2 mutein having the mutations at positions 18, 22 and 126, for example “FEH” 15 shorthand
nomenclature for an IL2 mutein comprising the substitutions LI8F, Q22E and Q126H. The
names provided above are used throughout this specification to refer to the one or nmore sets

of amino acid substitutions in the hIL2 muteins evaluated herein.

- 60 -
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[880171]  In some embodiments, the hiL2 muteins of the present disclosure comprise
one or more aminoe acid substitutions that imcrease hCD122 receptor binding (or binding (o
the ECD of hCD122). In some embodiments, the hIL2 mutemn 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 mutations that increase CD122 binding
atfinity. In certain embodiments, the subject L2 mutein useful in the practice of the methods
of the present disclosure inciudes at least one mutation (2.g., a deletion, addition, or
substittion 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 wi hIL2 such that the hIL2 mudein binds the CD 122 with higher
affinity than wt hiL2. In certain embodiments, the hiL2 mutein binds €122 with an affinity
that is at least 196, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
$S5%., 60%, 63%, 70%, 75%, 80%, 5%, 0%, 95%, 96%, 97%, 98%, or 99% greaier than
wild type IL2. The binding affinity of IL2 mutein can also be expressed as 1.2, 1.4, 1.5, 2, 5,
10, 15, 26, 25, 50, 100, 200, 250 or more fold greater affinity for the CD22 than wt hil.2.

[866172]  In some embodiments, the one or more amino acid substitutions that increase
hCD122 receptor binding affinity are selected from those amino acids that are at the mterface
between hL2 and hCI3122. Based on the crystal structure of hIL2 with its receptor, those
posttions which have been identified as interacting with binding of hiL2 to hCD 122 inciude
et are not limited 0 374, L8O, R8I, L85, IB6, 1839V, and 192 numbered in accordance with
mature wi hiL2. Examples of amino acid substitutions that enhance CD122 bindmg affimity
include but are not linuted to Q74N, Q74H, 3748, LBOF, L8OV, R81D, RRIT, L85V, 186V,
IS0V, and/or 192F or combinations thereof. In certain embodiments, the amino acid
substitutions that increase CD122 binding affinity comprise: LROF, R81D, L85V, 186V and
[92F. In some embodiroents, the anuino acid substitutions that increase CD122 binding
atfinity comprise: N74G, LROF, RR1D, LRSSV, 186V 189V, and I92F. In some embodiments,
the amino acid substitutions that increase CD 22 binding affinity comprise: 374N, L8OV,
REIT, L83V, 186V, and 192F . In cerfain embodimenis, the anuno acid substituiions that
increase C122 binding affinity comprise: Q74H, L8OF, R81D, LSV 186V and I92F. In
some embodiments, the amino acid substitutions that increase CD122 binding affinity
comprise: (748, LEOF, RB1D, L85V, IRGV and I92F. In certain embodiments, the aming acid
substitutions that increase CD122 binding affinity comprise: Q74N, LEOF, R81D, LSV,

186V and 192F. In certain embodiments, the anuno acid substitutions that increase CD122
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binding affinity comprise: (3748, R81T, L85V, and I92F numbered in accordance with
mature wt hiL.2,

[000173]  In one aspect, the present disclosure provides hiL2 muterns extubiting
significant or enhanced binding affinity for hCD235 and reduced binding affinity for hUD132
{(or the extracelhudar domain of hCI¥32) receptor as cormpared to wild type human L2
{(hiL2). In some embodiments, the hiL2 muteins of the present disclosure comprise one or
more amino acid substitutions that increase hCD23 binding. In some embodiments, the one
or more amino acid substifutions 1o increase hUD235 receptor binding affinity are selected
from those amino acids that are at the interface between hiL2 and hCD2S5. In some
embodiments, the IL2 muteins coraprise one or more mutations in positions of the 112
sequence that either contact CD25 or alter the orientation of other positions contacting CD25
resulfing n an TL2 mutein possessing increased affimity for CD2ZS. Based on the crystal
structure of BiL2 with s receptor and other studies, those positions which have been
wdentified as interacting with binding of h1L2 to hCID25 nclude V69 and 74, numbered in
accordance with mature wt hiL2. In some embodiments, the IL2 muteins of the present

disclosure comprise one or more the substitutions V69A and G74P.

Additional Sequence Modifications;

{606174] In addition to the foregoing amino acid substitutions and modifications to the
wi hiL2 sequence that modulate the binding activity of the hIL2 mustein with respect to
CD25, (D122 and/or CD132, the hiL.2 may optionally provide one or more modifications {o

the primary sequence that provide additional benefits.

[866175] Removal of Glvcosylation Site: The hil2 muteins of the present disclosure

may comprises modifications to ehiminale the O-glyvcosylation site al posttion Thr3 (T3) to
facilitate the production of an a-glycosylated hiL2 mutein when the IL2 mutern is expressed
in a eucarvotic expression system, particularly in mammalian host cells such as CHO or HEK
cells. In one embodiment, the hIL2 mutein of the present disclosure comprises an amino acid
modification, deletion or substitution site at posttion Thr3 {T3) of human 112 to prevent the
O-glvcosylation at T3, In one embodiment, the modification at T3 is an amino acid
substitution. Exemplary amino acid substitutions include T3A, T3G, T3Q, T3E, T3N, T3D,
T3R, T3K, and T3P which removes the glvcosylation stte at position 3 without eliminating

iological activity {see U.S. Pat. No. 5,116,943; Weiger ef o/, {1989} Eur. J. Biochem,,
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180:295-30G0}). In one embodiment, the hIL2 mutein comprises the amino acid substitution

T3A,

[880176] Minmizing Vascular Leak Svndrome: In some embodiments of the disclosure,

the L2 mutein comprises amino acid substitutions to avoid vascular leak syndrome, a
substantial negative and dose hmiting side effect of the use of IL2 therapy in human beings
without out substantial loss of efficacy. See, Epstein, ¢f ¢/, Umited States Patent No,
7.514,073R2 issued April 7, 2009, In one embodiment, the hiL.2 mutein further compriges
one or more an aming acid substitutions selected from R38W, R38G, R39L, R399V, F42K and

H35Y.

[880177)  Oxadation Resistance M104A: In some embodiments of the disclosure, the
hiL2 mutein comprises amino acid substitution of methionine 104 with an alanine residue
{(M1G4A). Such IL2 muteins may be more resistant to oxidation and loss of activity. {See
Koths, ef ol Uruted States patent 4,752,585 1ssued June 21, 1988).

[B00178]  Cysl25 The wt hiL2 sequence comprises an unpaired cysteine residue at
position 125, Unpaired cysteines present the opportunity for musfolding of the protein by
mcorrect disul{ide bridges between cysteine sulthydryl groups. This may be a particudar
issue when the hiL2 mutemn expressed recombinantly m bacteria and isolated from inclusion
bodies. Consequently, the hilL.2 mutein of the present disclosure may optionally comprise an
amino acid substitution at position 125. In some embodiments, the substitution is C123A or
C125s.

080179  ¥VOl: In some embodiments, the CD2S biased IL2 mutens usefut 1n the
practice of the methods of the present disclosure comprise an anuno acid substitution at
position 91, In some embodiments, the methods of the present disclosure comprise the
freatment of a neoplastic disease with an L2 routein conprising a substiution at position 91
selected from VOIK, VIIR, V91K, In some embodiments, the methods of the present
disclosure comprise the treatment of a neoplastic disease with an IL2 mutein comprising a
substitution at position 91 selected {rom V91K, VOIR, VOIK are used m the form of a Fe
fuston as more fully described i Gavin, et al. Untied States Patent 9,580,486B2 granted
February 28, 2017 the teaching of which is herein incorporated by reference with respect fo
the construction Fe fusions of 112 muteins comprising a substitution at position 91

[060188]  Incorporation of Non-Natural Anuno Acids: In some embodiments, the CD25

biased 1.2 muteins useful in the practice of the methods of the present disclosure comprise
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the imcorporation of a PEG structure to interfere with binding to the CD132 and bias the
activity of the molecule toward CD25+ T cells. Examples of such molecules which are
disclosed as useful in the treatment of mflammatory and autoimmmme indications include
those described in Placin, er af., (PCT International Application No. PCT/US2018/045257
filed August 3, 2018 and published Febroary 7, 2019 as International Publication Number
WO 2019/028419A1L One embodiment of such PEG L2 mutein s the PEGylated 112
molecule identifiad as THOR-809 as described in Ptacin, ¢f o/ (2019) THOR-809: An il.2
Engineered from an Fxpanded Genetic Alphabet for the Potenticd Treatment of Autoimmune
Disorders, Abstract 89, 2019 PACR/ARP Annual Meeting, November 8-13, 2019 Atlanta;
Arthritis Rheumatol 2019 7i{supplement 10).

{00181  Affinitv Maturation: In some embodiments, hiL2 muteins may be affinity
matured to enhance their affinity for CD25 and/or CD 122 resuliing in modifications to the
amuno acid sequence of the WL2 moutein. An "affinity matured” polypeptide 15 one having one
or more alteration(s) in one or more residues which results in an improvement in the affinmity
of the polypeptide for iis receplor, or vice versa, compared to a parent polypeptide which
does not possess those alteration(s). Affinmily maturation can be performed {0 increase the
hinding affiouty of the L2 nwtein by at least about 10%, alternatively at least about 50%,
alternatively at least about 100% alternatively at least about 150%, or from twofold,
threafold, fourfold or fivefold as compared to the parent L2 muiein polypeptide.

[800182]  N-terminal Deletions: The hiL2 muteins may {urther comprise elimination of

N-terminal amino acids at one or more of positions -9 {compounds of the above Formula 1
where a, b, ¢, d, e, T, g, h, and 1 are all zero), altematively positions -8 {compounds of the
above Formulda Twhere a, b, ¢, 4, e, f, g, and h are all zero}, alternatively positions 1-7
{compounds of the above Formula Iwhere a, b, ¢, d, e, f, and g are all zero), alternatively
posttions 1-6 {compounds of the above Formula twhere a, b, ¢, d. e, and f are all zero),
alternatively positions 1-5 (compounds of the above Formuda 1 where a, b, ¢, d, and e are all
zero}, alternatively positions 1-4 (compounds of the above Formula 1 where a, b, cand d are
all zero), alternatively positions des!-3 {compounds of the above Formula | where a, b, and ¢
are all zero), alternatively positions 1-2 {compounds of the above Formula 1where a and b are
zero), or altematively positions 1 (compounds of the above Formula 1 where a1s zero) while

retaiing KIL2 activity and reduced binding affingy for CDI32,
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[600183]  1L2 muieins may comprise deletion of the first two amino acids (desAlai-
desPro2) as well as substitution of the Thr3 glycosylation with a cysteine residue fo facilitate
for selective N-termunal modification, especially PEGylation of the sulfhvdryl group of the
cvsteing (See, e.g Katre, ef gl United States Patent No. 5,206,344 issued April 27, 1993),

[600184]  WihIL2, when expressed endogenously in mammalian cells, is expressed as a
pre-protein coraprising a signal peptide which is efficiently cleaved in maromalian cells
resulting in the N-terminal anuno acid of the mature hiL2 polvpeptide being an alanine
residue (Alal) While expression of the hiL2 muteins in mammalian cells is possible, it
typrcally more expensive than bacterial cell production and expression in mammalian cells
may also result in non-natural glycosylation of the hilL2 depending on the cell line used.
Consequently, production of the hiL2 mutein in bactenial cells mav preferred in certain
circumstances. However, direct expression (1.e, not as a {usion protein} of a hIL2 peptide in
bacterial cells resulls n the addition of a N-terminal methionine residue. It the Alal of the wit
IL2 sequence is retained, this resulis in a proline at the +2 position relative to N-terminal
methionine. When a proline is present at the +2 position relative to the N-terminal
methionine, the endogenous bacterial methionyl amino peptidase (MAP) does not efficiently
cleave the N termanal methionine. Counsequently, bactenial direct expression of the Met-1L.2
results in a mixture of 1L.2 species, a fraction having an N-terminal and another species
lacking the N-terminal methionine. Such a mixture of 1L.2 species is difficult to resolve by
tvpical manufacturing procedures which resulis m mcreased processing, loss of product and
creates difficulties when atterapting to conjugate the 1L.2 mutein to N-ternunal moiely such as
a targeting moigty or PEG molecule. Howeaver, by deleting Alal from the L2 mutein, the
residue in the +2 position relative (o the N-ierminal methionine is a threomne (T3} which
resulis i very efficient cleavage of the N-termunal methionine and facilitates bactenal
production of the 1.2 mutein. In some embodiments, the present disclosure, provides hiL.2
muteins comprising a deletion of the alanine at position 1 {des-Alal; des-Al mumbered in
accordance with hil.2).

[B00185]  Agonist Activitv: In some embodiments, an hIL2 mutein of the present

disclosure is a partial agonist, full agonist or superagonist with respect o activation and/or
profiferation of immune cells such as T cells including engineerad T cells or isolated T cells.
In some embodiments, an hil.2 mutein of the present disclosure 1s a partial agonist, full

agorist or super-agonist of STATS phosphorviation in an inunune cell. In some
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embodiments, the hiL2 mutein of the present disciosure is a partial agonist that induces
STATS phosphorvlation in an hiL2 receptor positive immune cell at a level that s 1%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 63%, 70%, 75%, 80%, 85%,
90%, 95% or less of the level that wild type 1LZ stimudates STATS phosphorviation in the
same cell type In some embodiments, the hIL2 muten of the present disclosure 1s a full
agonisi that induces STATS phosphorylation 10 an hiL2 receptor positive tmumume cell at a
evel of from 95% to 105% of the level that wild type IL2 stimulates STATS phosphorylation
in the same cell type. In some embodiments, the hil.2Z mutein of the present disclosure is a
super agonist that indaces STATS phosphoryiation in an hiL2 receplor positive immune cell
at a level of greater than 1053%, alternatively greater than 110%, altemaﬁveiy greater than
120%, alternatively greater than 150%, alternatively greater than 200% (twofold),
alternatively greater than 300% (threefold) of the level that wild tvpe 1L2 stumulates STATS
phosphoryiation in the same cell type. In particular embodiments, the immnume cell 1sa ™
cell. In particular embodiments, the immune cell is a CO8+ T cell. In some embodiments, the
DB+ T cell 18 a freshly 1solated CDB+ T cell. In some embodiments the freshly isolated
CD8 + cell 1s a TiL. In other embodiments, the CD8+ T cell 1s an activated CD8+ T cell In
particular embodiments, the immune cell is an engineerad iomune cell including but not
limted to a CAR T cell, TCR engineered cell, engineered Treg, or engingered NK cell.
[660186]  In some embodiments, an hiL2 mutein of the present disclosure is a partial
agorust, full agonist or super-agorust of pERKI/ERK? signaling 1 an hiL2 receptor positive
mmimune cell, In some embodiments, the hiL2 mutein of the present disclosure is a partial
agonist that stimulates pERKI/ERK?2 signaling at a level that is 1%, 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95% or less
of the level that wild type IL2 stimulates pERKI/ERKZ signaling in the same cell type To
some embodiments, the hiL2 mutein of the present disclosure is a full agonist that stimulates
pERKI/ERK2 signaling in an hiL2 receptor positive immune cell at alevel of from 95% to
105% of the level that wild type 112 stirmaulates pERKI/ERKZ signaling 1u the sarve cell type.
In some embodiments, the hiL.2 mutein of the present disclosure 15 a super agonist that
stimulates pERKI/ERK?2 signaling in an hIL2 receptor positive immune cell at a level of
greater than 103%, aliernatively greater than 110%, aliernatively greater than 120%,
alternatively greater than 150%, altematively greater than 200% (2 fold), altematively greater

than 300% (3 fold) of the level that wild type IL2 stimulates pERK/ERKZ signaling in the
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same celi tvpe. In particular embodiments, the immune celi is a T cell. In particular
embodiments, the tmmune cell is a CD&+ T cell In some embodiments, the CD8+ Teellis a
freshly isolated CD8+ T cell In some embodiments the freshly 1solated CD¥ + cell 1s a TIL.
In other embodiments, the CD&+ T cell is an activated CD8+ T cell. In particular
embodiments, the immune cell is an engineered immune cell including but not hmited to a
CAR T cell, TCR engineered cell, engineered Treg, or engineered NK cell.

[90187] STATS and ERK /2 signaling can be measurad, for exanmple, by
phosphorviation of STATS and ERK1/2 using any suitable method known in the art. For
example, STATS and ERK1/2 phosphorylation can be measured using antibodies specific for
the phosphorylated version of these molecules.

[#00188] In certain embodiments, the hiL2 mutein of the present disclosure nufein
useful in the practice of the methods of the present disclosure is a partial, full or super agonist
as measured by the ability of the L2 routein to induce tymphocyie proliferation as
compared to wild type hiL2. In some embodiments, the hiL2 mutein of the present disclosure
is a partial agonist that induces lymphocyte proliferation at a level that is 1%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, S0%, 55%, 60%, 65%, T0%, 73%, 80%, 85%, 90%, 95%
or less of the level that wild tvpe 112 mduces Ivrophocyvte proliferation in the same cell type
In some embodiments, the hiL.2 mutein of the present disclosure 15 a full agonist that induces
tvmphocyte proliferation in an hiL2 receptor positive imoume cell at a level of from 95% to
105% of the level that wild tvpe IL2 induces vmphocyte proliferation in the same cell type.
In some embodiments, the hiL2 nwein of the present disclosure is a super agonist that
induces lymphocyie proliferation signaling in an hIL2 receptor positive imnnumne cell at a
level of greater than 105%, altematively greater than 110%, alternatively greater than 120%,
alternatively greater than 150%, alternatively greater than 200% (2 fold), alternatively greater
than 300% (3 fold) of the level that wild tvpe IL2 mduces lymphocvte proliferation in the
same cell type. In particular embodiments, the immune cell is a T cell. In particular
embodiments, the immune ¢cell is a CD8+ T cell. In some embodiments, the CD8+ Teell is a
freshly isolated CD8+ T cell. In some embodiments the freshly isolated CD8 + cell 15 a TIL.
In other embodiments, the CD8+ T cell 15 an activated CD8+ T cell. In particular
embodiments, the immune cell 18 an enginegred immune cell including but not imited to a
CAR T cell, TCR engineered cell, engineered Treg, or engineered NK cell. In some

embodiments, the lvmphocyte is a T cell. In particular embodiments, the lymphocyte is a
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primary CD8+ T cell. In other embodiments, the lvmphocyte is an activated CP8-+ T cell.
Immune cell proliferation can be measured using any suitable method known in the art. For
exarnple, lymphocyte proliferation can be measured using a carboxytluorescein diacetate
succinimidyi diester (CFSE} dilution assay or by {31-1}-thymidine incorporation, as
described herein.

[980189]  As the hiL2 mutein of Formula 1 retaing binding to both the CD22 and
CD132 receptor components, the hiL.2 mutein may act as a partial agonist of natural killer
(NK) celis. 1L.2 activation of NK cells can be measwred by any suitable method known in the
art, for example, by measuning IL.2 induced CD69 expression and/or eytotosicity, as
described herein,

In vitre Evaluation of BI1L2 Muteins:

{6001908] To demonstrate the activity of the hiL2 muteins having decreased binding
affimity for CD 132 relative to wild-type hIL2 of the present disclosure and their preferential
activation of CD25 expressing cells, a series of hIL2 muteins were prepared and evaluated for
their ability to provide selective activation of YT cells, an NK cell expressing the
intermediate affinity dimeric form of the IL2 receptor and a YT cell variant referred as YT
CD25 which 15 a YT cell that has been modified to express CD25 on its surface GCD25+)
resulting in a human inunune cell that expresses all three components of the high affinity
trimeric IL.2 receptor.

[B00191] A series of exemplary hIL2 muteins of Formula 1 were prepared and tested
comprising anuno acid substitutions at positions 18, 22 and/or 126 which interface with
{13132, The molacules were prepared and tested in substantial accordance with the teaching
of the Examples 1-7 herein. The results of these expertments are provided in Figures 1, 2 and
3 of the attached drawings. As illustrated in Figure 1, the hIL2 muteins comprising amino
acid substitutions mvolved in the binding of hiL.2 to hCDI132 at positions 18, 22 and/or 126
demonstrated significant increases in pSTATS signaling demonstrating in YT CD25 cells that
the hIL2 muteins retain significant hIL2 activity relative to wi hIL2Z. As iHustrated in Figure
2, KiL2 routeins of the present disclosure demounstrated preferential pSTATS signaling
activity relative fo wild type RL2 on CD25 positive YT CD25 cells relative to the CD25
negative YT cells. The data from the dilution of these molecules is provided in Figure 3 of

the attached drawings.
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[660192]  An additional study was conducted to evaluate additional hIL2 muteins of the
present disclosure for activity in CB¥4 positive human T cells, 3F8 cells. The 3F8 cell line
was generated by activation of PBEMCs obtained from a healthy human donor with the EBY
transformed B cell line JY. The CD4 positive T cell clone 3F8 expresses D25 and CD122
and proliferates and produces IFNy in response to 1L-2. Additional representative hilL.2
nteins of the Formula 1 as detailed in Table 5 below were evaluated for proliferative
activity and IFNy production in 3F8 cells accordance with the teaching of Example & herein.
The data from this experiment s provided in Table 5 below and Figure 4 {cell proliferation)
and Figure 5 (IFNy) production) of the attached drawings. The 150 15 corrected for the

protemn concentration in the transfection supernatant.

Table 5 Proliferation and IFNy Production by Hurnan CD4 Positive T Cell
Clone 3F% In Response to hiL.2 Muieing
. Proliferation IFNy Production
Construct oo (pM) ICa (M}

-2 307 19.7

REK 142 17.7

REE 33, 184

REM 326 2.7

REV 20.8 212

REL 68.4 338

REF 37.6 383

REN 13.7 157

RER 131 13

REY 19.3 221

AEK 13.7 19.0

EEK 36,0 587

YEK 15.5 4.6

HEK 20,9 304

IEK 10.0 8.8

RTK 62.8 NA

The foregoing data in Table 5 and Figures 4 and 3 demonstrate that h1L2 muteios of the
present disclosure having decreased binding affinity for (13132 relative to wt hil.2 are
effective in stimulating the proliferation of and production of IFNy from CD25+/CD 122+
human immune cells.

Assessment of Anti-Neoplastic Activily

- 69 -
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[660193] The present disclosure provides compositions and methods emploving a hil.2
mutein in the treatment and/or prevention of neoplastic disease, wheremn the human L2
mutein, among other properties, exhibits decreased binding affinuty for CD132 relative to wt
hiL2. To demonstrate the utthity of this approach, additional in vitro characterization studies
and in vivo studies to evaluatle therapeutic efficacy, toxicity and pharmacokinetics in rodenis
and non-human primate were perforroed as described m more detail below. Cumulatively,
the results of these studies demonstrate that the hil.2 muteins of the present disclosure at
therapeutically effective and well-tolerated doses and exposures provide: {a} selective
activation and/or proliferation of hursan tmmune cells expressing the high affimity hil-2
receptor, in particular antigen activated T cells, antigen experienced T cells and regulatory T
cells; (b} significantly lower toxicity than wt hiL2 including lower evidence of vascular leak
syndrome (VLS): and (¢} while extubiting significantly reduced biological activity on NK
cells or naive, CD25 negative T cells,

[390194] hiL2 Mutein Test Agents: To conduct these extensive in vitre charactenzation
studies and iz vivo studies demonstrating the utility of the hiL2 muteins of the present
disclosure in the effective treatment of neoplastic disease in mammalian subjects, exemplary
RIL2 routens of Formula 1 comprising amino acid substitutions at posttions 118, Q22 and
{3126 substitutions were evaluated as representative members of the compounds of Formula
1. As previously discussed, modification of hil.2 af positions L1&, 322 and (3126 provides a
hiLZ mutein having modulated affiuty to hCD32 vet typically exhibits binding to hCD25
and hCD122 comparable to wit hiL2. Two represemiative L18, Q22 and (3126-modified hil.2
muteins (STK-008 and STK-011) and a surrogate muwine IL2 {miL2) mutein {$TK-014), the
struciures of which are provided below, were used for these studies.

[980195] STK-008: Anexemplary hiL2 mutein of Formula 1 is the human 112
mutein corprising the anmino acid substitutions L18R, Q22F and Q126H and
additionally comprising a deletion of Alal referred {0 herein ag des-Alal REH, REH
and STK-008. The amino acid sequence of STK-008 is provided below {(SEQ 1D
NGy

PTSSSTRKTOLOLEHLRIDLEMILNGINNYKNPELTRMLTFKFYMPRKATELKHE

QULEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETA

TIVEFLNRWITFCHSISTLT (SEQ 1D NOT)

[600196] STK-011: A second exemplary hiLZ mutein of Formoula 1 is the

human IL2 nutein comprising the amino acid substitutions L18R, Q22F and Q126K

- 70 -
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and additionally comprising a deletion of Alal referred to herein as des-Alal REK,

REK and STR-011. The amuno acid sequence of STK-011 is provided below (SEQ

D NO:8Y:
PTSSSTRKTOLOLEHLRLDLEMILNGINNYENPKLTRMLTFKFYMPKKATEL
KHLOCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEY
ADETATIVEFLNRWITFCESUSTLT (SEQ D NGO

[860197] Samples of the STK-011 and STK-008 polypeptides were recombinantly produced in
E. coli using convendional recombinani DNA technology and isolated tn substantially pure form by
conventional procedures including dialvsis, 1on exchange chromatography and size exclusion
chromatography. By deleting the alanine typically present at position 1 of the hiL2 molecule, the N-
termunal methiomine s more efficiently removed by the bacterial producer celf by virtue of a proline at
the position next to the N terminal methionine rather than an alanine and results in the expression and
recovery of a subsizntially more WL2 homogenous produoct which provides both ecoromic and
techmcal advantages such as wscreased process efficiency, lower cost, and simphified purification and
refolding to produce a substantially pure homogenous protein product which resalts in a more
consistent reagent when additional agents such as camrier or fargeting molecules are conjugated to the
N-termimus of the hIL2 polypeptide. As indicated in earlier reports and confirmed by the present
studies, elimination of the alanine at position | does not substantially modify the biclogical activity of
the resultant hiL2 polvpeptide.

[#00198] The ability of REH and REK to provide signaling via the TL2 receptor as evaluated by
phosphorvlation of STATS relative to wt hiL2 was evalnated in YT CD25 (CD25 positivey and YT
{CD25 negative) cells in substantial accordance with the previous study and as desenbed more fully in
Examples 1-7. Briefly, 2937 cells were transfected with 1L-2 mustein constructs and after 2-3 days,
supernatants containing the soluble hiL2 mutems were removed. The supernatants were added to YT
and YT CD25 cells fellowing a 20 minute stinwlation. YT cells are a NK Ivrophoma cell line,
which does not endogenously express detectable levels of CD25. [L-2 responses of ¥'T cells
and a derivative YT cell, exogencusly expressing CB2S (YT CD235) were compared. The
expression of the components of the TL-2 receptor on YT CD25 cells was verified by fluorescent flow
cytometry and the data presented in Figure 6 of the attached drawings, Panel A and B demonstrating
expression of CD25 GL2Rq, CD122 L2RE), and CDI32 (AL2RY) by YT cells and YT CD25 cells,
respectively. Filled histograms indicate stained cells and dashed histograms indicate unstained control
cells. Gates indicate the percent positive cells for cach stain. The pSTATS levels were measured by
flow cytometry. L-2 concentration in sapernatants measured by MSD assay. The mean fhuorescent

intensity data generated from this experiment 1s provided in Tables 6 and 7 below.
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Table 6. pSTATS MFLin teaied YT CD25+ Cellg

Supernatant | Uniransfected Empty wihil2 REH REK
Dilution
12 991 | 1058 | 1021 | 1015 | 21882 | 20337 { 22248 | 23922 { 21176 | 22404
i4 1094 | 1084 | 1180 | 1080 | 20568 | 22024 | 20858 | 22407 { 21235 | 21241
1:8 1069 § 1156 | 1019 | 1084 | 213583 | 21557 | 21464 | 21675 | 20648 | 21053
i:16 1133 1 1048 | 1158 | 1067 | 19846 | 22331 { 20627 | 20841 { 20951 | 20388
1:32 1175 1 1081 | 1122 | 1044 | 19023 | 20522 { 21164 | 21890 | 19189 | 19600
i.64 1065 | 1015 | 1087 | 1120 | 20967 | 20823 | 20631 | 21139 | 20930 | 19283
1:128 1068 | 109G | 1099 { 1044 | 18118 | 219271 { 23158 | 20999 | 18968 | 19482

Table 7. P-STATS MFE] intreated Y T (CD23 NEGATIVE) Cells

Supernatant | Untransfected Empty wthilL2 REH REK
Dilution
12 959 988 Q30 | 941 | 25483 | 26572 | 24955 | 26085 | 20485 | 20835
1.4 931 10§53 | 924 | 836 [ 23197 | 23079 | 21713 | 23060 | 12843 | 13798
1:8 868 G52 920 | 843 | 21160 | 22836 | 19475 | 18404 | 837 707
i16 961 926 832 | 1093 | 22670 | 21882 | 17282 | 15044 | 4363 | 4280
1:32 983 912 BEG | 917 | 21323 | 21734 | 12086 | 11940 | 2564 | 2467
i.64 964 834 Q20 | 925 | 19220 | 19045 | 7456 | 6895 | IR34 | 1379
1,128 976 999 SO2 1 982 17318 | 18179 | 4766 | 4711 | 1531 § 1386

As the foregoing data in Tables 6 and 7 demonstrates, REH and REK, provide selective activation of
CB2Z5 posttive T cells relative to CD25 negative T cells as demonsirated by enhanced (comparabie to
wit JL2) pSTATS production in & human wmmee cell expressing the high affimity trimenic
CD25/CHI122/CH 132 BILZ receptor (YT CD25 cells) relative to pSTATS in a hursan bomane cell
expressing the mtermediate affinity dimeric CDI122/CD132 hil2 receptor, YT cells

[800199] STK-010 and STK-012: To provide favorable pharmacokinetics in vivo (¢.g.

extended duration of action) the N-terminal prolines of the STK-008 and STK-01 1 muteins were
conjugated to a 40kd (20kD x 2arm) branched PEG moiety via a linker to provide compounds
referred to herein as STK-010 and STK-012, respectively. The branched 40kD PEG and linker
conjugated to the N-terminal profines of STK-008 and STK-011 {0 produce STK-010 and STK-

012 has the structure:

PEG(20kD) -CH, ‘n’
LY
_CH~CH,~0~C~NH~CH,;~CH,~CH,~NHE~

PEC(20kD) -CH,

[B00208]  In Viwo Charactierization of STK-012:- The biclogical activities of STK-012 were

assessed by a proliferation bioassay using NKL cells. NK1L is a natural killer cell line that expresses
the wildtype uman high affinity 1L-2 receptor (CD25/CD22/CD32) and is responsive (o human IL-

2. The expression of the component of the 1L~2 receptor was verified by fluorescent flow cyvtometry

~~l
[



WO 2021/146436 PCT/US2021/013456

(Figure 6). As indicated by the data presented, expression of the trimeric, high affinity 1L~2R renders
the WKL cells responsive to STK-012. The biclogical activity of both wild-type human [L-2 and
STK-012 was evaluated in a proliferaiion assay using the NKL cell line, a human
Ivmphoblastic NK cell line. Specificity of STK-012 for CD25 expressing cells was
established n a pSTATS activity assay 1o YT cells and YT CD25. As shown in the data
presented in Figure 7 of the attached drawings, human IL-2 and STK-~012 induced
proliferation of NKL cells in a similar dose range demonstrating that STK-012 retains the
ahility to induce pSTATS in a human 1ovmune cell comparable to wthil.2,

[800201] STK-014: Ap STEK-012 Muring Surrogate For Efficacy Studies in Mice: The imterface

between IL2 and its receptor components is slightly different between rodent (e.g mouse) 112 and
primate (¢.g., humany {L2 molecules. Conseguently, to demonsirate the activity of the haman 112
muteins v murine wodels, a representative human IL2 mutein of the present disclosure wags selecied
(STK-~012) and a murine [L.2 mutein surrogate (8TK-014) was developed for in vive studies in mice to
correlale activity between the rodent (mouse) and primate (human) environments. The amino acid

sequence of the murine IL2 (mIL2) polypeptide component of STK-014 is:

AP T 8 s s T 5 5 8 T A E A C Q QO O O H L OE O L R
M b L E 8 L, L 8 R M & N Y R N L ¥ L P R M L T F K
Y L. p K 2 A T E L XK D L © C L E D E L G P L R H
v L D T o s XK s F QO L E b A E N F I S N I R V T
v Vv ¥ L. X & 8 D N T F E C © P D D s A T Vv vV b F
L R R W I A F C H &5 T I 8 T & F ©Q

The foregoing IL.2 polvpeptide 13 N-terminally PEGylated with a PEG linker of the structure
as used n the preparation of STK-010 and STK~012 above to complete the STR-014
molecule.

[660262] To demonstrate that STK-014 represents is a valid surrogate for STK-012, a
study was conducied to evaluate target specificity on mouse and human cells. A study was
perforroed to evaluate the relative potencies of human wild type 1L-2 (hull-2) and STK-012
by comparing the EC5¢ of each molecule in inducing phospho-STATS {(pSTATS ) in primary
human CD8+ T cells, activated by anti~-CD3/anti-CD28 stimulation, and 1o primary huoman
NEK cells. Both cell types were isolated from fresh donor peripheral blood monocytic cells
(PBMs). As the 8TK-014 15 a murnne 1.2 mutein, 1t was tested on equivalent cell
populations freshly isolated from mouse spieen. The resulis of this study are provided in

Table 8 below:
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Table 8. Potency of Huroan and Murine 112 mutemns o pSTATS Assay

Test Condition hil.2 STK-012 STK-014

CD25+ CDE+/ NK selectivity (p-STATS) 5.6 > 107 > 100

D25+ D&+ / CD25- CD3 selectivity (p-STATS) {75 T ~ 106

The data provided in Table 8 demoustrates that STK-014 represents a valid surrogate for STK-012 for
use i f77 vive efficacy models as STR-014 possesses a similar target specificity on mouse cells as
STK-012 exhibits on human cells,

in vive Efficacy Studies with STK-814 In Mice

[600203]  Several in vive efficacy and i vive pharmacology studies were performed in
mice with STK-(14 which serves as a mouse surrogate for human STK-012. These studies
were performed to evaluate the ability of STK-014 {0 expand and activate antigen activaied T
cells in vive and to test anti-tumor efficacy and toxicity of STK-014 alone and in combination
with anti-PD-1 in mouse tumor models. Additionally, toxicity of the molecules administered
was evaluated in the amimal involved in the toxicology studies. The activity of STK-014 was
compared to pegylated wild-type mouse 1L-2 (oPEG-1L-2). STK-014 showed improved
anti-tumor activity and increased tumor infiltration by T cells compared to mPEG-IL-2 as
well as improved toxicity relative to mPEG-IL-2 meluding significantly reduced lethality
and reduced evidence of capillary leak syndrowme {CLS). STK-014 did not show lethahiy or
evidence of significant CLS.

{6006204] Establishine the Maximal Tolerated Dose of STK-014: In chinical oncology
practice [L~2 is dosed at or close o the maximally tolerated dose (MTD, 10 a 3x per day dose
schedule to maintain high serurg exposure to overcome the short half-hife of recombinant 1L~
2 {Atkins, et al. supra). In order to establish the maximum tolerated dose of PEGmILZ and/or
STK-014 for the in vive studies, the MTD for recombinant mil-2, a pegylated mouse wild
type [L-2 with a 40 kD PEG moiety covalently linked to the N-termimus (PEGmIL-2) and
STK-014 were established. C37BL/6 mice were dosed 3 time per day for five davs. WtiL-2
was dosed 3x/day. All other molecules were dosed every other day with wrong dosing on day
3, 50 dosing was day 0-2-3-5-7-Owith recombinant miL-2 and every other day with PEG-
L2 or STK-014 at the dosages provided in the legend of Figure 9 and Kaplan-Mezer
survival plot of the results of the study are presented in Figure 9 of the attached drawing. As

indicated by the data presented in Figure 9, lethality was observed both with miL-2 and with
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PEGmIL-2 {at doses of 5 pg g.0.d. and above) but not with STK-014. The foregoing data
demonstrates the hiL2 muteins of the present disclosure possess reduced toxicity relative (o
wt hil.2 and suggests a significant safety advantage relative to HID-hiL2

[860205) Evaluation of Capillary Leak in Response to PEGmIL-2 and STR-014;

Patients on HI-{L-2 have acute hypotension and CLS after recetving 3 or more days of
consecutive HD-IL-2 treatment, or a median of 8 doses given 8 hours apart. In the
aforementioned study to establish the MTD lungs were harvested at the end of the study or at
the time of premature termunation or death (in miL-2 ireated ammals). As a measure for CLS,
the water content of the tungs from mice treated with miL-2 or STK-014 was calculated as
the differences between the weight of the fresh lung minus the lung weight after desiccation.
The results of this study are presented in Figure 10 of the attached drawings. As the data
provided in Figure 10 ustrates, animals treated with HD-IL-2 or PEGmIL-2 but not mice
with STK-~014 had an increased wet lung weight, indicative of capillary leak.

[6080206]  To directly compare 8TK-014 to 1L-2 during the early onset of CLS, mice
were treated for 3 days with two doses of PEG-miL2 or 8TK-014 two days apart at the dose
levels indicated n the legend of figure 11, Additionally, wi miL.2 (oot PEGvlated) was
administered at a dose of 12.2 ug (HD-mouse 1L-2) 1o simulate the HD-hiL2 therapy. Wet
hung weights were determined in relation to the total starting bodyweight. The results of this
study are presented in Figure 11 of the atlached drawings. As the data provided in Figure 11
illustrates, animals treated with BD-1L-2, PEGmiL-2 but not nuce with STK-014 had an
mcraased wet lung weight to bodyweight ratio, indicative of capillary leak. The foregoing
data demonstrates the hIL2 muteins of the present disclosure possess reduced nisk of CLS
relative to wt hil.2 and suggests a significant safety advantage relative to HD-hIL2 1o the
treatment of human subjects.

Evaluation of STK-014 in a Svneeneic CT26 Colon Cancer Model:

[8662867]  The antitumor efficacy of STK-014 was tested in a murine CT-26 colon
carcinoma model in Balb/C nuce. The study design and treatment groups are summarized in

Table 9 below:

Table 9 Stndy Design Evaluating Anti-tumor Efficacy of STK 4114

{iroup Cells Treatment Bose and Dosing | Mace/eroup
i CT-26 (3x10° cells) PBRS god. g
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2 CT-26 3x1iY cells) mlIl-2 native 10 pg g.d. 9
CT-26 (3x10° cells) PEG-mIL-2 2ug qod 9
4 CT-26 (3x10° cells) STK-014 10 sg qod 9

Briefly, CT-26 colon carcinoma (3x10° cells) were subcutaneously injected. tumors were
allowed to grow to a tumor size of >100 mun’ and treatment started after 10 days following
numor cell implant. The mice were dosed in accordance with Table 9. Duning the freatment
phase, turor size was measured by caliper roeasurement two times per week, The results of
this U126 study are presented graphically in Figure 12 of the attached drawings. As shown in
Figure 12, only the STK-014 treatment group {Group 4) resulied in rejection of tamors in
mare than 50% of nuce in the CT-26 Colon carcinorna model. This data suggests that hiL2
nnteins of the present disclosure including PEGylated variants thereof possess improved
anti-tumor efficacy in human subjects relative to wi hiL2 therapy.

[006208]  Analysis of Tumor Infiltrating T Cells wn the CT-26 Tumor Model: The
organs harvested from the aniroals of the foregoing CT26 tumor model study were evaluatec
by immumohistochemistry.  Immunchistochemical analvsis of the tissues demonstrates that
the tumors of STK-014 treated muce showed robust expansion of intratunoral CD8+ T cells
as compared to PEG-mollL-2 (Figure 13 Panel A). An even greater expansion of itratumoral
CD25+ CD8+ T cells was observed in the tumor indicating the CD25 selectivity of STK-014
{(Figure 13 Panel B). CD25+ T cells, including Treg were also strongly expanded by STK-
014 treatment and to alesser degree by PEG-IL-2 in the spleen (Figure 14). The mfltration
of T cells n human turoors are prognostically associated with imoproved patient survival
independently of the tumor staging {Fridman, et al. 2012}, Simularly, response to imnmune
checkpoint blockade is correlated with a lugh infiliration of CD8+ T cells in the tumor
{Tumeh, et al. 2014). Conseguently, the increased miratumoral infiltration of CD8+ T
observad with STK-014, the murine surrogate of the hiL2 mutem of the Formula 1, suggests
that the hiL2 muteins of the present disclosure simularly exhibit such increases in mtratumor
T celis which are associated with improved clinical outcomes in human cancer patients.

MC3R svngenerc colon cancer model:

[663209]  In addition to the foregoing CT-26 colon carcinoma study, representative
composttions and methods of the present disclosure were evaluated in the MC-38 colon

cancer model. The study design and treatment groups for the MC38 studv are summarized n
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Table 10 below:
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Table 10 Study Desion Pyshuatine Anti-tumor Efficacy of MO-3% colon carcinoras
Group Cells Treatment Dose Mice/Group
1 MC-38 (1x190° celis) PBS g.d. 8
2 MC-38 (1x10° cells) PEG-miL-2 2 pggod 8
3 MC-38 (1x10° cells) STK-G14 33 ugqgod 3
4 MC-38 (1x10° cells) STK-{+14 16 pggod t

Briefly, MC-38 colon cancer cells (1x10° cells) were injected subcutansously into mice and allowed
o form local tumors for 18 days. Mice were left untreated or were from day 18 treated with STK-014.
STE-014 reatment continued throughout the observation period. The results of this study are
presented i Figure 15 of the atiached drawings. As tustrated, treatraent with STK-014 led o tumor
condrol and regressions, while PEG-mIL-2 monotherapy showed a reduced capability to control the
fumor.

[866218]  Increased Intratumoral CD&+ T cells: The organs harvested from the animals
of the foregoing MC38 tumor model study were evaluated by imnumobistochenustry.
Immunohistochemical analysis of the tissues demonstrates that the tumors of STK-014
treated mice showed robust expansion of intratumoral CD8+ T cells as compared PEG-miL-
2. Asshown i Figure 16A, treatment with PEG-miL-2 mcreased the numsber of intratumoral
CDE+ T cells in MC-3% tumors, but treatment with STK-014 further improved T cell
infiltration into M{C-38 tumors. Similarly, as shown in Figure 16B, STK-014 also increased
the mumber of CDE+ CD25+ T cells in MC-38 tumors.

[000211]  Vascular Leak Svndrome: As previously discussed, wt hiL2 {particularly HD-

hil.2) therapy results in significant toxicity, particularly arising from vascular leak syndrome
(“VLS). Exemplary hIL2 muteins of the present disclosure were evaluated in vivo in mouse
and non-human primates as discussed o roore detail below. o mouse toxiciy models STK-
014 showed reduced toxicity, without induction of vascular leak syndrome. In efficacy
studies with STK-014 in syngeneic mouse tumor models, the hiL2 muteins of the present
disclosure provide favorable toxicity relative to wi hiL2

[000212]  Assessment of VLS In Mice: As VLS 15 associated with weight gain and wet

organ weight increase, but overall weight loss due to letargy. Briefly, an experiment was
conducted where mice were dosed daily with a STK-014 at dosages of 1.25, 2.5 S and 10

micrograms with a phosphate buffered saline as a control. The results of thus experiroent as
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shown in Figure 18 did not evidence significant weight loss {less than 8% in the test animals
indicating the absence of VLS in muce in response to treatmoent with the compositions of the
present disclosure. In addition to weight gain associated with VLS, substantial loss in
bodvweight is indicative of sysiemic toxicity in mice. An gxperiment was conducted to
evahuate the effect of wild type murine TL2 at a dose of 12.2 micrograms given three fimes
dailv as well as 40kD N-terounally PEGylated wt miL2 molecule at dosages of 2.5, 5 and 10
micrograms. The results of the experiments are provided in graphical format in Figure 19 of
the attached drawings. As shown in Figure 19, wt miL2 results in significant weight loss in
the mice which 1s exacerbated by the extended duration PEGvlated wt miL2 molecudes. In
contrast, the data in Figure 19 demonstrates that the similarly PEGylated miL2 REH variant
did not induce significant weight loss. Collectively, these data that the molecules of the
present disclosure possess reduced toxicity relative to wild-type IL2 in both native and long-
acting forros.

[660213]  Summary of in vive Pharmacology Data in Mice: The benefit of immune

therapy is often correlated with the relative increase of effector T cells vs. regulatory T cells.
STR-014 roost significantly mncreased the CD8/Treg ratio in the turnor (Figure 17). To
efficacy studies with STK-014 in syngenetc mice, STK-014 induces significantly stronger
activation and expansion of mtratumoral T celis compared to wi-miL-2. Analvsis of T ceils
in the tumors of treated muce showed robust expansions of intratumoral CDE+ T cells in
response 1o STK-014, compared to PEG-IL-2. An even greater increase was observed with
CD25+ CD&+ T cells, indicating the CD25 selectivity of STK-014. CD25+ T cells, including
Treg were also strongly expanded by STK-014 {reatment and 1o a lesser degree by PEG-1L-2
in the spleen. Additionally STK-014 treatment did not induce HD-IL-2 associated lethality
and capiliary leak syndrome in mice. STK-014 induced tumor control / complete responses
in syngeneic fumor models. STK-014 dosing increases the number of tumor mfiltrating
CD&+ T cells, CD2S+CD&+ T celis and Granzyme {(data not shown ) expressing cells.

[880214]  Combination Efficacy of STK-014 with anti-PD-1. Anti-PD-1 inunune

checkpoint blockade is a hallmark of imomune therapy of human tumors. STK-014
combination treatment with anti-FD-1 was evaluated in M{C-38 tumors, which are partially
responsive (o anti-PD-~1 therapy. MC-38 tumors were well established prior to the start of the
treatroent to allow for an iromune roodulating turmor microenvironment to develop. Mice

were treated with anti-PD-1, PEG-mIL-2 or STK-014 alone or in combination (Table 11).
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Table 11, Study Design for Combination Treatment with

STK-014 and PD1 inhubitor in MC38 Tumor Model

Group Cells Treatment Dose Miee

1 MC-38 (1x10° cells) PBS qd. 10

2 MC-38 (1x10° cells) Anti-PD-1 10 mg/kg qdd 10

3 MC-38 (1x10° cells) PEG-miL-2 0.125 mg'kg god 10

4 MC-38 (1x10° cells) STK-014 0.5 ma/ke qod 8

s MC-38 (1x10¢cells) | Anti-PD-1/ PEG-miL-2 | 0 &k add/0.123 10
myg/kg god

_ sf 3

6 MC-38 (1x10°cells) | Anti-PD-1/STR-014 | [0 mkeqdd/03 %

mg/ky god

The results of the foregoing study are provided in Figure 20 of the attached drawings. Both,
PEG-IL-2 and STK-014 had single agent efficacy inducing partial response in this tumor
model. Combination of etther agent with anti-PD~1 mcereased the anti-tumor efficacy with
100% complete responses in STK-014 + anti-PI3-1 combination (Figure 20}, Additionally the
presence of intratumor T cells was evaluated as above and the results provided in Figure 21
of'the attached drawings. As shown, the combination of STR-014 and anti-PD-1 results in
fumor eradication in mouse model and is associated with the increased number of
intratumoral CB3+ T cells.

Non-Human Primate Studies:

[B00215] In addion to the foregomg toxicity stodies in mice, the STK-012 wag evaluated in a
non-human primate {NHP) toxicology study. STR-012 was tolerated in a 2-week pharmacokinetic
(PK) and iolerability study at supra-cfficacious doses and exposuares, In summary, STK-012 and itg
murine surrogate STK-014 did not show foxicities associated with pegyiated murine IL-2 despiie
significantly higher exposures.

[600216] Non-GLP Tolevability and Toxicology Study of STK-012 in Non-Human
Primates A non-GLP tolerahility and foxicokinetic nmultiple ascending dose (MAD) study for
STK-012 in cynomolgus monkeys has been performed by Sponsor. Nonhuman primates

(NHP} were dosed for up to two weeks and up to two doses with STK-012 (Table 12) below:

Table 12 Dose Freguengy and Dose Level for non~-GLP Tolerability and Toxicology Study in
Non-Human Primates
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Daose Level (mp/kg)
Group Test Material Dase Frequency Day 1 Day8
i Proleukin {control) single dose 0.037 -
2 STR-012 g7d 0.01 0.05
3 STK-012 q7d 0.1 0.36

Serum PR, cytokine analvsis, cell flow cytometry, clinical chemistry and hematology
analysis was performed throughout the study. Macroscopic and microscopic analysis of
organs was performed at the terroinal takedown. Recombinant human 1L-2 (Proleukin} was

used as a positive control.

{600217] Toxicokinetic Analysis of STK-012Z: Serum concentration of STK-012
increased rapidly afier STK-012 SC injection, reaching Cuax at 24h post injection {P1). The
STK-012 exposure was stable with a slow clearance between doses {7 days) (Figure 22),
compared to simtlar sized PEG-IL-2 muteins binding the intermediate 1L-2 receptor which
had a Tipof 11h (Milla, et al. 2018} The Tipof STK-(12 was 23-27 hours after the first
dose (Table 13}

Table 13, Pharmacokinetic Bata of STK-012 in Cynomolgus Monkeys

Dose (mmg/kg)
STK-012/ Dase Dose Conax Tin AUC

Group Day Frequeney {mg/kg) {ng/ml) {h) {I*ng/mL)
1 Proleukin single dose 0.037 7.66 n.d, n.d.

2 STK-012 Dayl q7d 0.01 154 27.53 13,800

2 STK-012 Day 8 g7d 0.5 970 19.18 60,400

3 STK-(H2 Dayl gq7d 6.1 1370 23.43 155,000
3 STK-012 DayR q7d 0.36 2920 13.78 210,000

[800218] Pharmacodvnamic Assessment of STK-012: STK-(12 showed biclogical
activity, including STATS phosphoryiation restricted (o a CD25+ CD122+ subset of T cells
{Figure 24) in the NHP study. STK-012 doses at or above .05 mg/kg induced
phosphorviated STATS (P-STATS) in a subset of CD25+CD4+ T cells in the blood. STK-
sensitive population throughout the dose interval (Figure 23). STK-012 aims to {arget
specifically T cells which had a recent TCR mediated upregulation of CD25 and CD122.

Dependent on the concentration, 8TK-012 mduced STATS phosphorylation specifically in
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cells expressing high levels of CD2S and CD122 on the surface (Figure 24} STK-012
specifically binds and activates CD25+ T cells in vitro and in cynomolgus monkeys (Figure
243 In support of STK-012 specificity, CD25+ CD8+ T cells proliferated {detected by KlI-
67+) earlier and to a higher percentage in response to STK-012 than CD2S- CD&+ T cells
(Figure 25). The prohiferation of CD25- CD8+ T cells is delayed in respect to STK-012
dosing and proliferation of CDD25+ CDE+ T cells and may be the consequence of will.-2
secretion by CD25+ T cells. D28+ CDO5+ CD8+ central memory T cells (Tom) represent
an antigen experienced T cell population. In melanoma patients, treatment with anti-PD-1
antibodies induces the proliferation and expansion of CD28+ Tom, correlating with humor
response {Huang, et al. 2017). STK-012 treatment induced the expansion of CD28+ CD95+
CD&+ T cells in the blood of NHP (Figure 26}

[806219¢]  Summary of Chinical Observations in Nonghinical Studies: Admuinistration of
STK-012 at 0.36 rog/kg on Day 8 was associated with behavioral changes i chinical
observations including hunched posture, lethargy, swolien eyelids, flaky skins, soft and hiqud
feces. Hunched posture was noted in the male on Days 9, 12, 14 and 15 and in the female on
Days 14 and 13, The roale anirmal was also noted with lethargy on Days 9 and 12, decreased
activity on Day 12, bilaterally swollen evelids on Day 15, flaky skins on the left hindlimb on
Davs 9 and 12, soft feces on Davs 11 to 13 and liquid feces on Days 9 and 10. No test
article-related clinical observations were noted in animals af the other STK-012 dose levels.
The highest not-severely toxic dose (HNSTD) in thas study s therefore 100 pg/kg.

[600228)  Summary Pathology Assessment Test article-related microscopic findings
were noted in the liver, kidnevs, and spleen in animals dosed with 8TK-012: minimal to
moderate perivascular mixed imflammatory cell mfiltration in the hiver (STK-012, 8.01/0.05
and 0.1/0.36 mg/kg); nunumal increased cellulaniy of mononuclear cells 1n the spleen red
pulp (8TK-012, 0.1/0.36 mg/kg): nmild mononuclear cell infiliration of the cortex in the
kidneys (STK-012, $.01/0.08 and 0.1/0.36 mg/kg}. The affecied area imncluded mainly
pertvascular area including both portal and central veins, but no apparent degeneration or
necrosis of the hepatocytes were seen. Serum transaminases were un-remarkable.

[60062231] STK-012 1s a structurally modified 1L-2, which binds and activates only a high
affinity human IL-2R {(CD23, CD122 and CD132). This target cell selectivity may reduce
target roediated clearance. STK-012 showed reduced clearance and had high exposures when

compared to Proleukin (this study) or to other similarly pegylated 1125, described in the
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literature {Milla, Ptacin et al. 2018}, Despite high serum exposure STK-012 is tolerated at
doses up to 100 ug/kg with sustained high serum concentration. STR-012 showed strong and
sustained biological activily, indicated by P-STATS in C25+ T cells.

hil 2 Muteins Having Modified Pharmacokinetics:

[8606222] The present disclosure fimther provides modified hilL.2 muteins having
modified pharmacokinetic (PK) properties. In sorne embodiments, the hiL2 muteins of the
present disclosure having modified PX properties are modified to increase thetr duration of
action in a mammalian subject. Examples of such PK modifications include but are not
limited to conjugation to one or more carrier proteins, PEGylation, acylation, or amino acid
sequence modifications, substitutions or deletions of the hiL2 muten.

[660223]  In some embodiments, modified hil.2 muteins having modified
pharmacckinetic {PK) properties comprises a plasma half-life in a human subject of greater
than 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 12 hours, 18 hours, 24
hours, 2 days, 3 days, 4 days, S days, 6 days, 7 days, 10 days, 14 days, or 30 days.

6602241 Anino Acid Modifications: In some embodiments, the hil.2 mutein may

comprise certain amino acid substitutions that modify the PK of the hIL2 mutein 30 as to
result 1o prolonged in vivo lifetime.  For example, Dakshunanurthy, ef of. (International
Journal of Bioinformatics Research (2009} 1(2y:4-13) state that one or more of the
substitutions in the hiL2 polypeptide VIR, K97E and T113N provides an hiL2 variant
possessing enhanced stability and activity. In some embodiments, the hIL2 musteins of the
present disclosure comprise one, two or all three of the VOIR, KOTE and/or T1I3N
modifications.

[8606225]  Conjugation to Carrier Molecules: In some embodiments, the hiL2 murfeins of

the present disclosure having modified PK properties are conjugated 1o one more carrier
molecules. In soroe embodiments, the 1L2 muten can be covalently hinked to the Fe domain
of 1gG, albumin, or other molecules to extend its half-life, e g. by PEGylation, glvcosylation,
fatty acid acvlation, and the hike as known in the art.

[600226]  In soroe embodiments, the hIL2 mutein of the present disclosure having
modified PK properties is expressed as a fusion protein with an albuouin molecule (2. g.
human serum albunun} which is known in the art to facilitate extended exposure in vive. In
one embodiment of the invention, the hIL2 mutein 1s conjugated to albumin referred {o herein

as an “hiL2 mutein albunun fusion.” The term “albunun™ as used iu the context hiL2 analog

- B -
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albumin fusions include albumins such as human serum albumin {(HSA}, cyno serum
albumin, and bovine serum altbumin (BSA). In some embodiments, the HSA compnises a
C348 or K573P amino acid substitution relative to the wild type HS A sequence. According o
the present disclosure, albumin can be conjugated to a hiL2 mutein at the carboxyl terminus,
the amuino terminus, both the carboxyl and amine termini, and internally (see, e.g, USP
5,876,969 and USP 7,056,701). To the HS A~hILZ nutern polypeptide corgugate
contemplated by the present disclosure, various forms of albumin 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 albuman activities. In
additional embodiments, the present disclosure mnvolves fusion proteins comprising a hiL2
analog polvpeptide fused directly or indirectly io albumin, an albumin fragment, and albumin
variant, efc., wherein the fusion protemn has a higher plasma stability than the unfused drug
molecule and/or the fusion protein retains the therapeutic activity of the unfused drug
molacule. In some embodiments, the indirect fusion is effected by a linker such as a peptide
linker or modified version thereof as more Nully discussed below.

[866227]  Alernatively, the hIL2 mudein albumin fusion comprises IL.2 muteins that are
fusion proteins which coroprise an albumin binding domain (ABD) polypeptide sequence and
an IL2 mutein polvpeptide. As alluded to above, fusion proteins which comprise an albumin
binding domain {ABD) polvpeptide sequence and an hIL2 analog polyvpeptide can, for
example, be achieved by genetic manipulation, such that the nucleic acid coding for HSA, or
a fragment thereof, 15 joined to the nucleic acid coding for the one or more IL2 mutemn
sequences. In some embodiments, the albumin-binding peptide comprises the amino acid
sequence ICLPRWGCLW (SEQ TD N(O:6).

[000228] In some embodiments, the hiIL2 mutein of the present disclosure having
modified PK properties is achieved by conjugation to large, slowly metabolized
macromolecules such as proteins; polysaccharides, such as sepharose, agarose, cellulose, or
celludose beads, polymeric amino acids such as polyglutamic 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 toxoeid, Diphthena toxoid; polyamine acids such as polv(B-lysine -
glutanuc acid); VPO polvpeptides of rotaviruses; influenza virus hemaglutinin, influenza

virus nucleoprotetry; Kevhole Lirpet Hemocyanin {KLH}, and hepatitis B virus core protein
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and surface antigen Such conjugated forms, if desired, can be used to produce antibodies
agamnst a polypeptide of the present disclosure,

[660229]  In some embodiments, the hiL2 mutein of the present disclosure having
modified PK properties is achieved by conjugation to XTEN which provides extended
duration of akin to PEGylation and may be produced as a recombinant fusion protein in £,
coli. XTEN polymers suttable for use in conjunciion with the IL2 muteins of the present
disclosure are provided 1n Podust, ef o/, (2016) “Extension of in vive half-life of biologically
active molecules by XTEN protein polymers ™, J Controlled Release 24(:52-66 and Haeckel et
al. (20163 “XTEN as Biological Alternative to PEGylation Allows Complete Expression of o
Protease- Activatable Killin-Based Cytostatic” PLOS ONE |
DOL1G.137Vjoumal pone 0157193 June 13, 2016, The XTEN polymer fusion protein may
meorporate a protease sensitive cleavage site between the X'TEN polypeptide and the IL2
mutein such as an MMP-2 cleavage sile.

[660238  The 1L.2 muteins of the present disclosure may be chemically conjugated 1o
such carrier molecules using well known chemical conjugation methods. Bi-functional cross-
timking reagents such as homotunctional and heterofunctional cross-linking reagents well
known 1 the art can be used {or this purpose. The type of cross-hinking reagent to use
depends on the nature of the molecule to be coupled to IL2 muein and can readily be
identified by those skilled in the art. Altematively, or in addition, the IL2 mutein and/or the
molecule to which it 1s intended to be conjugated may be chemically denivatized such that the
two can be conjugated in a separate reaction as 1s also well known in the art.

[390231] PHEGylation: In some embodiments, the 112 mutein is conjugated to one or
more waler-soluble polvmers. Examples of water sohuble polvmers useful in the practice of
the present invention include polyethviene glycol (PEG), poly-propyiene glveol (PPG),
polysaccharides (polyvinyipyrrolidone, copolvmers of ethviene glycol and propylene glveol,
poly{oxvethylated polyol}, polyolefinic alcohol, polysaccharides, poly-aipha-hydroxy acid,
polyvinyl alcohol {PV A}, polyphosphazene, polyoxazolines (POZ), poly(N-
acrylovimorpholine), or a cornbination thereof. In some embodiments the IL2 muten is
conjugated to one or more polvethviene glvcol molecules or “PEGylated ” Although the
method or site of PEG attachment to IL2 muitein may vary, in certain embodimenis the

PEGylation does not alter, ot ondy roirumally alters, the activity of the H.2 routemn. o some
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embodiments, a cyvsieine may be substituted for the threonine at position 3 (3T} to facilitate
N-termunal PEGviation using particular chemstries.

[000232]  In some embodiments, selective PEGvlation of the IL2 mutein (for example
by the incorporation of non-natural amino acids having side chains to facilitate selective PEG
conjugation chemisiries as descnbed Ptacin, ef af, (PCT International Application No.
PCT/US2018/045257 filed August 3, 2018 and published February 7, 2019 as International
Publication Number WO 2019/028419A1 may be employed to generate an L2 mutein with
having reduced affinity for one or more subunits (e.g. CD25, CD132) of an L2 receptor
complex. For example, an hiL2 mutein incorporating non-natural amino acids having a
PEGylatable specific motety at those sequences or residues of 1.2 identified as interacting
with D25 inchading amino acids 34-45, 61-72 and 105-109 typically provides an [L2 mutein
having dimumished binding to CD25. Similarly, an hIL2 mutein incorporating non-natural
anuno acids having a PEGylatable specific moiety at those sequences or residues of L2
wlentified as mteracting with hCD132 including amino acids 18, 22, 109, 126, or from 119-
133 provides an IL2 mutein having dinunished binding to hCD132.

[000233]  In certain embodiments, the increase in half-life is greater than any decrease in
biological activity. PEGs suttable for conjugation to a polypeptide sequence are generally
soluble 1n water at room temperature, and have the general formula R(O-CH2-CH21O-R,
where R 15 hvdrogen or a protective group such as an alkvi or an alkanol group, and where n
is an integer from 1 to 1000, When R 1s a protective group, il generally has from 1 10 §
carbons. The PEG conjugated to the polvpeptide sequence can be hinear or branched.
Branched PEG derivatives, “star-PEGs” and multi-armed PEGs are contemplated by the
present disclosure.

[000234] A moolecular weight of the PEG used in the present disclosure 1s not restrictec
1o any particuiar range. The PEG component of the PEG-1L2 muiein can have a molecular
mass greater than about SkDa, greater than about 10kDa, greater than abowt 15kDa, greater
than about 20k D, greater than about 30kDa, greater than about 40kDa, or greater than about
50kDa. In some embodiments, the molecular mass 1s from about 5ki3a to about 10kDa, from
about 5kDa to about 15kDa. from about 3kDa to about 20kDa, from about 10kDa to about
15kDa, from about 10kDa to about 20k, from about 10kDa to about 255Da or from aboud
10kya to about 30kDa. Linear or branched PEG moelecules having molecular weights from

about 2,000 to about 80,000 daltons, alternatively about 2,000 to about 70,000 dalions,



WO 2021/146436 PCT/US2021/013456

alternatively about 5,000 to about 50,000 daltons, altematively about 10,000 to about 50,0600
daltons, alternatively about 20,000 to about 56,000 dalions, alieratively about 30,000 to
about 50,000 daltons, alternatively about 20,000 to about 40,000 daltons, alternatively about
30,000 to about 40,000 daltons.  In one embodiment of the invention, the PEG 15 2 40kD
branched PEG comprising two 20 kD arms.

[000235]  The present disclosure also conternplates composttions 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 mixture of conjugates where n=1, 2, 3
and 4. In some compositions, the percentage of conjugates where n=1 is 18-25%, the
percentage of comgugates where n=2 15 50-66%, the percentage of conjugates where =3 s
12-16%, and the percentage of conjugates where n=4 s up to $%. Such compositions can be
produced by reaction conditions and purification methods known in the art. Chromatography
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
snmodified protein sequences and from conjugates having other numbers of PEGs attached.

[000236]  PEGs suitable for conpugation to a polvpeptide sequence are generally solable
in waler at room temperature, and have the general formula R{G-CHz-CH23:0-R, where R 13
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 15 a protective group, it generally has from 1 to 8 carbons.

19602371 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 15:100-1 14} and benzotrniazole 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 istidine and tyrosine reswdues. Use of a PEG-
aldehvde hinker targets a single site on the N-terminus of a polypeptide through reductive
amination.

[660238] Pegviation most frequently occurs at the a-amino group at the N-terminus of
the polypeptide, the epsilon amino group on the side chain of lysine residues, and the
imidazole group on the side chain of histidine residues. Since most recombinant polypeptides
possess a single alpha and a nurober of epsdon aroino and tmdazole groups, nurnerous
positional 1somers can be generated depending on the linker chemistry. General pegvlation

strategies known in the art can be applied herein.
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[660239] The PEG can be bound to an L2 mutein of the present disclosure via a
termunal reactive group (a “spacer™} which mediates a bond between the free amino or
carboxyl groups of one or more of the polvpeptide sequences and polvethviene glycol. The
PEG having the spacer which can be bound to the free amino group includes N-
hydroxysuccimviimide polyethyvlene glyeol, which can be prepared by activating succinic acid
ester of polvethylene glyveol with N-hydrosysuccinviimde,

{00248 In some embodiments, the PEGylation of IL2 muteins is facilitated by the
incorporation of non-natural amino acids bearing unigque side chaing to faciiitate site specific
PEGylation. The incorporation of non-natural amino acids into polypeptides to provide
functional moieties to achieve sue specific pegylation of such polvpeptides is known 1n the
art. Seee.g Ptacin, et al, (PCT International Application No. PCT/US2018/045257 filed
August 3, 2018 and published February 7, 2019 as International Publication Number WO
2019/028419A1 In one erobodirnent, the L2 muteins of the present invention incorporate a
non-natural amino acid at position D109 of the IL2 mutein. In one embodiment of the
invention the IL2 mutein is 3 PEGvlated at position 109 of the IL2 mutein to a PEG molecule
having a molecular weight of about 20kD, alternatively about 30kD, alternatively about
40k D.

[#90241] 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 embodiments PEGs useful i the practice of the present
invention inciude a 10kDa linear PEG-aldehyde (e g., Sunbright® ME-100AL, NOF America
{Corporation, One North Broadway, White Plains, NY 10601 USA), 10kDa linear PEG-NHS
ester {e.g., Sunbright® ME-100CS, Sunbright® ME-100AS, Sunbright® ME-100GS,
Sunbright® ME-100HS, NOF), a 20kDa linear PEG-aldehyde (e.g. Sunbright® ME-Z00AL,
NOF, a 20kDa linear PEG- NHS ester {e.g, Sunbright® ME-200CS, Sunbright® ME-200AS,
Sunbright® ME-200GS, Sunbright® ME-200HS, NOF), a 20kDa 2-arm branched PEG-
aldehvde the 20 kDA PEG-aldehyde comprising two 10D A linear PEG molecules {e.g..
Sunbright® GL2-200AL3, NOF), a 20kDa 2-arm branched PEG-NHS ester the 20 kDA
PEG-NHS ester comprising two 10kDA linear PEG molecules {e.g., Sunbright® GL2-200T8,
Sunbright® GL200GS2, NOF), a 40kDa 2-arm branched PEG-aldehyde the 40 kDA PEG-
aldehvde comprising two 20kDA hnear PEG molecules {e. g, Sunbright® GL2-400AL3), a

40kDa 2-arm branched PEG-NHS ester the 40 kDA PEG-NHS ester comprising two 20kDA
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linear PEG molecules {e. g, Sunbright® GL2-400AL3, Sunbright® GL2-400G82, NOF), a
linear 30kDa PEG-aldehvde {e. g, Sunbrnght® ME-300AL) and a linear 30kDa PEG-NHS
ester.

[660242]  As previously noted, the PEG may be atiached directly to the IL2 muitein or
via a hinker molecule. Swntable linkers include “flexible linkers™ which are generally of
sufficient length o permit some movement between the modified polypeptide sequences and
the linked componenis and molecules. The linker molecules are generally about 6-50 atoms
fong. The linker moleculas can also be, for example, arvl acetylene, ethylene glycol
oligomers containing 2~-10 monomer units, diamanes, diacids, amino acids, or corabinations
thereof Suptable linkers can be readily selected and can be of any suitable length, such as 1
amino acid (e.g, Gly), 2.3, 4,5, 6,7, &, 9, 10, 10-20, 20-30, 30-50 or more than 50 amino
acids. Examples of flexible hinkers include glycine polymers (G, glycine-serine polymers,
glycne-alanine polviers, alanine-senne polymers, and other flesible hinkers. Glyeine and
glveine-serine polyvmers are relatively unstructured, and therefore can serve as a neutral tether
between components. Further examples of {lexible linkers include glycine polymers (G,
alveine~-alanine polymers, alanine-serine polymers, glvcine-serine polymers. Glycine and
glvcine~-serine polymers are relatively unstructured, and therefore may serve as a neutral
tether between components. A mmdtimer{eg, 1,2, 3. 4,5, 6,7, 8,9, 10, 10-20, 20-30, or 30-
583 of these finker sequences may be Hinked together to provide flexible linkers that mav be
used to conjugate a heterologous amino acid sequence 1o the polypeptides disclosed herain,

[600243]  Further, such hinkers may be used to link the 1L2 mutein to additional
heterologous polypeptide components as described herein, the heterologous aming acid
sequence may be a signal sequence and/or a fusion partner, such as, albumin, Fe sequence,
and the hike

[6030244]  Acvlation: In some embodiments, the L2 murtein of the present disclosure

may be acylated by conjugation to a fatty acid molecude as described in Resh (2016) Progress
in Liptd Research 63 120-131. Examples of fatty acids that may be conjugated include
myristate, palmitate and palroitoleic acid. Myristoviate is tvpically hinked to an N-ternunal
glyeine but Ivsines may also be myristoyliated. Palmitoylation is typically achieved by

enzy matic modification of free cysteime -SH groups such as BHHC proteins catalyze S-
palmatoviation. Palmutoleylation of serine and threorune residues 1s typically achueved

enzymatically using PORCN enzymes.
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[00245] Acetylation: In some embodiments, the IL2 mutein is acetylaied at the
N-terminus by enzymatic reaction with N-lerminal acetvliransferase and, for example, acetyl
CoA. Alernatively, or in addition to N-terminal acetylation, the 1L.2 mutein is acetyiated at
one or more lysine residues, e.g. by enzymatic reaction with a lysine acetyliransferase. See,
for example Choudhary et al. {2009} Science 325 (5942} 8341.2 orthoB40.

(000246} Fe Fusions: To some embodiments, the 1L2 fusion protein may
meorporate an Fo region derived from the 1gG subclass of antibodies that facks the IgG heavy
chain varable region. The "Fc region” can be a natwrally occurring or svnthetic poiypeptide
that 1s homologous to the {gG C-terminal domain produced by digestion of TgG with papain.
{gG Fe has a molecular weight of approxaimately 56 kDa. The mutant IL2 polypeptides can
include the entire Fc region, or a smaller portion that retains the alulity to extend the
circulating hatf-life of a chimeric polypeptide of which it 13 a part. In addition, fuli-length or
fragroented Fe regions can be varianis of the wild type molecule. That s, they can contain
nwitations that may or may not affect the fimction of the polypeptides; as described further
below, native activity is not necessary or desired in all cases. In certain embodiments, the 112
mutein fusion protein {e.g., an TL.2 partial agonist or antagonist as described herein) includes
an fgGl, 1gG2, 1eG3, or [gG4 Fe region. Exemplary Fe regions can include a mutation that
inhibits complement fixation and Fc receptor binding, or it may be lytic, i.e., able {0 bind
complement or to lyse cells via another mechanism such as antibody-dependent complement
lysis (ADCC).

(436247} In some embodiments, the 1L2 muiein compriseas a functional domain
of an Fe-fusion chimeric polyvpeptide molecule. Fc fusion conjugates have been shown to
increase the systemic half-life of biopharmaceuticals, and thus the biopharmaceutical product
can require less frequent adnunistration. Fc binds to the neonatal Fe receptor (FeRn) o
endothelial celis that line the blood vessels, and, upon binding, the Fc fusion molecule s
protected from degradation and re-released into the circudation, keeping the molecule in
circulation tonger. This Fe binding is believed to be the mechanism by which endogenous
g retains its long plasma half-life. More recent Fe-fusion technology links a single copy of
a biopharmaceutical o the Fe region of an antibody to optinize the pharmacokinetic and
pharmacodynamic properties of the biopharmaceutical as compared {o traditional Fe-fusion
corjugates. The "Fc region” useful in the preparation of Fe fusions can be a naturally

occurring or synthetic polypeptide that is homologous to an IgG C-terminal domain produced
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by digestion of IgG with papain. Ig( Fc has a molecular weight of approximately 50 kDa.
The IL2 muteins may provide the entive Fc region, or a smaller portion that retains the ability
to extend the circulating hali- 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 type molecule. In a typical
presentation, each monomer of the dimeric Fo carmes a heterologous polypeptide, the
heterologous polypeptides being the same or different.

[06G248] In some embodiments, when the IL2 mutein 1s to be administered in
the format of an Fc fusion, particularly in those situations when the polypeptide chains
conjugated to each subunit of the Fe dimer are different, the Fe fusion may be engineered to
possess a “knob~into-hole modification.” The knob-into-hole modification 1s more fully
described in Ridgway, et al. (1996) Protein Engineering %(7):617-621 and United States
Patent No. 5,731,168, issued March 24, 1998, The knob-into-hole modification refers to a
madification at the interface between two immunoglobulin heavy chains in the CH3 domain,
wherein: 1} in a CH3 domain of a first heavy chain, an amino acid residue 1s replaced with an
amino acid residue having a larger side chain (& g. tyrosine or tryptophan} creating a
projection {rom the surface (“kuob”) and 11} in the CH3 domain of a second heavy chain, an
amino acid residue 1s replaced with an anuno acid residue having a smaller side chain (e g
alanine or threonine)}, thereby generating a cavity (“hole™} within at interface in the second
{H3 domain within which the protruding side chain of the first CH3 domain {(“knob™) is
received by the cavity m the second CH3 domain. In one embodiment, the “knob-into-hole
modification” comprises the anuno acid substitution T366W and optionally the amino acid
substitution 5354C in one of the antibody heavy chains, and the amino acid substitutions
T3668, L368A, Y407V and optionally Y349C in the other one of the antibody heavy chams.
Furthermore, the Fc domains ray be modified by the introduction of cvsteine residues at
positions 8354 and Y349 which results m a stabilizing disulfide bridge between the two
antibody heavy chains in the Fe region {Carter, et al. (2001} Tmmunol Methods 248, 7-15).
The knob-into-hole format 1s used to facilitate the expression of a first polvpeptide {(e.g. an
IL2 mutein) on a first Fo monomer with a “knob”™ modification and a second polvpeptide on
the second Fc monomer possessing 8 “hole” modification to facilitate the expression of
heterodimeric polypeptide conjugates.

[0060249] The Fe region can be "lvtic” or "non-lvtic,” but is typically non-lvtic. A

non-fytic Fo region typically lacks a high affinity Fe receptor binding site and a Clg binding

- 890 -
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stte. The high affinity Fc receptor binding site of murine IgG Fe includes the Leu residue at
posttion 235 of IgG Fe. Thus, the Fe receptor binding site can be inhibited by mudating or
deleting Leu 235 For example, substitution of Glu for Leu 235 inhibits the ability of the Fe
region to bind the high affinity Fc receptor. The murine Cly binding site can be fimctionally
destroved by mutating or deleting the Glu 318, Lys 320, and Lys 322 residues of IgGG. For
example, substitution of Ala residues for Glu 318, Lys 320, and Lys 322 renders IgGl Fe
unable to direct antibody-dependent complement lysis. In contrast, a lvtic IgG Fecregion has a
high affinity Fe receptor binding site and a Clq binding site. The high affinity Fe receptor
binding site includes the Leu residue at position 233 of Ig(G Fe, and the Clg binding site
includes the Glu 318, Lys 320, and Lys 322 residues of fgG 1. Lytic 1gG Fe has wild type
residues or conservative amino acid substitutions at these sites. Lytic Ig(G Fe can target celis
for antibody dependent celiudar cytoloxicity or complement direcied cyvtolysis (CDC)
Approprate mutations for human IgG are also known (see, e.g., Mormson et ¢/, The
Inmunologist 2:119-124, 1994; and Brekke er o/, The Immunclogist 2 125, 1994),

[066256) In certain embodiments, the amino- or carboxyl- terminus of an L2
mutein of the present disclosure can be fused with an immuonoglobulin Fe region (e.g., human
Fey to form a fusion comyugate {or fusion molecule). Fe fusion conjugates have been shown
to increase the systemic half-life of biopharmaceuticals, and thus the biopharmaceutical
product can require fess frequent administration. F¢ binds 1o the neonatal Fo receptor {FeRnj
n endothelial cells that bine the blood vessels, and, upon binding, the Fe fusion molecule 15
protected from degradation and re-released into the circulation, keeping the molecule in
circulation fonger. This Fc binding is believed o be the mechanism by which endogenous
I2G retains its tong plasma half-hife. More recent Fe-fusion technology links a single copy of
a hiopharmaceutical o the Fe¢ region of an antibody to optinuze the pharmacokinetic and
pharmacodynamic properties of the biopharmaceutical as compared to fraditional Fe-fusion
conjugates.

006251} In some embodiments, the Fo domain monomer comprises at feast one
mutation relative to a wild-type human IgG1, 1gG2, or IgG4 Fc region as described in United
States Patent No. 10,259,85082, the entire teaching of which is herein incorporated by
reference. Tn some embodiments, the polvpeptide exhibits a reduction of phagocvtosis in a

phagocyiosis assay compared to a polypeptide with a wild-type human IgG Fe region. In
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some embodiments, the Fc domain monomer is linked to a second polypeptide comprising a
second Fo domain monomer to form an Fe domain dimer,

(630252} Chumeric Polvpeptides/Fusion Proteins: In sorne embodiments,

embodiment, the 1.2 mutein may comprise a functional domain of a chimeric polypeptide.
TL2 mutein fusion proteins of the present disclosure may be readily produced by recombinant
DNA methodology by technigues known in the art by constructing a recombinant vector
comprising a nucletc 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-
termunus or C-terminus of the IL2 mutein, the sequence optionally further comprising a
nucleic acid sequence n frame encoding a hinker or spacer polypeptide.

[300253]  Antigenmic Tags: In other embodiments, the IL2 munein may optionally be
modified to incorporate an additional polypeptide sequence that functions as an antigenic iag,
such as a FLAG sequence. FLAG seguences are recogruzed by biotinylated, 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 89:8145}. In some embodiments, the IL2 mutein
polypeptide further comprises a C-terminal c-myve epifope tag.

[060284]  Additional candidate molecules for conjugation to the RIL2 mutem of the
present disclosure include those suitable for isolation or purification. Particular non-limiting
examples inciude binding molecules, such as biotin (biotin-avidin specific binding pair), an
antibody, a receplor, a Hgand, a leclin, or molecules that comprise a solid support, including,
for exarople, plastic or polystyrene beads, plates or beads, magnetfic beads, test strips, and
membranes.

[660285] His Tags: In some embodiments, the hiL2 muteins {(including fusion proteins
of such IL2 musteins) of the present invention are expressad as a fusion protein with one or
maore transtfion-metal chelating polypeptide sequences. The incorporation of such a
transition-metal chelating domain facilitates purification immobilized metal affinity
chromatography (IMAC) as described in Smith, et al., United States Palent No. 4,569,794
issued February 11, 1986, Examples of transiion-metal chelating polypeptides useful 1o the
practice of the present invention are described i Snuth, et al. supra and Dobeli, et al. United
States Patent No. 5,320,663 1ssued May 10, 1993, the entire teachings of which are hereby

mncorporated by reference. Particular transition metal chelating polypeptides useful in the
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practice of the present invention are peptides comprising 3-6 contiguous histidineg residues
such as a six-histiding peptide (His) and are frequently referred (o in the art as “His-tags.”

[90256] Targeted hil 2 Muteins: In some embodiments, the 1L2 mutein is provided as

a fusion protein with a polypeptide sequence (“targeting domain™} {o facilitate selective
binding to particular cell type or tissue expressing a cell surface moleculde that specifically
binds to such targeting doroain, optionally mcorporating a hinker molecule of from 1-40
(altematively 2-20, alternatively 5-20, alternatively 10-20) amino acids between the IL2
mutein sequence and the sequence of the targeting domain of the fusion protein. In other
embodiments, a chimeric polypeptide including a hIL2 mutein and an antibody or antigen-
binding portion thereof can be generated. The antibody or antigen-binding component of the
chimeric protein can serve as a targeting moiety. For example, it can be used to localize the
chimeric protein {0 a particular subset of cells or target molecule. Methods of generating
cytokine-antibody chumenc polvpeptides are described, for example, in U8, Pat. No.
6,617,135 Nucleic Acid Molecules Encoding Mutant 1L2.

{6006257]  In some embodiments, the targeting domain of the hiL2 mutein fusion protein
specifically binds to a cell surface molecule of a tumor cell. In one embodiment wherein the
ECD of the CAR of a CAR-T cell specifically binds to CD-19, the 1L.2 moutein may be
provided as a fusion protein with a CB-19 targeting moiety. For example, in one
embodiment wherein the ECD of the CAR of an CAR-T cell is an s¢Fv molecule that
provides specific binding to CD-19, the IL2 mutein 1s provided as a fusion protein with a CD-~
19 targeting motety such as a single chain antitbody {(e.g , an scFv or VHH) that specifically
binds to CD-19. In some embodiments, the fusion protein comprises an hiL2 mutein and the
anti-C 9 seFv FMOG3 (Nicholson, et al. (1997) Mol Immunol 34: 1157-1165).

[960258]  Simlarly, in some embodiments wherein the ECD of the CAR of the CAR-T
cell specifically binds to BCMA, the hlL2 nwtein may be provided as a fusion protein with a
BCMA targeting moiety, such as antibody comprising the CDRs of anti-BMCA antibodigs as
described 1n in Kalled, ef of. (United States Patent 9,034,324 issued May 9, 2015) or
antibodies comprising the CIDRs as described i Brogdon, et al., (United States Patent No,
10,174,095 issuad January &, 2019} In some embodimenis the hiL2 mutein may be provided
as a fusion protein with a GD2 targeting moiety, such as an antibody comprising the CDRs of

described in Cheung, et al., (United States Patent No. 9,315,585 1ssued Aprnil 19, 2016) or the
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{DRs derived from ME36.1 (Thurin et al, (1987) Cancer Research 47:1229-1233), 14(G2a,
3F8 (Cheung, et al., 1985 Cancer Research 45:2642-2649), huld. 18, 8B6, 2E12, or ic9.

[000229]  In an alternative embodiment, the targeted hiL2 muterns of the present
disclosure may be administered in combination with CAR-T cell therapy to provide targeted
delivery of the ILZ mutein to the CAR-T cell based on an extracellular receptor of the CAR-T
cell such as by emploving atargeted hiL2 mutein construct coroprising an anti-FMCG3
antibody to target the L2 activity to the CAR-T celis and rejuvenate evhausted CAR-T cells
invive. Consequently, embodiments of the present disclosure include targeted delivery of
[L.2 muteins by conjugation of such IL2 musteins to antibodies or ligands that are designed to
moteract with specific cell surface molecules of CAR-T cells. An exarple of such a molecule
would be an anti-FMC63-hiL2 mutein.

{8006266] In other embodiments, the chimeric polypeptide includes the mutant IL2
polvpeptide and a heterologous polypeptide that functions to enhance expression or direct
cellular localization of the mutant 112 polypeptide, such as the Aga2p agglitinin subunit (see,

e.g., Boder and Wittrup, Nature Biotechnol. 15:553-7, 1997,

[886261]  Protein Transduction Domamn Fusion Proteins: In some embodiments, the TL2
mutein may be operably linked to a “Protein Transduction Domam™ or “PTD” APTDsa
polypeptide, polvnuclectide, carbohydrate, or organic or inorganic molecule that facilitates
traversing a liptd bilaver, micelle, cell membrane, organelle membrane, or vesicle membrane.
The incorporation of a PTD into an [L2 mutein facilitates the molecule traversing a
merobrane. 1o some embodiments, a PTD is covalently linked to the amuno or carboxy
terminus of an L2 mutein. o some embodiments, the PTD 1s incorporated as part of an
PTD-IL2 mutern fusion protein, either at the N or C terminus of the molecule. Exemplary
protein transduction domains include, but are not hinuted to, a mivamal decapeptide protein
transduction domain {corresponding to residues 47-57 of HIV-1 TAT); a polyarginine
sequence comprising a number of arginine residues sufficient to direct entry into a cell (s.g.,
3,4,5,6,7,8,9, 10, or 10-50 arginines), a VP22 domain (Zender et al. (2002) Cancer Gene
Ther, 9(6)489-96); a Drosophila Antennapedia protein transduction domain (Noguchi et al.
{2003} Diabetes 52(71:1732-1737}), a truncated human calcitonin peptide (Trehin et al. (2004)
Pharma. Research 21:1248-1236); polvlysine (Wender et al. {2000} Proc. Natl. Acad. Sci.
USA 97:13003-13008), Transportan {as described in Wiersbicks, et al., (2014) Foho
Histomchemica et Cytobiclogica 52{(4): 270-280 and Pooga, et a (1998) FASEB J 12{1)67-7
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and commercially available from AnaSpec as Catalog No. AS-61256}; KALA (as decribed in
Wyman et al., (1997) Biochemistry 36{10} 3008-3017 and commercially available from
AnaSpec as Catalog No. AS-65459); Antennapedia Peptide {as described mn Pietersz et al |
2001} Vaccine 19:1397 and commercially available from AnaSpec as Catalog No. AS-
61032y, TAT 47-57 (cornmercially available from AnaSpec as Catalog No. AS-60023}.
{000262]  Conjugation of Supplemental Therapeutic Agents: Tn some embodiments, the
hiL2 mutein may be linked to one or more additional therapeutic agents including but not
limited o anti-inflammatory compounds or antineoplastic agents, therapeutic antibodies (e.z.
Herceptin}, targeting moieties such as anti-turmor antigen antibodies, immune checkpoint
modulators, rmmune checkpont indubitors {e.g anti-PD1 antibodies), or cancer vaccines.
Anti-microbial agents include aminoglycosides including gentamicin, antiviral compounds
such as rifampicin, 3'-azido-3"-deoxythymidine (AZT) and acvlovir, antifungal agents such as
azoles including fluconarole, macrolides such as amphotenicin B, and candicidin, anti-
parasitic compounds, and the like. The {12 mutein may be conjugated to additional cviokines
as CSF, GSF, GMCSF, TNF, erythropoietin, immunomodulators or eytokines such as the
interferons or interleukins, a neuropeptide, reproductive hormones such as HGH, FSH, or
LH, thvroid hormoune, neurotransmatters such as acetyicholine, hormone receptors such as the
estrogen receptor. Also included are non-steroidal anti-inflammatories such as indomethacin,
salicylic acid acetate, ibuprofen, sulindac, pivoxicam, and naproxen, and anesthetics or
analgesics. Also included are radioisotopes such as those useful for imaging as well as for

therapy.

Svnthesis of IL2 Muteins

16602631  The IL2 muteins of the present disclosure may be produced by conventional
methodology for the construction of polyvpeptides including recombinant or solid phase
synthesas.

[660264]  Chenucal Synthesis: In addition to generating rmudant polypeptides via

expression of nucleic acid molecules that have been aliered by recornbinant molecular
bislogical technigues, subject hiL.2 muteins can be chemically synthesized. Chenucally
synthesized polypeptides are routinely generated by those of skill in the art. Chemical
synthests includes divect synthesis of a peptide by chemical means of the protein sequence

encoding for an 12 mutein exhibiting the properties described. This method can incorporate
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both natural and unnatural amino acids at positions that affect the interactions of IL2 with
CD25, CD122 and, CD132,

[000265]  In soroe embodiments, the 1L2 routeins of the present disclosure may be
prepared by chemical synthesis. The chemical synthesis of the L2 muteins of may proceed
via hquid-phase or solid~phase. Solid-phase peptide synthesis (SPPS) allows the
ncorporation of urmatural anuno acids and/or peptide/protein backbone modification
Various forms of SPPS are available for synthesizing IL.2 muteins of the present disclosure
are known in the art (e g, Ganesan A, (2006} Mim Rev. Med. Chem. 6:3-10; and Camarerc
LA etal, (2005) Protein Pept Lett. 12:723-8). In the course of chemical synthesis, the alpha
functions and any reactive sude chains may protected with acid-labile or base-labile groups
that are stable under the conditions for linking anmde bonds but can readily be cleaved
without impatring the peptide chain that has formed.

[000266]  In the solid phase svnthesis, either the N-terminal or C-terroinal anuno acid of
the polvpeptide may be coupled to a suitable support material. Suitable support matenals are
those which are inert towards the reagents and reaction conditions for the stepwise
condensation and cleavage reactions of the synthesis process and which do not dissolve i the
reaction roedia being used. Examples of commercially available support materials include
styrene/divinylbenzene copolymers which have been modified with reactive groups and/or
polyethviene glvcol: chloromethylated styrene/divinylbenzene copolymers:
hydroxymethylated or aminomethylated styrene/divinylbenzene copolvmers; and the hike.
The successive coupling of the protected amino acids can be carried out according to
convertional methods in peptide synthesis, typically in an automated peptide synthesizer.

[886267] At the end of the solid phase synthesis, the polvpeptide is cleaved from the
support material while stoultaneously cleaving the side chain protecting groups. The
polypeptide obtained can be purified by various chromatographic methods inchuding but not
fimited to hydrophobic adsorption chromatography, ion exchange chromatography,
distribution chromatography, high pressure liquid chromatography (HPLC) and reverse-phase
HPLC,

[600268]  Recombmant Production: Aliernatively, the IL2 muneins of the present

disclosure are produced by recombinant DNA technology. In the typical practice of
recombinant production of polypeptides, a nucleic acid sequence encoding the desired

polypeptide is incorporated inio an expression vector suitable for the host cell in which
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expression will be accomplish, the nucleic acid sequence being operably linked to one or
more expression control sequences encoding by the vecior and functional in the target host
cell. The recombinant protein mayv be recovered through disruption of the host cell or from
the cell medium if a secretion leader sequence (signal peptide} is incorporated o the
polypeptide. The recombinant protein may be purified and concentrated for further use
mcluding 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 ILZ murteins in Mark, et al., United States Patent No. 4,512,584
wssued May 21, 1985, Gallis, United States Patent No. 4,401,756 1ssued Aogust 30, 1983, the
entire teachings of which are herein incorporated by reference.

[660269]  Construction of MNucleic Acid Sequences Encoding the §1.2 Mugein, In some

embodiments, the 1L2 mutein s produced by recombimant methods using a nucleic acid
sequence encoding the IL2 mutein {or fusion protein comprising the IL2 mutemn). The
nucleic acid sequence encoding the desired hiL2 mutein can be synthesized by chenucal
means using an oligonucleotide synthesizer. The nucleic acid molecules are not limited to
sequences that encode polypeptides; some or all of the non-coding sequences that lie
upstrearn or downstream from a coding sequence {e.g., the coding sequence of hiL.2} can also
be included. Those of ordinary skili in the art of molecular biology are fammliar with routing
procedures for isolating nucleic acid molecules. They can, for example, be generated by
treatroent of genoroic DNA with restriction endonucleases, or by performance of the
polymerase chain reaction (PCR). In the event the nucleic acid molecule is a ribonucleic acid
{(RNA), molecules can be produced, for example, by in vitro transcription.

[660278]  The nucleic acid molecules encoding the IL2 mutein (and fusions thereof) may
contain naturally occurning sequences or sequences that differ from those that occur naturally,
but, due to the degeneracy of the genetic code, encode the same polypeptide. These nucieic
acid molecules can consist of RNA or DNA (for example, genomic DNA, ¢DNA, or
synthetic DNA, such as that prodoced by phosphonamidilie-based synthesisy, or combinations
or modifications of the nucleotides within these types of nucleic acids. In addition, the
nucleic acid molecules can be double-stranded or single-stranded {i.e., either a sense or an
antisense strand}.

[880271]  Nucleic acid sequences encoding the IL2 mutein may be obtamed from

various commercial sources that provide custom made nucleic acid sequences. Amino acid
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sequence varianis of the IL2 polypeptides to the produce the L2 muieins of the present
disclosure are prepared by inlroducing 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
insertion, substitution, and/or specified deletion 15 made to arrive at the final construct,
provided that the final consiruct possesses the desired biological activity as defined herein.

3902721  Methods for constructing a DNA sequence encoding the hiL2 mmueins and
expressing those sequences in a suitably transformed host include, but are not limited to,
using a PCR-assisted mutagenesis technique. Mutations that consist of deletions or additions
of armno acid residues to an hiL2 polvpeptide can also be made with standard recombinant
techniques. In the event of a deletion or addition, the nucleic acid molecule encoding hiL2 is
optionally digesied with an appropriate restriction endonuclease. The resulting fragment can
either be expressed divectly or manipulated further by, for example, ligating it {o a second
fragment. The higation may be faciitated if the two ends of the nucleic acid molecules
contain complemeniary nuciectides that overlap one another, but biunt-ended fragments can
also be higated. PCR-generated nucleic acids can also be used o generate various mutant
seguences.

[390273]  An L2 mutein of the present disclosure may be produced recombinantly not
oniy directly, but also as a fusion polypeptide with a heterologous polyvpeptide, e.g. a signal
sequence or other polypeptide having a specific cleavage site at the N-terminus or C-terminus
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
stgnal sequence selected preferably is one that is recognized and processed {i.e, cleaved by a
signal peptidase) by the host cell. In some embodiments, the signal sequence s the signal
sequence that 1s natively associated with the 112 mutein (i.e. the human L2 signal sequence}.
The inclusion of a signal sequence depends on whether it is desirad to secrete the hilL2
miutein from the recombinant cells in which it is made. If the chosen cells are prokaryotic, 1t
generally 1s preferred that the DNA sequence not encode a signal sequence. If the chosen
cells are eukaryotiic, it generally is preferred that a signal sequence be encoded and most
preferably that the wild type hiIL2 signal sequence be used. Alternatively, heterologous
marmmalian signal sequences may be sutable, such as signal sequences from secreted

polypeptides of the same or related species, as well as viral secretory leaders, for example,
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the herpes simplex gD signal. When the recombinant host cell is a veast cell such as
Saccharomy ces cerevisiae, the alpha mating factor secretion signal sequence may be
emploved fo achieve extracellular secretion of the 1L2 mutein into the culture medium as
described in Singh, United States Patent No. 7,198,919 B1 issued Apnil 3, 2007

[000274]  In the event the TL.2 mutein to be expressed is to be expressed as a chimera
{e.g., afusion protein corprising an 1L2 mutein and a heterologous polypeptide sequence),
the chimeric protein can be encoded by a hybnd nucleic acid molecule comprising a first
sequence that encodes all or part of the hiL2 mmiiein and a second sequence that encodes all
or part of the heterclogous polypeptide. For example, subject hiL2 muteins described herein
may be fused to a hexa-histidine tag to faciitate purification of bacterially expressed protein,
or to a hemagglutinin tag to facilitate purtfication of protein expressed mn eukaryotic cells. By
first and second, it should not be undersiood as limiting to the orientation of the elements of
the fusion protein and a heterologous polypeptide can be linked at etther the N+termunus
and/or C-terminus of the {L.2 mutein. For example, the N-terminus may be inkedto a
targeting domain and the C-terminus linked to a hexa-histidine tag purification handle.

[000278]  The complete amino acid sequence of the polypeptide (or fusion/chimera) to
be expressed can be used fo construct a back-translated gene. A DNA oligomer containing a
nucleotide sequence coding for hiLZ mutein can be synthesized. For example, several small
oligonucleotides coding for portions of the desired polvpeptide can be synthesized and then
hegated. The ndividual oligonucleotides typically contain 5" or 3' overbangs for
complementary assembly.

[#00276] Codon Optinization: In some embodiments, the nucleic acid sequence

encoding the 112 mutein may be “codon oplimized™ to faciliiate expression in a pariicular
host cell type. Techniques for codon optimnization n a wide variety of expression svstems,
including mammalian, veast and bacterial host cells, are well known in the and there are
online tools to provide for a codon optinized sequences for expression in a variety of host
cell types. See e.g Hawash, et al., (2017) 9:46-53 and Mauro and Chappell in Recombinant

Protein Expression in Manupalian 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 to assist in the preparation of codon optimized nucleie acid
seguences.

Expression Vectors;

N (S



WO 2021/146436 PCT/US2021/013456

[860277]  Once assembled (by synthesis, site-directed mutagenesis or another method),
the nucleie acid sequence encoding an hiL2 muiein will be mserted into 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 vector typically inchudes, bui is
not imaied to, one or more of the following: an origin of replication, one or more marker
genes, an enhancer element, a promaoter, and a ranscription termination sequence. Vectors
mclude viral vectors, plasnmid veciors, integrating vectors, and the like. Plasnuids are
examples of non-viral vectors.

[806278]  Selectable Marker: Expression vectors usually contain a selection gene, also

termed a selectable marker. This gene encodes a protemn necessary for the survival or growth
of transformed host cells grown in a selective culture medium. Host cells not transformed
with the vector containing the selection gene will not sarvive 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 available from complex media.

16602791  Regulatory Control Seguences: To faciliiate efficient expression of the

recombinant polypeptide, the nucleic acid sequence encoding the polypeptide sequence (o be
expressad is operably linked fo transcriptional and translational regulatory control sequences
that are functional in the chosen expression host. 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 12 mutein. The terms “regulatory
control sequence,” “regulatory sequence” or “expression control sequence” are used
interchangeably herein to refer {0 promoters, enhancers, and other expression control
elements {e.g., polvadenviation signals). See, for exarople, Goeddel (1990} 10 Gene
Expression Technology: Methods in Enzymaology 185 {Acadenuc Press, San Diego CA USA
Regulatory sequences inchude 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.. tissue-specific regulatory sequences). It wili 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 transformed, the level of expression of protein desired, and the
like. In selecting an expression control sequence, a vanety of factors understood by one of

skill in the art are to be considerad. These include, for example, the relative strength of the
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sequence, its conirollability, and its compatibility with the actual DNA sequence encoding the
subject hiL2 mutein, particularly as regards potential secondary structures.

[600288]  Promoters: In some emmbodiments, the regulaiory sequence is a promotier,
which is selected based on, for example, the cell type i which expression is sought.
Promoters are untranslaied sequences located upstream (5"} to the start codon of a structural
gene {generally withun about 100 to 1000 bp) that control the transcription and travslation of
particular nucleic acid sequence to which they are operably linked. Such promaoters typically
fall into two classes, inducible and constitutive.  Inducible promoters are promoters that
initiate increased levels of transcription from BNA under their control in response to some
change in culture conditions, e.g., the presence or absence of a nutrient or a change in
temperaiure. A large number of promoters recognized by a variety of potential host cells are
weldl known,

[000281] A T7 prorooter can be used 1o bacteria, a polyhedrin promoter can be used in
insect cells, and a cytomegalovirus or metaliothionein promoter can be used in manwnalian
cells. Also, in the case of higher eukaryotes, tissue-specific and cell type-specific promoters
are widely available. These promoters are so named for their ability (o divect expression of a
nucleic acid molecule n a given fissue or cell tvpe 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.

[660282]  Transcriplion from vectors in mammalian host cells may be controlled, for
example, by promaoters obtained from the genomes of viruses such as polyoma virus, fowlpox
virus, adenovirus {such as human adenovirus serotype 5}, bovine papilioma virus, avian
sarcoma virus, cylomegalovirus, a retrovirus {such as murine stem cell virus), hepatitis-B
virus and most preferably Simian Virus 40 (8V40), fror heterologous mammaliao
promoters, e.g., the actin promoter, PGK (phosphoglycerate kinase}, or an immunoglobulin
promoter, from heat-shock promoters, provided such promoters are compatible with the host

cell syvstems. The early and late promoters of the SV40 virus are conveniently obtained as an

et
[47]

S$V40 restniction fragment that also contains the SV40 viral origin of replication.

002831 Enhancers: Transcription by higher eukaryotes is often increased by inserting
an enhancer sequence o the vector. Enhancers are cis~-acting elements of DNA, usually
about from 10 to 300 bp, which act on a promoter to mcrease ifs transcripfion. Enhancers are

relatively orientation and position independent, having been found 5' and 3' to the
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transcription wnit, within an mtron, as well as within the coding sequence itself. Many
enhancer sequences are now known from mammalian genes {globin, elastase, albunin, alpha-
fetoprotein, and insulin}. Typically, however, one will use an enhancer from a eukarvotic cel
virus. Examples include the SVY40 enhancer on the late side of the replication origin, the
cvtomegalovirus earty promoter enhancer, the polyoma enhancer on the late side of the
replication origin, and adenovirus enhancers. The enhancer may be spliced mio the
expression vector af a position 5' or 3' to the coding sequence but 1s preferably located at a
stte 5' from the promaoter. Expression vectors used in eukaryotic host cells will also contain
sequences necessary for the termination of transeription and for stabilizing the mRNA. Such
sequences are commonly available from the 5' and, occasionally 3', undransiated regions of
eukaryotic or viral DNAs or ¢cDNAs. Construction of suitable vectors containing one or more
of the above-listed components emplovs standard techniques.

[060284] In addition to sequences that facilitate transcriphion of the inserted nucleic acid
molecule, vectors can contain origins of replication, and other genes that encode a selectable
marker. For example, the neomvcin-resistance (neoR} gene imparts G418 resistance to cells
i which it is expressed, and thus permiis phenotypic selection of the transfected cells.
Additional exarples of marker or reporter genes nclude beta-lactamase, chloramphenicol
acelyltransferase (U AT), adenosine deaminase {ADA), dihydrofolate reductase (DHFR),
hygromyvein-B-phosphotransferase (HPH), thynudine kinase (TK), lacZ (encoding beta-
galactosidase)

Pl

and xanthine guarune phosphoribosy Hransferase (XGPRT). Those of skill in
the art can readily determine whether a given regulatory element or selectable marker is
suitable for use in a particular experimental context.

[000285]  Proper assembly of the expression vector can be confirrued by nucleotide
sequencing, restriction mapping, and expression of a biologically active polvpeptide in a
suitable host.

Host Cells:

[886286] The present disclosure further provides prokaryotic or eukarvotic cells that
contain and express a nucieie acid molecule that encodes a hiL2 mutein of the present
disclosure. A cell of the present disclosure is atransfected cell, 1., a cell into which a
nucleic acid molecule, for example a nucleic acid molecule encoding a mutant hilL2
polypeptide, has been introduced by means of recombinant DNA techmques. The progeny of

such a cell are also considered within the scope of the present disclosure,
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[600287] Host cells are typically selected in accordance with their compatibility with
the chosen expression vector, the toxicity of the product coded for by the DNA sequences of
this mvention, their secretion characteristics, their ahility o fold the polypeptides correctly,
their fermentation or culiure requirements, and the ease of purification of the producis coded
for by the DNA sequences. Suitable host cells for cloning or expressing the DNA in the
vectors herein are the prokarvote, veast, or higher eukarvote cells.

[#60288] In some embodiments the recombinant hiL2 mmneins or biologically active
variants thereof can alse be made in eukaryotes, such as yeast or human cells. Suitable
eukaryotic host cells inchude insect cells {examples of Baculovirus vectors available for
expression of proteins in cultured 1nsect cells (e.g., 59 cells) mclude the pAc series (Smith 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 §. cerenvisiae
mnclude pYepSecl (Baldari et al. (1987 EMBO 1 6:229-234), pMFa (Kurjan and Herskowiiz
(1982) Cell 30:933-943), pIRYSS (Schultz et al. (1987) Gene 54:113-123), pYES2
{(Invitrogen Corporation, San Diego, Calif)), and pPicZ (Invitrogen Corporation, San Diego,
Calif }); or mammalian cells {mammalian expression vectors include pCBME (Seed (1987)
Nature 329:840) and pMTZPC (Kaubman et al. (1987) EMBO J. 6:187:195)),

[#60289] Examples of useful mammalian host cell lines are mouse L cells (L-M{TK-],
ATCCHCRL-2648), monkey kidney CV1 line fransformed by SV40 ({08-7, ATC{ CRL
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 (CVI 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
34%; buffalo rat liver cells (BRL 34, ATCC CRL 1442); human hung cells (W13%, ATCC
CCL 75); human liver cells (Hep G2, HB 8065}, mouse mammary tumor {MMT 060562,
ATCC CCLSL); TRI cells; 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 polvoma,
Adenovirus 2, evtomegaloviras, and Sumian Virus 40.

[000290]  The L2 routein can be produced in a prokaryotic host, such as the bacteriam

F. coli, or in a eukaryotic host, such as an insect cell {e.g., an Sf21 cell}, or mammalian cells
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{e.g., COS cells, NIH 373 cells, or HeLa cells). These cells are available from many sources,
including the American Type Culture Collection (Manassas, Va.). In selecting an expression
system, it matters only that the components are compatible with one another. Artisans or
ordinary skili are able to make such a determination. Furthermore, if guidance is required in
selecting an expression systern, skilled artisans may consult Ausubel et al. (Current Proiocols
1o Molecular Biology, John Wiley and Sons, New York, N.Y., 1993} and Pouwels et al.
{Cloning Vectors: A Laboratory Manual, 1943 Suppl. 1987),

{606291]  In some embodiments, hIL2Z muteins obtained will be givcosviated or
unglyvcosylated depending on the host organisw used to produce the mutein. If bacteria are
chosen as the host then the hil.2 mutein produced will be unglveosylated. Fukarvotic cells,
on the other hand, will glvcosviate the hiL.2 muteins, although perhaps not in the same way as
native-1L2 is ghvcosylated.

[660292]  For other additional expression svsterns for both prokaryotic and eukaryotic
cells, see Chapters 16 and 17 of Sambrook et al. {1989} Molecular Cloning: A Laboratory
Manual (2nd ed., Cold Spring Harbor Laboratory Press, Plamnview, N.Y ). See, Goeddel
{1990} in Gene Expression Technology: Methods in Enzymology 185 (Academic Press, San

Dhiego, Caiif).

Transfection:

6602931  The expression constructs of the can be introduced into host cells to thereby
produce the bIL2 muteins disclosed herein or to produce biologically active muteins thereof.
Vector DNA can be mtroduced into prokaryotic or eukaryvotic cells 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, Plamview, N.Y .} and other standard molecular
biology laboratory mamuals.

[866294]  In order to facilitate transfection of the target cells, the target cell may be
exposed directly with the non-viral vector may under condifions that facilitate uptake of the
non-viral vector. Examples of conditions which facilitate uptake of foreign nucleic acid by
mammalian cells are well known in the art and include but are not limited to chemical means
{such as Lipofectamine®, Thermo-Fisher Scientific}, high sali, and magnetic fields

{eleciroporation}.
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Cell Culture;

[980295]  Cells may be cultured in conventional nutrent media modified as appropniate
for inducing promaoters, selecting transformants, or amplifying the genes encoding the desired
sequences. Mammalian host cells may be cultured in a variety of media. Commercially
available media such as Ham's F10 (8igma), Mimimal Essential Medium ((MEM), Sigma),
RPMI 1640 (Sigma), and Dulbecco's Modified Fagle's Medium ({DMEM]}, Sigma} are
suitable for culturing the host cells. Any of these media may be supplemented as necessary
with hormones and/or other growth {actors (such as msalin, transferrin, or epidermal growth
factor), salts {such as sodium chioride, calcium, magnesium, and phosphate}, buffers (such as
HEPES), nucleosides (such as adenosine and thynudine), antibiotics, trace elements, and
glucose or an equivalent energy source. Any other necessary supplements may also be
mcluded at appropriate concenirations that would be known to 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 1o the ordinarily skilled artisan.

Recovery of Recombinant Protemns:

{000296] Recorsbinantly produced L2 mutein polypepiides can be recovered from the
culture medium as a secreted polypeptide if a secretion leader sequence is emploved.
Alternatively, the IL2 mutein polypeptides can also be recovered from host cell lysates. A
protease inhibitor, such as phenvl methyl sulfonyi fluoride (PMSF) may be emploved during
the recovery phase from cell lysates to ihibit protecivtic degradation during punification, and
antibiotics may be included to prevent the growth of adventitious contaninants.

Purification:

[660297]  Various purification steps are known in the art and find use, e.g. affinity
chromatography. Affinity chromatography roakes use of the ighly specific binding sites
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 natural specific
hinding of one molecular species o separate and purntfy a second species from a mixiure.
Antibodies are commonly used in affinity chromatography. Size selection sieps may also be
used, e.g. gel filtration chromatography {also known as size-exclusion chromatography or

molecular sieve chromatography) 1s used to separate proteins according to their size. In gel
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filtration, a protein solution is passed through a column that is packed with semipermeable
porous resin. The seruipermeable resin has a range of pore sizes that determines the sizve of
proteins that can be separated with the colunmn,

[660298] The hiL2 mutein produced by the transformed host ¢an be purified according
{o any suiiable method. Various methods are known for purifving IL2. See, e.g. Current
Protocols in Proten Science, Vol 2. Eds: John E. Coligan, Ben M. Durn, Hidde L. Ploehg,
David W. Speicher, Paul T. Wingfield, Unit 6.5 (Copyright 1997, John Wiley and Sons, Inc.
hiL2 muteins can be isolated from inclusion bodies generated in E. coli, or from conditioned
mediun from either mammalian or yeast coltures producing a given mutein using cation
exchange, gel filtration, and or reverse phase higuid chromatography,

[#60299] The substantially purnfied forms of the recombinant polypeptides can be
purified from the expression system using routine biochemical procedures, and can be used,
e.g., as therapeutic agents, as described heren.

[600308]  The hological activity of the hiL2 muteins can be assayved 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 activity assays include CTLL-2 proliferation, induction of phospho-STATS (pSTATS)

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

Formudations:

[000301] 1o embodirvends of the therapeutic roethods of the present disclosure jnvolve
the administration of a pharmaceutical formulation comprising an L2 mutein (and/or nucleic
acids encoding the IL2 mutein) to a subject in need of treatment. Adnmunistration to the
subject may be achieved by infravenous injection, as a bolus or by continuous infusion over a
period of time.  Alternative routes of administration include itrarouscular, intrapertioneal,
intra-cerobrospinal, subcutanecus, intra-articular, intrasynovial, intrathecal, oral, topical, or
mhalation routes. The [L2 mudeins also are suitably administered by intratumoral,
peritumoral, mtralesional, intranodal or perilesional routes or to the vroph, 1o exert local as
well as systemic therapeutic effects.

[660392]  In some embodiments, subject kL2 muteins (and/or nucleic acids encoding
the IL2 mutein) can be incorporated mio compositions, mcluding pharmaceuatical

compostiions. Such compositions typically include the polypeptide ot nucleic acid molecule
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and a pharmaceuiicaily acceptable carrier. A pharmaceutical composition is formulated to be
compatible with 1ts intended route of admunistration and is compatible with the therapeutic
use for which the IL2 mutein is to be adnunistered to the subject in need of treatment or
prophvaxis.

[660363] Parenteral Formulations; In some embodiments, the methods of the present

disclosure involve the parental admimstration of a hiL2 routein. Examples of parenteral
routes of admunistration include, for exampie, intravenous, intradermal, subcutaneous,
transdermal {topical), transmucosal, and rectal administration. Parenteral formulations
comprise solutions or suspensions used for parenteral application can include vehicles the
carriers and buffers. Pharmaceutical formulations for parenteral administration include stenile
aqueous solutions (where water soluble) or dispersions and sterile powders for the
extgmporanecus preparation of sierile injeciable solutions or dispersion.

[000384] Carners: Camiers mclude a sterile diluent such as water for injection, saline
solution, fixed oils, polyethylene glveols, glveerine, propviene glycol or other synthetic
solvents. The carrier can be a solvent or dispersion medium containing, for example, waler,
ethanol, polyol {for example, glhvcerol, propyiene glycol, and hquid polvethylene glveol, and
the hike), and suitable muxtures thereof The proper fluidity can be mamtained, {for example,
by the use of a coating such as lecithin, by the maintenance of the required particle size i the
case of dispersion and by the use of swrfactants, e g., sodium dodecyl sulfate. For intravenous
admimistration, suitable carners include physiological saling, bacteriostatic water, Cremophor
ELTM. (BASF, Parsippany, N.J.) or phosphate buffered saline (PBS).

[#90305] Buffers: The term buffers includes buffers such as acetates, citrates or
phosphates and agents for the adjustment of tonicity such as sodium chlonide or dextrose. pH
can be adjusted with acids or bases, such as mono-~ and/or di-basic sodium phosphate,
hydrochloric acid or sodium hyvdroxide (eg.. to a pH of about 7.2-7 8, e g, 7.5).

[860386] Dispersions. Generally, dispersions are prepared by incorporating the active
compound into a sterile vehicle, which contains a basic dispersion medium and the required
other ingredients from those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of preparation are vacuum
drying and freeze-dryving which vields a powder of the active ingredient plus any additional

desired jogredient from a previously sterile-filtered solution thereof.
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[600397] Preservatives: The pharmaceutical formmiations for parenteral administration
to a subject should be sterile and should be flud to facilitate easy svringability. It should be
stable under the conditions of manufacture and storage and are preserved against the
contamination. Prevention of the action of microorganisms can be achieved by varicus
antibacterial and antifungal agents, for example, agents such as benzyl aleohol or methyl
parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacetic acid, parabens, chlorobutanc!, phenol, ascorbic acid, thimerosal,
and the hike Sterile solutions can be prepared by incorporating the active compound in the
required amount i an appropriate solvent with one or a combination of ingredients
emnmerated above, as required, followed by filtered stenilization.

[600308] Tonicitv Agents: In many cases, it will be preferable to include isotonic

agents, for example, sugars, polyalcohols such as mannitol, sorbiiol, sodium chioride in the
composiiion.

[600309]  QOral Compositions: Oral compositions, if used, generally include an inert

diluent or an edible carrier. For the purpose of oral therapeuiic adminisiration, the active
compound ¢an be incorporated with excipients and used in the form of tablets, troches, or
capsules, e.g., gelatin capsules. Oral compositions can also be prepared using a flind carmier
for use as a mowthwash. 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 compounds of a simmlar natare: a
binder such as nucrocrystalline cellulose, gum tragacanth or gelatin; an excipient such as
starch or laciose, a disintegrating agent such as alginic acid, PrimogelTM, or corn siarch; a
tebricant such as magnesiom stearate or SterotesTM, a ghidant such as colloidal siicon
dioxide; a sweetening agent such as sucrose or saccharn; or a flavoning agent such as
peppermint, methyl salicvlate, or orange flavoring,

[66031%]  Inhalation Formulations: In the event of administration by inhalation, subject

hiLZ muteins, or the nuclete acids encoding them, are delivered in the form of an aerosol
spray from pressured contamer or dispenser which contains a suitable propellant, eg., a gas
such as carbon dioxide, or a nebulizer. Such methods include those described in U.S. Pat. No.
6,468,795,

[980311]  Mucosal and Traosdermal: Systemic admimstration of the subject hil.2

nniteins or nucletc acids can also be by transmucosal or transdermal means. For transmucosal
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or transdermal administration, penetranis appropriate to the barrier to be permeated are used
in the formudation. Such penetrants are generally known in the art, and mclude, for example,
for transmucosal adminisiration, detergents, bile salis, and fusidic acid derivatives.
Transmucosal administraiion can be accomplished through the use of nasal sprays or
suppositories suppositories (e.g., with conventional suppository bases such as cocoa butter
and other glycerides) or retention enemas for rectal delivery. For transdermal adowonistration,
the active compounds are formulated into cintments, salves, gels, or creams as generally
known in the art and may incorporate permeation enhancers such as ethanol or fanolin.

[866312] Extended Release and Depot Formulations: In some embodiments of the

method of the present disclosure, the IL2 mutein 1s adroirustered to a subject in need of
treatment in a formulation to provide extended release of the IL2 mutein agent. Examples of
extended release formulations of the injectable compositions ¢an be brought about by
ncluding in the composition an agent which delays absorption, for example, alumanum
monostearate and gelatin. In one embodiment, the subject hiL2 muteins or nucleic acids are
prepared with carriers that will protect the mutant hIL2 polvpeptides against rapid elimination
from the body, such as a conirolled release formulation, inchuding implants and
microencapsulated delivery svstems. Biodegradable, biocompatible polymers can be used,
such as ethylene vinyl acetate, polvanhydrides, polyglveolic acid, collagen, polyorthoesters,
and polylactic acid. Such formulations can be prepared using standard techmiques. The
materials can also be obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions {including lposomes targeted to infected cells
with monocional antibodies to viral antigens) can also be used as pharmaceutically acceptable
carriers. These can be prepared according o methods known (o those skilled in the axt, for
example, as described in U5, Pat. No. 4,522,811,

[390313] Admustration of Nucleic Acids Fncoding the 11,2 Mutein {Gene Therapv):

In some embodiments of the method of the present disclosure, nucleic acids encoding the IL2
mutein is adminisiered to the subject by transfection or infection using methods known in the
art, mcluding but not imited to the methods described in McCaffrey et al. (Nature 418:6893,
20023, Xia et al. (Nature Biotechnol. 20: 1006-1010, 2002). or Putnam {Am. J. Health Syst.
Pharm. 533: 151-160, 1996, erratum at Am. J. Health Syst. Pharm. 53:325, 1996). Insome
embodiments, the IL2 mutein 1s adranistered 1o a subject by the adnunistration of a

pharmaceutically acceptable formulation of recombinant exprassion vector. In one
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embodiment, the recombinant expression vector is a viral vector. In some embodiments, the
recombinant vecior is a recombinant viral vecior. In some embodiments the recombinant
viral vecior 13 a recombinant adenoassociated virus {rAAV) or recombinant adenovirus (rAd),
in particular a replication deficient adenovirus derived from human adenovirus serotypes 3
and/or 5. In some embodiments, the replication deficient adencviras has one or more
modifications to the El region which mierfere with the ability of the virus to mitiate the cell
cyvcle and/or apoptotic pathways in a human cell. The replication deficient adenoviral vector
may optionally comprise deletions in the E3 domain. In some embodiments the adenovirus is
a rephication competent adenovirus. In some embodiments the adenovirgs 1s a replication
competent recombinant virus engineered to selectively replicate in lvmphocytes.

[660314]  In one embodiment, the IL2 muein formulation is provided in accordance
with the teaching of Fernandes and Taforo, United States Paient No. 4,604,377 issued Avgust
5, 1986 the teaching of which 1 herein incorporated by reference. And Yasw, et al, United
States Patent No. 4,645,830,

[660315] The parenteral preparation ¢an be enclosed in ampoules, disposable syringss
or multiple dose vials made of glass or plastic. In one embodiment, the formulation i3

provided 1 a prefilled syringe for parenteral admnistration.

Methods of Treatment

[000316]  The present disclosure provides methods of use of 1L.2 routeins in the
treatment of subjects suffering from a neoplastic disease disorder or condition by the
admunistration of a therapeutically effective amount of an 1.2 mutein {or nuclei¢ acid
encoding an IL2 mutein including recombinant vectors encoding IL2 muteins) as described
herem.

[660317]  The present disclosure provides methods and compositions for the treatment
and/or prevention of neoplastic diseases, disorders or conditions by the administration of a
therapeutically effective amount of hIL2 muteins that have decreased binding affinity for
CD132 yet retain significant binding affinity for CD122 and/or CD25 comparable to the

atfinity of wild-type human IL2.
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[660318]  In some embodiments, the disclosure methods and compositions for the
treatment and/or prevention of neoplastic diseases, disorders or conditions by the
administration of a therapeutically effective amount of an human 1L2 muteins that have
CD23 comparable to the activity of wild-type hIL2 in combination with a supplementary
agents, iocluding but not limited to one or more of chemotherapeutics, immune checkpoint
moduiators, radiotherapy and/or physical interventional treatment methods such as surgery.

{6006319]  In some embodiments, the present disclosure provides human interleukin-2
(JL.2) muteins providing modified binding properties to one or more IL2 receptors {or the
treatment of neoplastic disease.

$6032681  Neoplasms amenable to treatment: The compositions and methods of the
Iy

present disclosure are useful in the treatment of subject suffening from a neoplastic disease
characterized by the presence neoplasios, mcluding berugn and malignant neoplasios, and
neoplastic disease.

[860321] Examples of benign neoplasms amenable {0 treatment using the compositions
and methods of the present disclosure inchude but are not limited to adenomas, fibromas,
hemangiomas, and lipomas.  Examples of pre-malignant neoplasms amenable fo treatment
using the compostiions and methods of the present disclosure include but are not hinuted to
hyperplasia, atypia, metaplasia, and dysplasia. Examples of malignant neoplasms amenable
to treatment using the compositions and methods of the present disclosure include but are not
limited to carcinomas {cancers ansing from epithelial tissues such as the skin or tissues that
line internal organs), leukemias, lymphomas, and sarcomas typically derived from bone fag,
muscle, blood vessels or comnective tissues).  Also inchuded in the term neoplasms are viral
mnduced neoplasms such as warts and EBV induced disease (1.e., infectious mononucleosis),
scar formation, hyperproliferative vascular disease including intimal smooth muscle cell
hyperplasia, restenosts, and vascular occlusion and the like.

[866322] The term “neoplastic disease” mcludes cancers characterized by sohid tumors
and non-sohd tumors including but not himited to breast cancers; sarcomas (jucluding but not
fimited to osteosarcomas and angiosarcomas and fibrosarcomas), leukemias, lvmphomas,
genitourinary cancers (including but not limited to ovarian, wrethral, bladder, and prostate
cancers); gastroinlestinal cancers {including but not imited to colon esophageal and stomach

cancers}; lung cancers; myelomas; pancreatic cancers; liver cancers; kidney cancers; endocrine



WO 2021/146436 PCT/US2021/013456

cancers; skin cancers; and brain or central and peripheral nervous {CNS) system fumors,
malignant or bemgn, including ghomas and neuroblasiomas, astrocvtomas, myelodysplastic
disorders; cervical carcinoma-in-situ; utestinal polvposes; oral leukoplakias; histiocvioses,
hyperprofroliferative scars including keloid scars, hemangiomas, hvperproliferative arterial
stenosis, psoriasis, inflamwnatory arthritis; hyperkeratoses and papulosquamous eruptions
including arthritis.

[#00323] The term neoplastic disease includes carcinomas. The term "carcinoma' refers
to malignancies of epithelial or endocrine fissues including respiratory svsiem carcinomas,
gastrointestinal system carcinomas, genitourinary sysiem carcinomas, iesticular carcinomas,
breast carcinomas, prostatic carcinomas, endocrine system carcinomas, and melanomas. The
term neoplastic disease includes adenocarcinomas. An "adenocarcinoma” refers to a carcinoma
derived from glandular fissue or in which the tumor cells form recognizable glandular
structures.

[600324]  As used herein, the term “hematopoietic neoplastic disorders” refers o
neoplastic diseases involving hyperplastic/neoplastic cells of hematopoistic origin, e.3.,
arising from myeloid, lvmphoid or erythroid lineages, or precursor cells thereot.

[000325]  Myelowd neoplasms maclude, but are not lunated to, myeloproliferative
neoplasms, myeloid and lyvmphoid disorders with eosinophilia,
myeloproliferative/myelodysplastic neoplasms, myelodysplastic syndromes, acute myeloid
leukemua and related precursor neoplasms, and acute leukernia of ambiguous lineage.
Exemplary mveloid disorders amenable to treatment in accordance with the present
disclosure include, but are not limited to, acute promyeloid leukemia {APML}, acute
myelogenous leukemia (AML) and chronie myelogenous leukemia (CML).

[660326] Lymphoid neoplasms include, but are not imiled {o, precursor lymphoid
neoplasms, mature B-cell neoplasms, mature T-cell neoplasms, Hodgkin’s Lymphoma, and
immunodeficiency-associated fymphoproliferative disorders. Exemplary lymphic disorders
amenable {0 treatment i accordance with the present disclosure include, but are not himited
10, acute lymphoblastic leukerma {ALL) which includes B-lineage ALL and T-lineage ALL,
chronic lymphocytic leukemia (CLL), prolymphocytic leukenua (PLL), hatry cell leukenua
{(HLL} and Waldenstrom's macroglobulinemia (WM.

[866327]  In some instances, the hemaltopoietic neoplastic disorder arises from poorly

differentiated acule leukemias (e.g., ervihroblastic leukenua and acute megakaryoblastic
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leukemia} As used herein, the term "hemaiopoietic neoplastic disorders” refers malignant
tymphomas including, but are not himited to, non-Hodgkins lymphoma and variants thereof,
peripheral T cell lymphomas, adult T-cell leukemia/lyraphoma (ATL), cutaneous T cell
tvmphoma (CTCL), large granular lymphocytic leakemia (LGF}, Hodgkin's disease and
Reed-Stemberg disease.

[80328] The deternunation of whether a subject s “suffering from a neoplastic
disease” refers to a deternunation made by a physician with raspect 1o a subject based on the
available information accepted in the field for the identification of a disease, disorder or
condition inchuding but not Himted to Xeray, CT-scans, conventional laboratory diagnostic
tests {e.g. blood count, eic.), genonuc data. protein expression data, immunohistochemistry,
that the subject requires or will benefit from treatment.

{6006329]  Tumor Mutation Burden And Immunotherapy: The adaptive immune system

recogrizes the displav of certain cell surface proteins in response o fumor mutations
facilitating the recognition and elimination of neoplastic cells. Tumors that possess a higher
tumor rmuation burden {TMB) are more likely to exhibit such “tumor antigens.” Indead,
chinical experience shows that tumors comprised of neoplastic cells exhibiting a high tumor
mutation burden are more likely 1o respond to immumne therapies, including tmmoune
checkpoint blockade (Rizvi, et @l {2015) Science 348(6230): 124-128; Marabelle, er o/
{20203 Lancet Uncol 21¢10):1353-1365). Tumor muitation burden is useful as a biomarker to
identify tumors with an increased sensifivity to immune therapies such as those provided in
the present disclosure.

[#60338]  In some embodiments, the compositions and methods of the present disclosure
are useful in the treatment of neoplastic disease associated with the formation of solid tumors
exhibiting an intermediate or high tumor mutational burden (TMB). In some erobodirnernts,
the compositions and compositions and methods of the present disclosure are useful in the
treatment of immune sensitive solid tumors exhibiting an intermediate or high tumor
mutational burden (TMB). Examples of neoplastic diseases associated with the formation of
solid turnors having an ntermediate or hugh tumor mutational burden amenable to treatiment
with the compositions and methods of the present disclosure inchude, but are not limited to,
non-small cell lung cancer and renal cell cancer. In one embodiment, the compositions and
methods are useful 1o the treatment of nou-small cell tung cancer (NSCLC) exhibiting an

intermediate or high TMB. NSCLC cells typically harbor a significant number of mutations
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and are therefore more sensitive to immune therapies. The current standard of care for
NSCLC is stratified by the cancer initiating mechanisms and generally follows the
recommendations of NCCN or ASCO. A large proportion of NSCLC has increased TMB
and is therefore mtially more sensitive to immune therapies. However, most tumors
eventually relapse on immune checkpoint inhibition. Patients with relapsed tumors tvpically
show reduced T cell mfiltration in the tumor, systemic T cell exhaustion and a suppressed
immune response compared to the lesions prior to immune checkpoint inhibition. Therefore,
improved immune therapies are required, re-activating and expanding the exhausted, rare
tamor infiltrating T cells.

[660331]  Tumor Mutation Burden: As used herein, the term “fumor mutalion burden

{(TMB)"” refers to the number of somatic mutations present in a tumor sample expressed as the
mumber of mutations per megabase as determined by nucleie acid sequencing wherein at least
0.2 megabase of the nuclewc acid in the tumor sarople 1s sequenced, alteratively wherein at
least 0.5 megabases of the nucleic acid i the tumor sample is sequenced, altemnatively
wherein at least 1 megabase of the nucleic acid in the tumor sample is sequenced, or
alternatively wherein at least 5 megabases or alternatively wherein at least ten megabases of
the nucleic acid in the tumor sample s sequenced. I 1s understood that the rate of tumor
mutation burden vartes among neoplastic diseases so tumor mutation burden should be
assessed in the context of a given disease type. For example, certain types of cancers exhubit a
wide range of mutation rates from less than 1 mutation per roegabase to hundreds of
nnitations per megabase. As described in Chalmers, ef /. (2017} Genome Medicine 934, the
accuracy in assessing fow tumor mutation burden (flow TMB) is improved using the
FoundationOne® assay (Foundation Medicine, Cambridge MA as described in Frampion, ef
ai. {2013) Nature Biotechnology 31:1023-31; He, ef ¢f (2016} Blood 127:3004-14).

[#60332] High Low and Intermediate TMB: FTumors are commonly characterized in

clinical practice as exhibiting “high,” “low” or “intermediate”™ tumor mutation burden. As
used herein, the term “intermediate tumor muiation burden” means a tumor mutation burden
of greater than the upper threshold of the level of tumor nmtation burden applied to the term
low mutation burden in the particular context. In some embodiments, the term intermediate
tamor mutation burden i3 greater than about 15 mutations per megabase sequenced but less
than about 100 mutations per megabase sequenced, altemnatively greater than about 10

mutations per megabase sequenced but less than 75 mutations per megabase sequenced,
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alternatively greater than about 5 mutaiions per megabase sequenced but less than 50
mutations per megabase sequenced, alternatively greater than about 1 mutations per
megabase sequenced but less than 30 mutations per megabase sequenced, aliematively
greater than about 1 mutation per megabase sequenced bui less than 20 mutations per
megabase sequenced. As used herein, the term high tumor mudation is a tumor mutation
burden m excess of an interroediate tumor mutation burden greater than or equal to 100
mutations per megabase sequenced, altemnatively greater than or equal to 75 mutations per
megabase sequenced, alternatively greater than or equal to 50 mutations per megabase
sequenced, aliemnatively greater than or equal to 30 mutations per megabase sequenced,
alternatively greater than or equal to 20 mutations per megabase sequenced, or altematively
greater than or equal to 10 mutations per megabase sequenced. As used herein, the term “low
tumor mutaiion burden” means a tumor mutation burden of less than or equal (o 15 mutations
per megabase sequenced, less than or equal {0 10 mutations per megabase sequenced,
alternatively less than or equal to 7 mittations per megabase sequenced. alternatively less than
or equal 1o 5 mutations per megabase sequenced, aliernaiively less than or equal to 2
mutations per megabase sequenced, or altermatively less than or equal to 1 mutation per
megabase sequenced. Sequencing 1o assess TMB may be achieved by any of a vanety of art
accepted methods including partial genome sequencing, whole exome sequencing (WES) or
whole genome sequencing (WGS) using next-generation seguencing (NGS) technologies
well established o the art. Although the accuracy of the assessment of TMB increases with
the quantity of nucleic acid sequenced, but that the percentage deviation is lower in samples
having TMB such that high TMB can be effectively identified by targeted sequencing of only
several hundred genes whereas intermediate TMB 1s improved by the sequence of ai least 0.5
Mb sequenced. whereas reliable assessoent of low TMB 1s iroproved by the sequencing of §
megabases, alternatively, 10 megabases or more of nucleic acid in the tumor sample.

[000333]  Assessing Anii-Neoplastic Efficacy:  The determunation of efficacy of the

methods of the present disclosure 1 the treatment of cancer is generally associated with the
achievement of one or more art recognized parameters such as reduction in lesions particularly
reduction of metastatic lesion, reduction in metastasis, reduction in tumor volume,
improvement in ECOG score, and the like. Determining response {o freatment can be assessad
through the measurersent of biomarker that can provide reproducible information useful in any

aspect of IL.2 mutein therapy, including the existence and extent of a subject’s response to such
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therapy and the existence and exient of unioward effects caused by such therapy. By way of
example, but not imitation, biomarkers include eshancement of IFNy, and upregulation of
granzyme A, granzvme B, and perforin; increase wmn CD8+ T-cell number and function;
enhancement of IFNy, an increase in [COS exprassion on CD8+ T-cells, enhancement of 1L~
10 expressing Trep cells. The response (o treatment may be characterized by improvemenis in
conventional measures of clinical efficacy may be emploved such as Complete Response (CR),
Partial Response (PR}, Stable Disease (S} and with raspect to target lesions, Complete
Response (CR),” Incomplete Response/Stable Thsease (ST} as defined by RECIST as weil as
immnune-related Complete Response (ifCR), immune-related Partial Response (rPR), and
unmune-related Stable Disease (irSD) as defined Immune-Related Response Criteria (irRO)
are considered by those of skill in the art as evidencing efficacy in the treatment of neoplastic
disease in mammalian (e.g. human) subjects.

[980334] Mainienance of Serum Congentration: In some embodiments of the invention

the present disclosure provides methods and compositions for the freatment and/or prevention
of neoplastic diseases, disorders or conditions by the adnunistration of a therapeutically
effective amount of an hiIL2 mudeins that have decreased binding affinity for CD132 vet
retain sigoificant binding affiouy for CD122 and/or CD2S coraparable to wild-type hiL2
wherein the serum concentration of the hiL2 mutein is maintained for a majority {1.e., greater
than abowt 50% of the period of time, aliernatively greater than about 60%, alternatively
greater than about 70%, aliernatively greater than about 80%, alternatively greater than about
90%:) of a period of time {e.g. at least 24 howrs, alternanvely at least 4% hours, alternativelv at
east 72 hours, alternatively at least 96 hours, alternatively af least 120 howrs, alternatively at
east 144 hours, alternatively at least 7 days, alternatively at least 10 days, alternatively at
{east 12 days, alternatively at least 14 days, alternatively at feast 28 days, aliematively at least
45 days, alternatively at least 60 days, or longer) at a serum concentration at or above the
effective concentration of the TL2 mutein sufficient to promote proliferation of CD3-

activated primary human T-cells {e.g., at or above EC1e™R0, altematively at or above BEC20™R9,

FROC PRO FROC

alternatively at or above EC30™, alternatively at or above EC0™%, at or above ECso™",

alternatively at or above ECe™) with respect to such IL2 mutein but at a serum
concentration at or below of the effective concentration at a serum conceniration of such L2

PRO

muten sufficient to induce activation of T-cells (e.g,, at or below EC100™, alternatively at or
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below ECot™®C, aliernatively at or below EC:etC, alternatively at or below EC™R0, at or
below ECao™9, alternatively at or below ECso™0) with respect to such 112 mutein.

Combination O 112 Muteins with Supplernentary Therapeutic Agents:

1600335] The present disclosure provides the  for the use of the IL2 muteins of the
present disclosure in combination with one or more additional active agents (“supplementary
agents”). Such further combinations are referred to mmterchangeably as “supplementary
combinations” or “supplementary combination therapy”™ and those therapeutic agents that are
used in combination with IL2 mutems of the present disclosure are referred to as
“supplementary agenis.” As used herein, the term “supplementary agents” includes agents
that can be administered or iroduced separately, for example, formulated separately for
separate adminisiration {e.g., as may be provided i a kit) and/or therapies that can be
administered or introduced in combination with the hiL2 muteins.

[660336]  In Combmation With: As used herein, the term “in combination with” when used in

reference to the adrmimistration of multiple agenis to a subject refers to the advunistration of a first
acent at least one additional (i.e. second, third, fourth, fifth, etc.) agent to a subject. For purposes of
the present invention, one ggent {e.g. hILZ mutein} is considered to be administered in
combination with a second agent (e g. a modulator of an 1mmune checkpoint pathway) if the
tiological effect resulting from the admunistration of the first agent persists in the subject at
the time of admunistration of the second agent such that the therapeutiic effecis of the first
agent and second agent overlap. For example, the PB1 immune checkpoint inhibitors {(e.g.
nivolumab or pembrolizumab) are typically admunistered by TV infusion every two weeks or
every three weeks while the hiL2 muteins of the present disclosure are typically administered
more {frequently, e.g. daily, BID, or weekly. However, the administration of the first agent
{e.g. pembrolizumab) provides a therapeutic effect over an extended time and the
administration of the second agent {e.g. an hiL2 mutein} provides its therapewtic effect while
the therapeutic effect of the first agent remains ongoing such that the second agent 1s
considered to be admunistered in combination with the first agent, even though the first agent
may have been administered at a point in time significantly distant (e.g. davs or weeks) from
the time of admunistration of the second agent.  In one embodiment, one agent is considered
10 be admimstered in combination with a second agent if the first and second agents are
admimstered simultaneously {within 30 minutes of each other), contemporaneously or

sequentially. In some embodiments, a first agent is deemead 1o be admiristered
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“contemporaneously”™ with a second agent if first and second agents are administered within
about 24 hours of each another, preferably within about 12 hours of each other, preferably
within about 6 hours of each other, preferably within about 2 hours of each other, or
preferably within about 30 minutes of each other. The term “in combination with™ shall also
understood to apply 1o the situation where a first agent and a second agent are co-formulated
1o single pharmaceutically acceptable formulation and the co-formulation is adnunistered to a
subject. In certain embodiments, the hiL.2 muten and the supplementary agent(s) are
administered or applied sequentially, e g., where one agent is administered prior {0 one or
more other agents. In other embodiments, the hIL2 mulein and the supplementary ageni(s)
are administered simultaneously, e g, where two or more agemis are administered at or about
the same time; the {wo or more agents may be present in two or more separate formulations
or combined into a single formulation (i.e., a co-formulation). Regardless of whether the
agents are administered sequeniially or simultaneously, they are considered to be
administered in combination for purposes of the present disclosure,

[866337] Establishing Optimum Combinatorial Therapies: Further embodiments

comprise a method or model for determining the optimwm amownt of an agent(s) im a
combination. An optimum arnount can be, {or example, an amount that achieves an optiroal
effect in a subject or subject popuiation, or an amount that achieves a therapeutic effect while
minimizing or eiminating the adverse effects associated with one or more of the agenis. In
some embodiments, the methods jovolving the combination of an WL2 routemn and a
supplementary agent which is known to be, or has been determined to be, effective in treating
or preventing a disease, disorder or condition described herein {e.g., a cancerous condition) in
a subject {e.g., a human) or a subject population, and an amount of one agent 1s titrated while
the amount of the other agent(s) 1s held constant. By manipulating the aroounis of the
ageni(s) in this manner, a clinician is able to determine the ratio of agents most effective for,
for example, treating a particular disease, disorder or condition, or eliminaiing the adverse
effects or reducing the adverse effects such that are acceptable under the circurustances.

Supplementary Agents;

[#00338] Chemotherapeutic Agents: In some embodiments, the supplementary agent is

a chemotherapeutic agent. In some embodiments the supplementary agent 1s a “cocktail” of
multiple chemotherapeutic agents. IN some embodiments the chemotherapeutic agent or

cocktail is admunistered in combination with one or more physical methods {e.g radiation
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therapy ). The term “chemotherapeutic agents™ includes but is not limited to alkviating agents
such as thiotepa and eyclosphosphamude; alkyl sulfonates such as busulfan, improsudfan and
piposulfan; aziridimes such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine, tristhvienemelamine,
trietylengphosphoramide, tristhvienethiophosphaoramide and trimethylolomelamime;
nitrogen mustards such as chiorambucil, chlomaphazine, cholophosphamide, estramustine,
ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimusting, irofosfamide, uracil mustard; nitrosureas such as
carmusting, chlorozotocin, fotemusting, lomusting, nimustine, ranimusiing; antibiotics such as
aclacinomysins, actinomycin, authramycin, azaserine, bleomycins such as bleomycin Az,
cactinomycin, calicheamicin, carabicin, caminomycin, carzinophilin, chromomycins,
dactinomycin, daunorubicin and denvaties such as demethoxy-dasnomyein, 11-
deoxydaunorubicin, 13~deoxydaunorubicin, detorubicin, 6-diazo~3-oxo-L- norleucine,
doxorubicin, epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as
mitomyvein O, Nemethyl mitomyvein O mycophenolic acid, nogalamycin, olivomyvcins,
peplomy cin, potfiromycin, puromycin, guelamycin, rodorubicin, sireptorugnn, sireptozocin,
tubercidin, ubenmimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and 3-
fluorouracil {5-FU); folic acid analogues such as denopterin, methotrexate, pieroptenn,
trimeirexate, dideazatetrabydrofolic acid, and folinic acid; purine analogs such as fludarabine,
t-mercaptopurine, thiamiprine, thioguanine; pyrinudine analogs such as ancitabive,
aracitidine, 6-arauriding, carmotur, cytarabine, dideoxyuridine, doxifluridine, enocitabine,
floxunidine, 5-FU; androgens such as calusterone, dromostanoclone propionate, epitiostanod,
mepitiostane, testolactone; anti-adrenals such as aminogiulethimide, mitotane, trilostane;
tolic acid replenisher such as frolinic acid; aceglatone; aldophospharnide glveoside;
aminolevulinic acid; amsacrine; bestrabucil; santrene; edatraxate; defofamine;
demecolcine; diazigquone; elformithine; elliptintum acetate; etoglucid; gallium nitrate;
hydroxyurea; lentinan; londamine; mitoguazone; mitoxanirone; mopidamol; nitracrine;
pentostatin, phenamet; prarubicing podophylilinic acid; 2-ethythydraride; procarbazine;
raroxane; sizofiran; spirogermanium; fenuazonic acid; triaziquone; 2,2'.2"-
trichlorotriethylamine; urethan; vindesine; dacarbazine, manmomusting; mitobronitol;
mitolactol; pipobroman; gacytosme; arabinoside {Ara-C); cyclophospharnide; thiotepa,;

taxoids, e g, paclitaxel, nab-paciitaxel and doxetaxel; chlorambucil; gemcitabine; 6-
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thioguaning; mercaptopurine; methotrexate; platimum and platinum coordimation complexes
such as cisplatin, oxaplatin and carboplatin, vinblastine, etoposide (VP-~ 16); ifosfamide;
nitomycin C; nitoxanirone; vincristing; vinorelbine; navelbine; novanirone; teniposide;
daunomycin; aminopterin; xeloda; ibandronate; CPT11; topoisomerase inhibiiors;
difteoromethviomithine (DMFQO); retinoic acid; esperamicins; capecitabine; taxanes such as
pachitaxel, docetaxel, cabazutaxel; carmunomycin, adriamycins such as 4'-eptadriamycin, 4-
adriamycin-14-benroate, adriamycin-14-octancate, adniamycin-14-naphthaleneacetate;
cholchicine and pharmaceuticaliy accepiable salts, acids or derivatives of any of the above.

[600339]  The term “chemotherapeutic agents” also includes anti-hormonal agents that
act to regulate or inhibit hormone action on tumors such as anti-estrogens, including for
example tamoxifen, raloxifene, aromatase imhibiting 4(5)-1midazoles, 4-hydroxytamoxifen,
trioxifene, keoxifene, onaprisione, and foremifene; and antiandrogens such as flulamide,
nilutanude, bicalutamide, leuprolide, and goserelin; and pharmaceutically acceptable saits,
acids or denvatives of any of the above.

[660348]  In some embodiments, a supplementary agent isone or more chemical or
biological agents identified 1o the art as useful i the treatroent of neoplastic disease,
meluding, but not limited to, a cyiokines or cyvtokine antagonists such as 1L.-12, INFo, or anti-
epidermal growth factor receptor, irinotecan; tetrahydrofolate antimetabolites such as
pemetrexed; antibodies against tursor antigens, a complex of a monoclonal antibody and
toxin, a T-cell adjuvant, bone marrow transplant, or antigen presenting cells {e. g., dendrnilic
cell therapy), anti- tumor vaccines, replication competent viruses, signal transduction
inhibitors {e.g., Gleevec® or Herceptin®) or an immumomodulator to achieve additive or
svnergistic suppression of fumor growth, non-steroidal anti-inflammatory drugs (NSAIDs),
cyclooxygenase-2 (COX-2) inhibitors, steroids, TNF antagomnists {e.g., Renucade® and
Enbrel®), interferon-f1a {Avonex®), and interferon-B1b (Betaseron®} as well as
combinations of one or more of the foreoing as practied in known chemotherapeatic
{reatment regirens including but not bimited to TAC, FOLFOX, TPC, FEC, ADE, FOLFOX-
6, EPOCH, CHOP, CMF, CVP. BEP, OFF, FLOX, CVD, TC, FOLFIRL, PCV, FOLFOXIRI,
ICE-V, XELOX, and others that are readily appreciated by the skilled clinician in the art.

[660341]  In some embodiments, the hIL2Z mutein is administered in combination with
BRAF/MEK inhibitors, kinase inhibitors such as sumtimb, PARP inhubifors such as olaparib,

EGER inhibitors such as osimertinib {Ahn, ef of (2016} § Thorac Oncol 11:8115), IDO

-~ 120 -~
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inhibitors such as epacadostat, and oncolytic viruses such as talimogene laherparepvec (T-

VEC).

[#00342] Combination with Therapeutic Antibodies

[8606343]  In some embodiments, a “supplementary agent” is a therapeutic aniibody
(including bi~specific and tri-specific antibodies which bind to one or more tumor associated
antigens including but not limited to bispecific T cell engagers (BITEs), dual affinity
retargeting (DPART) constructs, and trispecific killer engager (TrikE) constructs}.

[660344]  In some embodiments, the therapeutic antibody is an antibody that binds to at
least one tumor antigen selected from the group consisting of HER2 {e.g. trastuzumab,
perturumab, ado-trasturumab enttansine), nectin-4 (e.g. enfortumab), CD79 (e g.
polatizumab vedotin}, UTLA4 {e.g. iptlomumab), CD22 (e.g. moxetumomab pasudotox),
CCR4 (e.g. magarouizumab), IL.23p19 (e g tldrakizumab), PDLI (e.g. durvalumab,
avelumab, aterolizumab), 1L17a (e g ixekizumab), CD38 (e g daratumumab), SLAMF7 (e g
eloturamab), D20 (e g rituxamab, tositumomab, ibritumomab and ofatumumab), CD30
{e.g. brentivamab vedotin}, CD33 (e g. gemtuzoamab ozogamicing, CDS2 {e.g. alemtuzumab},
EpCam, CEA, hA33, TAG-72, CATX, PSMA, PSA, folate bindmg protein, GI32 (e.g.
dimuduximab) , GDI3, 116 {e g silutxumab) GM2, Le¥, VEGF (e g bevacizumab), VEGFR,
VEGFRZ {e.g ramucirumab), PDGFRa (e g. olartumumab), EGFR {e.g. cetuximab,
panitumumab and necitumumab), ERBB2 {e ¢. trasturumab}, ERBB3, MET, IGFIR,
FPHA3, TRAIL R1, TRAIL R2, RANKL RAP, tenascin, integrin aV3, and integrin a4l

[980345] Examples of antibody therapeutics which are FDA approved and may be used
as supplementary agents for use in the treatment of neoplastic disease include those provided
in Table 14 below.

Table 14. Approved Antincoplastic Discase Antibodies and Indications

Nasie Tradename(s) Target: format Indication
{fam}-trastozumab . - ,
Enhertu HER2; Homanized [gGl ADC HER2+ breast cancer
denxiecan
Enfortumab vedotin Padcev Nectio-4; Human gG1 ADC Urothelial cancer
Polatozumab vedotin Polivy CD79b; Humanzed 1gG1 ADC Diffuse large B-cell lvmphoma
Cemiplimab Libtayo PD-1; Human mAb Cutancous sgquamons cell carcinoma
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Table 14 Approved Antineoplasiic Disease Antibodies and Indications

Mame Tradename(s) Target, format Indication
M;};(i:g:g:ab Lumoxiti D22 l;i:j:;i}ffnl dsy Hary cell leukemia
Mogamuiznmab Poteligeo {CR4; Homanized 1gGl Cutanecns T cell lvmphoraa

Tildrakizumab Tumya 11.23p19; Humamred [gGl Plague psoriasis
Tbalizumab Trogarzo {D4; Humanized IgG4 HIV mfection
Durvalomab IMFINZY PD-L1; Human IgGl Bladder cancer
Zif;;:::zﬁ BESPONSA CD22; Humanized IgG4, ADC Hematological malignancy
Avehumnab Ravencio PD-L1; Human [gGl Merkel cell carcinoma
Atezolizumab Tecentrig PD-L1; Humanized gGl Bladder cancer
Olaratumab Lartravo PDGRFe;, Haman igGl Soft tissue sarcoma
Ixekizunmab Taliz 1.-17a; Homanized {gG4 Psoriasis
Daratumumab Darzalex CD38; Human {gGl Multiple myelonia
Elotuzumab Empliciti SLAMF7; Humanized [gGl Multiple myelonma
Necitumumab Portrazza EGFR; Human [gG1 Non-small cell lung cancer
Dinutvxamab Unitpxin GD2; Chimeric IgGl Newroblastoma
Nivolurab Opdivo PDL; Herean 1gG4 Melanoma, non-sinall cell lung
cancer
Blatumoraab Blincyto D19, C?;;{I:f:i:;fispeciﬁc Acute lyrphoblastic leukeria
Pembroltzumab Kevtruda PO, Bumanized 1gG4 Melanoma
Rampciramab Cyranwa VEGEFRZ, Human 1gGl Gastric cancer
Siltuximab Sylvant L-6; Chimeric IgGl Castleman discase
Obinntuzumab Gazyva Cng hiﬁgﬁ;fjs L Chronic lyvmphocytic leukenia
Ad(:‘—;?::::imab Kadevia HER2; Humanized 1gG1, ADC Breast cancer
Pertnzoraab Perjeta HER2; Howmanized 1gGl Breast Cancer
Brentuximab vedotin Adcetrig CD30; Chimenc 1gGl, ARC Hodgkin lymiphom, sysiemic

anaplastic large cell lymphoma
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Table 14 Approved Antineoplasiic Disease Antibodies and Indications
Mame Tradename(s) dargat fommat Indication
Iptlimmmab Yervoy CTLA-4; Homan IgGl Metastatic melanoma
Ofatumnuraab Arema CP20; Human 1gGl Chrouic lywphocytic levkemia
Certolizomab pegol Cimzia TNF, Humamized Fab, pegylated Crohn disease
Catumaxonab Removab EPC;Z?;SC?; ;iiz’];muse Mahignant ascites
Panitunmunab Vectibix EGFR; Human [gG2 Colorectal cancer
Bevacwznmab Avastia VEGF; Hursanized 1gGl Colorectal cancer
Cetuximab Erbitux BGFR; Climeric IgGl Colorectal cancer
Tosttumomab-I131 Bexxar CD20; Murine 1gG2a Non-Hodgkin lvmphoma
ibritumomab thaxetan Zevalin CD28; Murine 1gGl Non-Hodgkin lvmphoma
:ﬁ:::i;::if Mylotarg CD33; Humanized IgG4, ADC Acute myeloid leukemia
Trastuzumab Herceptin HERZ; Humanized IgGl Breast cancer
Infliximab Remicade TNF; Chimeric 1gG1 Crohn disease
Rituximab MabThera, Rituxan CD20; Chimeric IgGl Non-Hodgkin lvmphoma
FEdrecolomab Panorex BpCAM, Munue IgGla Colorectal cancer

[860346]  In some embodiments, where the antibody is a bispecific antibody targeting a
first and second tumor antigen such as HER2 and HER3 (abbreviated HER2 x HER3}, FAP <
DR-5 bispecific antibodies, CEA x €D3 bispecific antibodies, CD20 x CD3 bispecific
antibodies, EGFR-EDV-miR16 trispecific antibodies, gp100 x CD3 hispecific antibodies,
Nyv-gso x {D3 bispecific antibodies, EGFR x cMet bispecific antibodies, BCMA x CD3
bispecific antibodies, EGFR-EDV bispecific antibodies, CLECIZA x CD3 bispecific
anttbodies, HERZ x HER3 bispecific antibodies, Lgr5 x EGFR bispecific antibodies, PDI x
CTLA-4 bispecific antibodies, CDB123 x CD3 hispecific antibodies, gpA33 x CD3 bispecific
antibodies, B7-H3 x CD3 bispecific antibodies, LAG-3 x PD1 bispeaific antibodies, DLL4 x
VEGF bispecific antibodies, Cadherin-P x €3 bispecific antibodies, BCMA x CD3
mspecific antibodies, DLL4 x VEGF bispecific antibodies, CD20 x D3 bispecific
antibodies, Ang-2 x VEGF-A bispecific aniibodies,

[660347]  CD20 x CD3 bispecific antibodies, CI¥23 x CD3 bispecific antibodies,
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SSTRZ X CD3 bispectfic antibodies, PD1 x CTLA-4 bispecific antibodies, HERZ x HER2
bispecific antibodies, GPC3 x D3 bispecific antibodies, PSMA x CD3 ispecific antibodies,
LAG-3 x PD-L1 bispecific antibodies, CD38 x €3 bispecific antibodies, HERZ x D3
bispecific antibodies, GD2 x UD3 bispecific antibodies, and CDB33 x CD3 bispecific
antibodies. Such therapeutic antibodies may be further conjugated to one or more
chemotherapeutic agents (e g antibody drug coryugates or ADCs) directly or through a hinker,
especially acid, base or enzymatically labile linkers.

[660348] Combination with Physical Methods: In some embodimenis, a supplementary

agent 1s one or more non-pharmacological modalities {e.g., localized radiation therapy or

&
total body radiation therapy or surgerv). By way of example, the present disciosure
contemplates treatment regimens wherein a radiation phase is preceded or foliowed by
freatment with a treatment regimen comprising an [L2 muttern and one or more
supplementary agents. In some embodiments, the present disclosure further contemplates the
use of an [L2 mutein in combination with surgery (e.g. tumor resection). ki some
embodiments, the present disclosure further contemplates the use of an IL2 mutein in
combination with bone marrow transplantation, peripheral blood stern cell transplantation or
other types of transplantation therapy.

[860349] Combination with Immune Checkpoint Modulators: In some embodimenis, a

“supplementary agent” i1s an immume checkpoint modudator for the treatment and/or
preventiion neoplastic disease in a subject as well as diseases, disorders or conditions
associated with neoplastic disease. The term “immmme checkpoint pathway ™ refers to
biological response that is frniggered by the binding of a first molecule (2.g. a protein such as
PD1} that s expressed on an antigen presenting cell (APC) to asecond molecule (g a
protemn such as PDL1) that is expressed on an immune cell {e.g. a T-cell) which modulates
the immune response, either through stimudation (e g upregulation of T-cell activity) or
inhibition {e.g. downregulation of T-cell activity} of the immune response. The molecules
that are mvolved 1o the formation of the binding pair that modulate the wwoune response are
commonly referred 1o as “immune checkpoints.” The biological responses modulated by such
immune checkpoint pathways are mediated by intraceliular signaling pathways that lead {o
downstream immune effector pathways, such as cell activation, cytokine production, cell
migration, cytotoxic factor secrefion, and antibody production. Imymune checkpoiut pathways

are commonly triggered by the binding of a first cell surface expressed molecule to a second

pedee]



WO 2021/146436 PCT/US2021/013456

cell surface molecule associated with the immune checkpoint pathway {(e.g. binding of P
to PDL1, CTLA4 to CD28, ete.). The activation of immune checkpoint pathways can lead to
stimulation or inhibition of the immurne response.

[B60356]  An immune checkpoint whose activation resulis in inhibition or
downregulation of the immune response is referred to herein as a “negative immune
checkpomnt pathway modulator.” The iohibition of the imomune response resulting from the
activation of a negative immune checkpoint modulator diminishes the ability of the host
immune system to recognize foreign antigen such as a tumor-associated antigen. The term
negative immuine checkpoint pathway includes, but is not Hmited to, biological pathways
moduiated by the binding of PD1 to PDLI, PD to PDL2, and CTLA4 to CRCDBO/RG.
Examples of such negative immune checkpoint antagonists include but are not limited to
antagonists (e.g. aniagonist antibodies) that bind T-cell inhibitory receptors including but not
himated to PD1 (also referred to as CD279), TIM3 (T-cell membrane protein 3; also known as
HAVcrZ), BTLA (B and T lymphocyte attenuator; also known as CD272), the VISTA (B7-
HS5) receptor, LAG3 (ymphocyie activation gene 3; also known as CD233}) and CTLA4
{cytotoxic T-lymphocvte associated antigen 4; also known as CD152),

[6006351]  In one embodiment, an immune checkpoint pathway the activation of which
results in stimulation of the immume response is referred to herein as a “positive immune
checkpoint pathway modalator.” The term positive imamune checkpoint pathway mwodolator
mcludes, but is not imited 1o, biological pathways modulated by the binding of ICOSL to
ICOS(CD278), B7-H6 to NKp30, CD155 to CD96, OX40L to OX40, CD70 to CD27, CD40
to CP40L, and GITRL to GITR. Molecules which agonize positive imumune checkpoints
{such natural or synthetic ligands for a component of the binding pair that stimulates the
innune response) are useful to upregulate the wwnune response. Examples of such positive
immune checkpoint agonists inchude but are not limited to agonist antibodies that bind T-cell
activating receptors such as ICOS (such as JTX- 2011, Jounce Therapeutics), OX40 (such as
MEDIG3R3, Medimumune), CD27 (such as varlilumab, Celldex Therapeutics), CD40 (such as
dacetuzmumab CP-870,893, Roche, Chi Lob 7/4), HVEM, CD2&, CD137 4-18BB, (D226,
and GITR (such as MEDI1873, Medimmune, INCAGNIBT6, Agenus).

[660352]  As used herein, the term “immune checkpoint pathway moduolaior” refers to a
molecule that mhibits or stimulates the activity of an 1mmune checkpoint pathway i a

bislogical system inchiding an immunocompetent mammal. An imumune checkpoint pathway
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modulator may exert its effect by binding to an immune checkpoint protein (such as those
unmnune checkpoint proteins expressed on the surface of an antigen presenting cell {APC)
such as a cancer cell and/or tmmune T effector cell} or may exert its effect on upstream
and/or downstream reactions in the immmune checkpoint pathway. For example, an immune
checkpoint pathway modalator may modulate the activity of SHP2, a tvrosine phosphatase
that 1s mvoelved in PD- 1 and CTLA-4 signaling. The term “itmymume checkpoint pathway
modulators” encompasses both imumune checkpomnt pathway modulator(s} capable of down-
regulating at least partially the function of an intubitory tmmune checkpoint (referred to
heremn as an “imynune checkpoint pathway inhbitor”™ or “immuone checkpoint pathway
antagonist’’) and imumune checkpoint pathway modulator(s} capable of up- regulating at least
partially the function of a stimulatory immune checkpoint (referred to herein as an “immune
checkpoint pathway effector”™ or “immume checkpoint pathway agonist.™).

[800353]  The immune response mediated by immume checkpoint pathways is not
fimited to T-cell mediated tmumune response. For example, the KIR receptors of NK celis
moduiate the immune response 1o tumor cells mediated by NK cells. Tumor cells express a
molecule called HLA-C, which inhibits the KIR receptors of NK cells leading to a dumumition
or the anti-tumor 1mmune response. The admunistration of an agent that antagonizes the
binding of HLA-C 1o the KIR receptor such an anti-KIR3 mab (e g lirilumab, BMS) inhibits
the ability of HLA-C to bind the NK cell inhibitory receptor (KIR} thereby resioring the
ability of NK cells to detect and attack cancer cells. Thus, the immune response mediated by
the binding of HLA-C to the KIR receptor is an example a negative imnume checkpoint
pathway the inhibttion of which results in the activation of a of non-T-cell mediated 1mmune
response.

[000354] 1o one embodirent, the immune checkpoint pathway modulator 1s a negative
immune checkpoint pathway inhibitor/antagonist. In another embodiment, immune
checkpoint pathway mwodalator employed in combination with the TL2 mutein is a positive
imnrine checkpoint pathway agorust. In another embodiment, iromune checkpoint pathway
modulator emploved in combination with the 112 mutein is an immune checkpoint pathway
antagonist.

[000335]  The term “negative umymune checkpoint pathway mhbitor” refers to an
inwnune checkpoint pathway modulator that interferes with the activation of a negative

immune checkpoint pathway resulting in the upregulation or enhancement of the inmunune
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response. Exemplary negative immune checkpoint pathway inhibitors inchade but are not
timited to programmed death-1 {(PD1) pathway mhibitors, programed death higand-1 (PDL1)
pathway inhibitors, TIM3 pathway inhibitors and anti-cvtotoxic T-lvmphocyte antigen 4
(CTLA4) pathway inhibitors.

[8803%6]  In one embodiment, the tmmune checkpoint pathway modulator is an
antagounist of a negative immune checkpoint pathway that inhibits the binding of PD1 to
PDLI and/or PDLZ ("PDI pathway indubitor™). PD1 pathway inhibitors resudt in the
stimulation of a range of favorable immune response such as reversal of T-cell exhaustion,
restoration cyvtoking production, and expansion of antigen-~-dependent T-cells. PDI pathway
mhibitors have heen recognized as effective variety of cancers recetving approval from the
USFDA for the treatment of variety of cancers including melanoma, lung cancer, kidney
cancer, Hodghins lymphoma, head and neck cancer, bladder cancer and urothehial cancer,

[0003%7]  The term PD1 pathway inhibuiors includes monoclonal antibodies that
mterfere with the binding of P to PDL1 and/or PDL2. Andibody PD1 pathway inhibitors
are well known in the art. Examples of commercially available PD pathway inhibitors that
maonaclonal antibodies that interfere with the binding of P to PDLI and/or PDL2 include
nivolumab (Opdivo®, BMS-936558, MDX 1106, commercially available from BristolMyers
Squibb, Princeton NJ), pembrolizumab (Keytruda®MK-3475, lambrolizumab, commercially
available from Merck and Company, Kenilworth NJ}, and atezolizamab (Tecentrig®,
Genentech/Roche, South San Francisco CA). Additional PD1 pathway inhibitors antibodies
are in chinical development including but not limuted to durvalumab (MEDI4736,
Medimmune/AstraZeneca}, pidilizumab (UT-011, CwreTech), PDROOT (Novartis), BMS-
936559 (MDIX1105, BristolMyers Squibb}, and avelumab (MSBOGIO718C, Merck
Serono/Pfizer) and SHR-1210 (Incvie). Additional antibody PD1 pathway inlubitors are
described in United States Patent No. §,217,149 {Genentech, Inc}) issued July 10, 2012;
United States Patent No. 8,168,757 (Merck Sharp and Dohme Corp.) issued May 1, 2012,
Umnited States Patent No. 8,008,449 (Medarex} issued August 36, 2011, United States Patent
Wo. 7,943 743 (Medarex, Inc) issued Mav 17, 2011,

[660388] The term PD1 pathway inhibitors are not limited to antagonist antibedies.
Non-antibody biologic PId pathway inhibiiors are also under clinical development including
AMP-224, a PD- L2 [g(G24a fusion protein, and AMP-514, a PDL2 fusion protein, are under

clinical development by Amplimmune and Glaxo SmithKline. Aptamer compounds are also
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described in the literature usefud as PD1 pathway inhibitors (Wang, ef af. (2018} 145:125-
130

[6006359] The term PP pathway inhibitors includes peptidyl P2 pathway inhibitors
such as those deseribed in Sasthumar, ef o/, United States Patent No. 9,422,339 issued
August 23, 2016, and Sasiblumar, ef o/, United States Patent No. §,907,053 issued December
9, 2014, CA-170 (AUPM-170, Aurigene/Curis) 15 reportedly an orally bioavailable small
molecule targeting the imanune checkpoints PDLT and VISTA. Pottayil Sasikumar, et al.
Oral mmune checkpoint antagonists targeting PD-LI1/VISTA or PD-L1/Tim3 for cancer
therapy. {absiract]. In: Proceedings of the 107th Annual Meeting of the Amencan
Association for Cancer Rasearch; 2016 Apr 16-20; New Orleans, LA, Philadelphia (PA):;
AALCR; Cancer Res 2016.76{14 Suppl). Abstract No.4861. CA-327 {AUPM-327,
Aurigene/Curis) 1s reporiedly an orally available, small molecule that inhibit the imomune
checkpownts, Programmed Death Ligand-1 (PDL1) and T-cell immunoglobulin and mucio
domain containing protein-3 (TIM3).

[660368]  The term PD1 pathway inhibitors includes small molecule PD pathway
inhibuiors. Examples of small molecule PD pathway inhubitors useful in the practice of the
present invention are described i the art including Sastkumar, et af., /, 2. 4-oxadiazole and
thiadiazole compounds as immunomodulators (PCT/IB2016/351266 filed March 7, 2016,
published as WO2016142833A1 Sepiember 15, 2016) and Sasikumar, et al. 3-substituted-
1.2.4-oxadiazole and thiadiazole PCT/AB2016/051343 filed March 9, 2016 and published as
WO2016142886A2), BMS-1166 and Chupak LS and Zheng X. Compounds usefil as
immunomodulators. Bristol-Myers Squibb Co. (2015) WO 2015/034820 Al, EP3041822 Bl
granted August 9, 2017, WO2015034820 Al. and Chupak, et al. Compounds useful as
immumiomodulators. Bristol-Myers Squibb Co. (2013) WO 2015/160641 A2, WO
2015/160641 A2, Chupak, et al. Compounds useful as immunomodulators. Bristol-Myers
Squibb Co. Sharpe, er o/ Modulators of immunoinhibitory receplor PD-1, and methods of
use thereof, WO 2011082400 A2 published July 7, 2011, United States Patent No.7 488,802
{(Wyeth) issued February 10, 2009;

[880361]  In some embodiments, combination of L2 muteins and one or more PD1
ummnane checkpoint modulators are useful in the treatment of neoplastic conditions for which
P31 pathway shibitors have demonstrated chinical effect in human beings either through

FDA approval for treatment of the disease or the demonstration of clinical efficacy in clinical
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trials including but not limited to melanoma, non-small cell lung cancer, small cell fung
cancer, head and neck cancer, renal cell cancer, bladder cancer, ovarian cancer, ulerine
endometrial cancer, uterine cervical cancer, utering sarcoma, gastric cancer, esophageal
cancer, DNA mismaich repair deficient colon cancer, DNA mismatch repair deficient
endometrial cancer, hepatocellular carcinoma, breast cancer, Merkel cell carcinoma, thyroid
cancer, Hodgkins lymphoma, follicular lymphoma, diffuse large B-cell lvmphoma,
mycosisfumgoides, peripheral T-cell lvrophoma. In some embodiments, the combination of
IL2 muteins and an PD1 immune checkpoint modulator s useful i the treatment of tumors
characterized by high levels of expression of PDL1, where the tumor has a tumor mutational
burden, where there are high levels of CD8+ T-cell in the tumor, an immune activation
signature assoctated with TFNy and the lack of metasiatic disease particularly hiver metastasis,

[000362]  In some embodiments, the 11.2 mutein is adovnistered m combmation with an
antagonist of a negative inwmune checkpoint pathway that inhibits the binding of CTLA4 to
CD28 ("CTLA4 pathway wnhibitor™). Examples of CTLA4 pathway mhnbitors are well
known 1o the art (See, e.g., United States Patent No. 6,682,736 {Abgenix) issued January 27,
2004; United States Patent No. 6,984,720 (Medarex, Inc.} 1ssued May 29, 2007, United States
Patent No. 7,605,238 (Medarex, Inc.} issued October 20, 2009}

[806363]  In some embodiments, the 112 mulein 15 administered in combination with an
antagonist of a negative immune checkpoint pathway that inhibits the binding of BTLA to
HVEM ("BTLA pathway imhibitor”). A number of approaches targeting the BTLA/HVEM
pathway using anti-BTL A antibodies and antagonistic HVEM-Ig have been evaluated, and
such approaches have suggesied promising utility in a nurnber of diseases, disorders and
conditions, mcluding transplantation, infection, tumor, and autoimmune disease (See e.g. Wu,
etal, (2012) Int. I Biol Sci. 8:1420-30).

[806364]  In some embodiments, the 112 mulein 15 administered in combination with an
antagonist of a negative immune checkpoint pathway that babits the abiity TIM3 to binding
to TIM3- activating ligands ("TIM3 pathway inhubitor™}. Examples of TIM3 pathway
inhibitors are known in the art and with representative non-hmiting examples described in
PCT Tnternational Patent Publication No. W0 2016/144803 published Septernber 15, 2016;
Lifke, et al. United States Patent Publication No. US 20160257749 A1 published September
8. 2016 {F. Hoffman-LaRoche); Karunsky, United Siates Patent No. 9,631,026 issued April
27, 2017, Karunsky, Sabatos-Peyton, et al. United States Patent No. 8,841,418 issued
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September 23, 2014; United States Patent No. 9,605,070, Takayanagi, et al , United States
Patent No. 8552156 1ssued October §, 2013,

[#00365]  In some embodiments, the IL2 mutein is administered in combination with an
inhibitor of both LAGS3 and PD1 as the blockade of LAGS and PD1 has been suggested (o
synergistically reverse anergy among tumor-specific CD8+ T-cells and viras-specific CD&+
T-cells 1 the setiing of chronic infection. IMP321 (TromwFact) 1s being evaluated im
melanoma, breast cancer, and renal cell carcinoma. See generally Woo er o/, (2012} Cancer
Res 72:917-27; Goldberg er a/.. {2011} Cwrr. Top. Microbiol. Immunol. 344:269-78; Pardoll
{2012} Nature Rev. Cancer 12:252-64; Grosso ef ai, (2007} 1. Chn. Invest. 117:3383-392.

[#00366]  In some embodiments, the IL2 mutein is administered in combination with an
A2aR mhibitor. A2aR inhibits T-cell responses by stimulating CD4+ T-cells towards
developing into Tre, cells. A2aR is particularly important m tumor immunity because the rate
of cell death in tumors from cell tumover is high, and dving cells release adenosine, which is
the ligand for AZaR. In addition, deletion of A2aR has been associated with enhanced and
sometimes pathological inflammatory responses 1o infection. Inhibition of A2aR can be
effected by the admanistration of molecules such as antibodies that block adenosine binding
or by adenosine analogs. Such agents may be used in combination with the 1L2 muteins for
use in the treatment disorders such as cancer and Parkinson’s disease.

6603671  In some embodiments, the IL2 mutein is administered in combination with an
nhibitor of IDO (Indoleamine 2,3-dioxygenase). DO down-regulates the immune response
mediated through oxidation of tryptophan resulting in in inhubition of T-cell activation and
induction of T-cell apoptosis, creating an environment in which tumor-specific cvtotoxic T
lymphocytes are rendered functionally inactive or are no longer able to attack a subject’s
cancer cells. Indoximod (NewLink Genetics) is an DO mhibitor being evaluated in
metastatic breast cancer.

[000368]  As previously described, the present invention provides for a method of
treatroent of neoplastic disease {e.g. cancer) in a manynalian subject by the adnunistration of
a IL2 mutein in combination with an agent{s} that modulate at least one immune checkpoint
pathway including immune checkpoint pathway modulators that modulaie two, three or more
immune checkpoint pathways.

[6080369]  In some embodiments the 1L2 mutein is administered i combination with an

immune checkpoint modulator that is capable of modulating multiple imnmune checkpoint
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pathways. Multiple immune checkpoint pathways may be modulated by the administration
of mult-functional molecules which are capable of acting as modulators of multiple immune
checkpoint pathways. Examples of such multiple immune checkpoint pathway modulators
include but are not limited to bi-specific or pely-specific antibodies. Examples of poly-
specific antibodies capable of acting as modulators or multiple immune checkpoint pathways
are known i the ari. For example, United States Patent Publication No. 2013/0156774
describes bispecific and multispecific agents (e.g , antibodies), and methods of their use, for
targeting cells that co-express PD1 and TIM3. Moreover, dual biockade of BTLA and PDi
has been shown to enhance antitumor ymmuonity (Pardoll, (Apnil 2012) Nature Rev. Cancer
12:252- 64). The present disclosure contemplates the use of hiL2 mwuteins in combination
with imwmane checkpoint pathway modulators that target multiple immune checkpoint
pathways, mcluding but limted o bi-specific antibodies which bind to both PD1 and LAG3,
Thus, antitumor immumnity can be enhanced at multiple levels, and combinatorial strategies
can be generated in view of various mechamistic considerations,

[660378%  In some embodiments, the 112 mutein may be adminisiered in combination
with two, three, four or more checkpomnt pathway modulators. Such cornbinations may be
advantageous in that immume checkpoint pathways may have distinct mechanisms of action,
which provides the opportunity to attack the underlying disease, disorder or conditions from
muldtiple distinct therapeutic angles.

[0600371] It should be noted that therapeutic responses to iromune checkpowmnt pathway
inhibitors often manifest themselves much later than responses to traditional chemotherapies
such as tvrosine kinase inhibitors. In some instance, it can take six months or more after
treatment mitiation with immune checkpoint pathway imhibitors before objective indiciaof a
therapeutic response are observed. Therefore, a deternunation as to whether treaiment with
an inwmme checkpoint pathway inhibitors(s) in combination with a IL2 mutein of the present
disclosure must be made over a time-to~progression that 1s frequently longer than with
conveniional chemotherapies. The desired response can be any result deemed favorable under
the circumstances. In some embodiments, the desired response is prevention of the
progression of the disease, disorder or condition, while in other embodiments the desired
response 18 a regression or stabilization of one or more characteristics of the disease, disorder

or conditions {e.g., reduction in fumor size). In still other embodiments, the desired response
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is reduction or elimination of one or more adverse effects associated with one or more agenis
of the combination,

[60372]  Cell Therapv Agenis and Methods as Supplementary_ Agents:

[866373]  In some embodiments, the methods of the disclosure may include the
combination of the admimstration of an TL2 mwuteins with supplementary agenis in the form
of cell therapies for the treatment of neoplastic, autoimnmune or jnflaramatory diseases.
Examples of cell therapies that are amenable to use m combination with the methods of the
present disclosure include but are not limited to engimeered T cell products comprising one or
more activated CAR-T cells, engineered TCR cells, tumor infiltrating lymphooytes {TILs),
engineered Treg cells. As engineered T-cell products are commonly activated ex vivo prior
1o their adnunistration to the subject and therefore provide upregulated levels of CD25, cell
producis comprising such activated engineered T cells types are amenable to further support
via the adrowustration of an CD235 biased L2 nmuten as described herein

1060374]  CAR-T Cells

[660375]  In some embodiments of the methods of the present disclosure, the
supplernentary agent s a “chimeric antigen receptor T-cell” and “CAR-T cell” are used
interchangeably to refer to a T-cell that has been recombinantly modified to express a
chimeric antigen receptor. As used herein, the terms 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 anuno fo carboxy teronous i the
sequence: {a} an antigen binding domain (ABD}, (b} a transmembrane domain {TH); and ()
one or more cytoplasmuic 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 1s conventionally removed during post-translational
processing and presentation of the CAR on the cell surface of a cell transformed with an
expression vector comprising a mucleic acid sequence encoding the CAR. CARs usefud in the
practice of the present invention are prepared in accordance with principles well known in the
art. Seee.g, Fshhaar et al. United States Patent No. 7,741,465 B1 issued June 22, 2010;
Sadelain, et al (2013} Cancer Discovery 3{41:388-398; Jensen and Riddel (2015} Current
Opinions in Immunology 33:9-15, Gross, et al. {1989 PNAS(LISA) 86(243:10024-10028;
Curran, et al. (2012) J Gene Med 14(6):405-15. Examples of commercially available CAR-T

cell products that may be modified to incorporate an orthogonal receptor of the present
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mvention inciude axicabtagene ciloleucel (marketed as Yescarta® commercially available
from (nlead Pharmaceuticals) and tisagenlecleucel (marketed as Kymriah® commercially
avaiiable from Novartis).

[860376]  As used herein, the term antigen binding domain (ABD) refers (o a
polypeptide that specifically binds to an anfigen expressed on the surface of a target cell. The
ABD roay be any polypeptide that specifically binds to one or more cell surface molecules
{e.g. tumor antigens) expressed on the surface of atarget cell.  In some embodiments, the
ABD 15 a polypeptide that specifically binds to a cell surface molecule associated with a
tumor call is selected from the group consisting of GD2Z, BCMA, CDI9, €33, D38, CDy70,
GD2, IL3Ra2, CDI9, mesothelin, Her?, EpCarn, Mucl, RORY, CD133, CEA, EGRFRVIL,
PSCA, GPC3, Pan-ErbB and FAP. In some embodiments, the ABD is an antibody {as
defined heremabove to include molecules such as one or more VHHs, scFvs, eic ) that
specifically binds to at least one cell surface molecule associated with a tumor cell (1e at
least one tumor antigen} wherein the cell surface molecule assoctated with a tumor cell is
selected from the group consisting of GD2, BCMA, CDi9, CD33, CD38, CD70, GD2,
IL3Ra2, €Y, mesothelin, Her?, EpCam, Mucl, RORY, CD133, CEA, EGRFRVII, PSCA,
GPC3, Pan-ErbB and FAP. Examples of CAR-T cells useful as supplementary agents in the
practice of the methods of the present disclosure include but are not biited to CAR-T cells
expressing CARs comprising an ABD further comprising at least one of: anti-GD2
anttbodies, anti-BOCMA antibodies, anti-CD19 antibodies, anti-CD33 antibodies, anti-CD38
anttbodies, anti-CI¥70 antibodies, anti-GD2 antibodies and IL3RaZ antibodiss, anti-CD19
antibodies, anti-mesothelin antibodies, anti-Her2 antibodies, anti-EpCam antibodies, anti-
Mucl antibodies, anti-ROR1 antibodies, anti-CD133 antibodies, anti-CEA antibodies, anti-
PSMA antibodies, anti-EGRFRVIH antthodiss, anti-PSCA antibodies, anti-GPC3 antibodies,
anti-Pan-ErbB antibodies, anti-FAP antibodies,

{0006377] CARs of CAR-T cells usefud i the practice of the methods of the present
disclosure further comprise a transmembrane domamn joinung the ABD (or hinker, if
emploved, see discussion of linkers below} to the intraceliular cvioplasmic domain of the
{ AR The transmembrang domain is comprised of any polypeptide sequence which is
thermodynamically stable in a eukaryotic cell membrane. The transmembrane spanning
domain may be dertved from the transmembrane domain of a naturally occurring membrane

spanning protein or may be synthetic. In designing synthstic transmembrane domains, amino
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acids favoring alpha-helical structures are preferred. Transmembrang domains useful in
construciion of CARs are comprised of approxamalely 10, 11, 12, 13, 14, 15, 16, 17, 18§, 19,
20, 21,22, 22, 23, or 24 amino acids favoring the formation having an alpha-helical
secondary structure. Amino acids having a to favor alpha-helical conformations are well
known in the art. See, e.g., Pace, ef o/ (1998) Biophysical Jouwrnal 75: 422-427. Amino
acids that are particularly favored in alpha helical conformations include methuionine, alanine,
feucine, glutamate, and lysine. In some embodiments, the CAR transmembrane domain may
be derived from the transmembrane domain from type | membrane spanning proteins, such as
D3, CD4, CDR, CD28, erc.

[6006378] The cytoplasmic domain of the CAR polypeptide comprises one or more
intracellular signal domains. In one embodiment, the intracellular signal domains comprise
the cvioplasmic sequences of the T-cell receptor (TCR) and co-receptors that inifiate signal
fransduction following antigen receplor engagement and functional derivatives and sub-
fragments thereof. A cytoplasmic signaling domain, such as those derived from the T cell
receptor zeta-chain, is emploved as part of the CAR in ovrder to produce stimulatory signals
for T lvmphocyte proliferation and effector funchion following engagement of the chimeric
receptor with the target antigen. Examples of cytoplasmic signaling domains include but are
not limited to the cvioplasmic domain of CD27, the cytoplasmic domain S of CD28, the
cytoplasmic domain of CD137 (also referred to as 4-1BB and TNFRSF9), the evioplasmic
domain of CD278 (also referred to as ICOS), ph 10w, B, or § catalytic subunit of PI3 kinase,
the human CD3 {- chain, cyvtoplasmic domain of CD134 (also referred to as OX40 and
TNFRSF4), FeeRiy and P chains, MBI (Igu} chain, B29 {Igf) chain, etc ), CD3 polypeptides
(&, A and g}, syk family tyrosine kinases (Svk, ZAP 70, eic.}, sre family tyrosine kinases
{Lck, Fyn, Lyn, etc.) and other molecules mvolved m T-cell transduction, such as CD2, CDS
and CD28.

{80637 In some embodiments, the CAR may also provide a co-stimualatory domain
The term “co-stimulatory domam”, refers to a stiimulatory domain, typically an endodomain,
of a CAR that provides a secondary non-specific activation mechanism through which a
primary specific stimudation is propagated. The co-stimulatory domain refers to the portion of
the CAR which enhances the prohiferation, survival or development of memory cells,
Examples of co-stimulation include antigen nonspecific T cell co-stimulation following

antigen specific signaling through the T cell receptor and antigen nonspecific B cell co-

- 134 -



WO 2021/146436 PCT/US2021/013456

stimulation following signaling through the B cell receptor. Co-stimulation, e.g., T cell co-
stimudation, and the factors involved have been described in Chen & Flies (2013) Nat Rev
Immunol 13(4):227-42 In some embodiments of the present disclosure, the CSD comprises
one or more of members of the TNFR superfamuly, CD28, CDI37 {4-1BB), CD134 (0X40),
Dapl0, CB27, Ch2, CDS, ICAM-1, LFA-1 (CD11a/CD18), Lek, TNFRA, TNFRA, Fas,

D30, CDB40 or combinations thereof,

(600388  CARs useful in the practice of the methods of the present disclosure may
optionally inchude one or more polypeptide spacers linking the domains of the CAR, in
particular the hinkage between the ABD to the transmembrane spanning domam of the CAR.
Although not an essential element of the CAR structure, the inclusion of a spacer domain is
generally considered desirable to facilitate antigen recognition by the ARD. Asused mn
conjunction with the CAR-T cell technology described herein, the terms “linker”, “hinker
domain” and “hoker region” refer to a polvpepiide from about 1 1o 100 anuno acids inlength.
Linkers are typically be composed of amino acid residues which pernut flexibility of the
polypeptide (e.g. glycine and serme) so that the adjacent domains of the CAR are provided
greater {reedom of movement relative to one another. Although there is no particularly
defined length or sequence of anmino acids that 1s necessary for the spacer to achieve its
function, but the typical properties of the spacer are flexibility 1o enable freedom of
movement of the ABD to facilitate targeting antigen recognition. Similarly, it has been found
that there 1s there 13 substantial leniency n spacer length while retaining CAR function.
Jensen and Riddell (2014) Immunol. Review 257(1) 127-144. Sequences useful as spacers in
the construction of CARs usefud in the practice of the present invention include but are not
timited to the hinge region of TgGl, the immuonoglobulin i CH2-CH3 region, 1G4 hinge-
CH2-CH3, Tg(G4 hunge-CH3, and the 1gG4 hinge. The hinge and transmembrane domains
may be derived from the same molecule such as the hinge and transmembrane domains of

CD&-alpha. Imai, ef af {2004} Leukemia 18{(4):676-684,

[860381] CARs are often referred to as first, second, third or fourth generation. The
term first-generation CAR refers 1o a CAR wherein the cvtoplasmic dorain transmits the
signal from antigen binding through only a single signaling domain, for example a signaling
domain dertved from the high-affinity receptor for IgE FceR1y or the CD3( chain. The
domain contains one or three innmunoraceptor tyrosine-based activating motif(s) HTAM(s}]

for antigen-dependent T-cell activation. The ITAM-based activating signal endows T-cells
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with the ability to lyse the target tiumor cells and secret cvtokines in response to antigen
binding. Second-generation CARs include a co-stimulatory signal in addition to the CD3 {
signal. Coincidental delivery of the co-stimulatory signal enhances cvtokine secretion and
antitumor activity induced by CAR-transduced T-cells. The co-stimulatory domain is usually
be membrane proximal relative to the CD3( domwain. Third-generation CARs inchide a
fripartite signaling domain, coraprising {or example a CD28, CD3L, OX40 or 4-1B8B
signaling region. In fourth generation, or “armored car” CAR T-cells are further modified to
express or biock molecules and/or receptors 1o enhance immune activity such as the
expression of TL-12, 1L-18, IL-7, and/or [L-1¢0; 4-1BB ligand, CD-40 ligand. Examples of
intracellular signaling domains comprising may be incorporated into the CAR of the present
invention inchude (amino to carboxy):, CD3(; CD28 - 41BB - CD3(, CD28 - OX40 - CD3(;
CD28 —41BB - CD3, 41BB —CD-28 - CD3{ and 41BB - CD3(

[600382]  The term CAR includes CAR vanants including but not himited spiit CARs,
ON-switch CARS, bispecific or tandem CARs, inhubitory CARs (CARS) and induced
pluripotent stem (iPS) CAR-T cells. The term “Split CARs” refers to CARs wherein the
extracellular portion, the ABD and the cytoplasnuce signaling domain of a CAR are present on
two separate molecules. CAR vanants also include ON-switch CARs which are
conditionally activatable CARs, e g., comprising a split CAR wherein conditional hetero-
dimerization of the two portions of the split CAR 15 pharmacologically controlled. CAR
molecules and denivatives thereol (e, CAR variants) are described, e g, in PCT Application
Wos. US2014/016527, US1996/017060, USZ013/063083; Fedorov et al. Soi Transi Med
(2013) 3{215%215ra172; Glienke et al. Front Pharmaco! (2015) 6:21; Kakarla & Gottschalk
532 Cancer J (2014} 20(2):151-5; Riddell et al. Cancer J(2014) 20(2):141-4; Pegram et al.
Cancer J{2014) 2002):127-33; Cheadle et al. fnumuno! Rev (2014) 257(1).91-106; Barrett ot
al. Annw Rev Med {20143 65:333-47; Sadelain et ab. Cancer Discov (2013) 3(41:388-98;
Cartelliers et al., ./ Biomed Biotechnol (2010} 956304, the disclosures of which are
mcorporated herein by reference 1o their entirety. The term “hispecific or tandem CARs”
refers to CARs which include a secondary CAR binding domain that can either amplidy or
inhibit the activity of a primary CAR. The term “inhibitory chimeric antigen receptors™ or
“{CARS” are used mterchangeably herein to refer to a CAR where binding #{CARs use the
dual antigen targeting to shut down the activation of an active CAR through the engagement

of a second suppressive receptor equipped with inhibitory signaling domains of a secondary
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AR binding domain results m inhibition of primary CAR activation. Inhibitory CARs
(1CARs) are designed to regudate CAR-T cells activity through inhibitory receptors signaling
modules activation. This approach combines the activity of two CARs, one of which
generates dominant negative signals limuiting the responses of CAR-T cells activated by the
activating receptor. iCARs can swiich off the response of the counteracting activaior CAR
when bound to a specific antigen expressed ouly by norroal tissues. To this way, 1ICARs-T
cells can distinguish cancer cells from healthy ones, and reversibly block functionalities of
transduced T cells in an antigen-selective fashion. CTLA-4 or PD-1 mtraceliular domains in
1CARs trigger imhbitory signals on T lymphocytes, leading to tess eviokine production, less
efficient target cell fysis, and altered lymphocyte motility. The term “tandem CAR” or
“FanC AR refers 1o CARs which mediate bispecific activation of T calis through the
engagement of two chimeric receptors designed to deliver stimulatory or costimulatory
signals in response 1o an jndependent engagernent of two different turnor associated antigens.

{600383]  Typically, the clhumeric antigen receptor T-cells ({CAR-T cells) are T-cells
which have been recombinantly modified by transduction with an expression vector encoding
a CAR in substantial accordance with the teaching above.

[#00384] In some embodiments, the engineered T cell is allogeneic with respect to the
mdividual that is treated. Grabham et al. (2018} Cell 710} E155. In some embodiments an
allogeneic engineered T cell 1s fully HLA matched. However not all patients have a fully
matched donor and a cellular product suttable for all patierds independent of HLA type
provides an alternative.

[660385] Because the cell product may consist of a subject’s own T-cells, the
population of the cells {0 be administered is to the subject is necessarily variable.
Consequently identifying the optimal conceniration of the Additionally, since the CAR-T cell
agent is variable, the response 1o such agenis can vary and thus involves the ongoing
monitoring and management of therapy related toxicities which are managed with a course of
pharmacologic imunosuppression or B cell depletion prior to the adownistration of the
CAR-T cell treatment. Usually, at least 1x10° cells/kg will be administered, at least [xi¢7
cells/kg, at least Ix10% cells/kg, at least 1x10” cells/kg, at feast 1210 cells/kg, or more,
usually being limited by the number of T cells that are obtained during coliection. The

engineered cells may be infused to the subject in any physiologically acceptable medium by
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any convenient rowte of adminisiration, normally intravascularly, although they may also be
mtroduced by other routes, where the cells may find an appropriate site for growth

1000386] Ifthe T cells used in the practice of the present invention are allogeneic T
cells, such cells may be modified to reduce graft versus host disease. For example, the
engineered cells of the present invention may be TCRap receptor knock-outs achieved by
gene editing techniques. TCRuf s a heterodimer and both alpha and beta chains need to be
present for it 1o be expressad. A single gene codes for the alpha chain {TRAC). whereas there
are 2 genes coding for the beia chain, therefore TRACU loci KO has been deleted for this
purpose. A number of different approaches have been used to accomplish this deletion, e.g.
CRISPR/Cas9; meganuclease; engineered I-Crel homing endonuclease, ete. See, for example,
Evguem et al. (20173 Nature 543:113-117, in which the TRAC coding sequence s replaced
by 3 CAR coding sequence; and Georgiadis et al. {2018} Mol Ther. 26:1215-1227, which
linked CAR expression with TRAC disruption by clustered regularly interspaced short
palindromic repeats (CRISPRYCas? without directly incorporating the CAR into the TRAC
foct. An alternative strategy to prevent GVHD modifies T cells to express an inhibitor of
TCRap signaling, for example using a truncated form of CD3{ as a TCR inhibitory molecule,

[#60387] Chemokine and Cviokine Agenis as Supplementary Agents;

[860388] In some embodiments the 112 mustein is administered in combination with
additional cvtokines inchading but not hmited to 1L-7, IL-12, 1L-15 and IL-18 mcluding
analogs and varniants of each thereof,

[6030389]  Activation-induced Cell Death Intubitors

[60039%  In some embodiments the L2 muiein is admimistered in combination with one
or more supplementary agents that inhibit Activation-Induced Cell Death (AICD). AICD s a
form of programmed cell death resulting from the joteraction of Fas receptors (e.g., Fas,
CD95) with Fas ligands {(e.g., FasL, CD95 higand), helps to maintain peripheral immine
tolerance. The AICD effector cell expresses FasL, and apoptosts is induced in the cell
expressing the Fas receptor. Activation-imnduced cell death is a negative regulator of activated
T lymphocytes resulting from repeated stimulation of their T-cell receptors. Examples of
agents that mhibit AICD that may be used in combination with the 112 muteins described
herein include bui are not himited to cvclosporin A (Shih, er af, {1989} Nature 339:625-626,

TL-16 and analogs (including thll-16, Idziorek, er af, (1998} Cluucal and Experimental
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Immunology 112:84-91), TGFb1 (Genesteir, ef af, (19993 ] Exp Med189(2) 231-239)}, and
vitamin E (Li-Weber, ef o/, (2002} J Clin Investigation 110{5).681-690).

[0006391]  Physical Methods In some embodiments, the supplementary agent is a anti-
neoplastic physical methods including but not limited to radiotherapy, crvotherapy,
hyperthermic therapy, surgery, laser ablation, and proton therapy.

[086392]  Dosage: Dosage, toxicity and therapeutic efficacy of such subject IL2 muteins
or nucleic acids compounds can be determined by standard pharmaceutical procedures in cell
cultures or experimental animals. The data obtained from the cell culture assays and animal
studies can be used in formulating a range of dosage for ugse in humans. The dosage of such
compounds 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 form emploved and the route of adminmistration uiilized. For any compound used in
the method of the mvention, the therapeutically effective dose can be estimated mittally from
cell culture assays. A dose may be formulated m animal models to achieve a circulating
plasma concentration range that includes the IC50 as determined in cell culture. Such
indformation can be used to more accurately determine useful doses i humans. Levels in
plasma may be measured, for example, by high performance liquid chromatography.

{600393]  As defined herein, a therapeutically effective amount of a subject ILZ mutein
(i.e., an effective dosage) depends on the polypeptide selected. For mstance, single dose
amounts in the range of approximately 0.001 1o 0.1 myg/kg of patient body weight can be
administered; in some embodiments, about 0.003, 0.01, 0.05 mg/kg may be adnunistered. In
some embodiments, 600,000 U kg is admimistered (U can be determined by a lymphocyie
proliferation bicassay and is expressed in International Units (U} as established by the World
Health Organization st Intemational Standard for Interleukin-2 (human)).

{6006394]  In some embodiments, the pharmaceutically acceptable forms of the IL2
muteins of the present disclosure are administered o a subject in accordance with a “low-
dose” treatment protocol as described 1o Klatzroan, ef af. United States Patents Nos.
9,669,071 and 10,293,028B2 the entire teachings of which are herem incorporated by
reference. Additional low dose protocols are described in Smith, KA (1993) Blood
§1¢6):1414-1423, He, et al., (2016) Nature Medicine 22(9): 991-993

[000395]  In some embodiments of the invention the present disclosure provides

methods and compositions for the treatment and/or preventiion of neoplastic diseases,
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disorders or conditions in a subject by the administration to the subject a therapeutically
effective amount of an hiL2Z mutein of the present disclosure wherein the serum
concentration of is maintained for a majority (1.e., greater than about 50% of the period of
time, altematively greaier than about 60%, alternatively greater than about 709, alternatively
greater than about 80%, alternatively greater than aboul 90%) of 4 period of time (e.g. al least
24 hours, alternatively at least 48 hours, altemnatively at least 72 hours, alternatively at least
96 hours, alternatively af least 120 hours, alternatively at least 144 hours, alternatively at least
7 days, alternatively at least 10 days, alternatively at least 12 days, altematively at least 14
days, alternatively at least 28 days, aliernatively at least 45 days, altematively at least 60
days, or longer) at a serum concentration at or above the effective concentration of the {12

mutein sufficient {o promote proliferation of CO3-activated primary human T-cells {e.g., ator

PRO PRO

above EC16™0, alternatively at or above EC20™R0, alternatively at or above ECso

PRO PRO)

alternatively at or above EC10™0, at or above ECs0™®, alternatively at or above ECso
with respect to such 1L2 mutein but at a serum concentration at or below of the effective
concentraiion at a senim conceniration of such 1L2 mutein sufficient {o induce activation of

PRO a

T-cells {e.g., at or below EC 160" PRO,

lternatively at or below ECe0™®, alternatively at or below
BCs™0, alternatively at or below EC#™0, at or below ECso™°, alternatively at or below
BC:™9) with respect to such 1L2 mutein.

[886396]  In some embodiments of the invention the present disclosure provides
methods and composttions for the treatment and/or prevention of neoplastic diseases,
disorders or conditions in a subject by the adminisiration to the subject wherein a
therapeutically effective amount of an hiL2 mutein sufficient to maintain a serum
concentration of human said 112 mutein at or above the effective concentration of the IL2
mutein sufficient to promote proliferation of CD3~activated primary huwan T-cells
(>EC1™%) and at or below a serum concentration of such IL2 mutein sufficient to induce
activation of T-cells with respect to such L2 mutein (i .e. below ECo™Y) for more than about
50%, alternatively greater than about 60%, alternatively greater than about 70%,
alternatively greater than about 80%, alternatively greater than about 90%;) of a period of
time of at least 24 hours, aliernatively at least 96 hours, alternativelv at feast 120 hours,
alternatively at least 144 howrs, alternatively at least 7 davs, alternatively at least 10 days,
alternatively at least 12 davs, alternatively at least 14 days, altemnatively at least 28 days,

alternatively at least 45 davs, alternatively at least 60 davs, or longer.
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[860397]  In some embodiments of the invention the present disclosure provides
methods and compositions for the treatment and/or prevention of neoplastic diseases,
disorders or conditions in a subject by the administration to the subject wherein a
therapeutically effective amount of an hiL2 mutein sufficient to maintain a serum
concentration of human said IL2 mutein at or above the effective concentration of the L2
muten sufficient to promote proliferation of CD¥3-activated primary human T-cells
(>E{10™9) and at or below a serum concentration of such IL2 mutein sufficient to induce
activation of T-cells with respect to such IL2 mutein (i.e. below EC0™9) for more than about
50%, alternatively greater than about 60%, alternatively greater than about 70%,
alternatively greater than abowt 80%, altematively greater than about 90%) of a period of
time of at least 24 howrs, alternatively at least 96 howrs, alternatively at ieast 120 hours,
alternatively at least 144 hours, alternatively at least 7 davs, aliermnatively at teast 10 days,
alternatively atleast 12 days, altematively at least 14 days, altemnatively at least 28 days,
alternatively at least 45 days, altematively at least 60 days, or longer wherein the IL2 a hiL.2
polypeptide compnses a set of mutations selected from the group consisting of the following
sets of mutations: L18R, Q22E, and Q126H; LI8R, Q22E, and Q126K L18R, Q22E and
QI26M; LISR, Q22E QI26T;L18R; Q22E; VO1K; V91R; (3126H; LI8R, and Qi26H;
Q22E, and Q126H; L18G, QR22E and Q126H; L18A, Q22F and Q126H; L18M, Q22F and
Q126H; L18F, Q22F and Q126H; L18W, Q22F and Q126H; LISK Q22E and Q126H; L18(Q,
Q22E and Q126H; L18E, (Q22F and 120H; L18S, Q22E and Q126H; L18V, Q22E and
Q126H; L181, Q22F and Q126H: L18Y, Q22F and Q126H: L18H, Q22E and Q126H; LISN,
Q22F and QI26H; 18D, Q22E and Q126H; LI18T, Q22F and Q126H; L18R, Q220 and
Q126H: L18SR, Q22A and Q126H:L18R, Q22L and Q126H:L18R, Q22M and Q126HL18R,
Q22F and QI26HL1SR, Q22W and Q126H:LISR, Q22K and Q126H:LI18R, 0228 and
QI126H;L18R, Q22V and Q126H;L18R, Q221 and Q126H; L18R (Q22Y and Q126H;L14R
Q22H and Q126H;L18R Q22R and Q126H:L18R Q22N and Q126H:L18R Q22D and
Q126H; and L18R Q22T and Q126H.

[600398]  In accordance with another aspect of the present invention, there is provided a
method for stimulating the immune svstem of an animal by administering the 1L2 muteins of
the present disclosure. The method i3 usefud to treat disease states where the host immune
response 15 deficient. In freating a subject, a therapeutically effective dose of compound (ie.,

active ingredient) is administered. A therapeutically effective dose refers to that amount of
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the active ingredient that produces amelioration of svmptoms or a prolongation of survival of
a subject. An effective dose will vary with the charactenstics of the IL2 mutein {o be
administered, the physical characteristics of the subject o be treated, the nature of the disease
or condition, and the hike. A single administration can range from about 56,000 1U/kg to
about 1,000,000 T/kg or more, more typically about 600,000 [U/kg. This may be repeated
several times a day (e.g., 2-3 times per dayv) for several days {(e.g., about 3-5 conseculive
days) and then may 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
admunistrations over a pertod of time {e.2., about 20-30 individual administrations of about
600,000 [U/kg each given over about a 10-20 day period).

[860399] The compositions can be administered one from one or more times per day 1o
one or more times per week; including once every other day. The skilled artisan will
appreciate that certain factors roay influence the dosage and ttoning required to effectively
treat a subject, ncluding but not himited 1o the severity of the disease or disorder, previous
treatments, the general health and/or age of the subject, and other diseases present. Moreover,
treatment of a subject with a therapeutically effective arount of the subject 112 muteins can
include a single treatment or, can include a series of treatments. In one embodiment, the
compositions are administered every 8 hours for five days, followed by a rest pertod of 2 {0
14 days, e.g.. 9 davs, followed by an additional five days of administration every 8 hours. In
another embodiment, the the compositions are adioirustered every other day for a period of at
feast & 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 recognize that the treatment mayv be
extended for the treatment of chromic conditions and the prevent the reoccurrence of
svmptoms of chrome diseases such as autoimmune diseases (e.g. psonasis, IBD, etc)

[800488] The pharmaceutical composiiions can be included in a container, pack, or
dispenser together with instructions for admunistration.

[000401]  While compounds that exhibit toxic side effects may be used, care should be
taken to design a delivery system that targets such compounds to the site of affected tissue m
order to minimize potential damage to uninfected cells and, thereby. reduce side effecis.
Toxicity and therapeutic efficacy of an IL2 mutein can be determined by standard
pharmaceutical procedures in cell culture or experimental arimals. Cell culture assays and

animal studies can be used to determine the LDso (the dose lethal 1o 50% of a population) and
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the ED¥se (the dose therapeutically effective in 50% of a population}. The dose ratic between
toxic and therapeutic effects is the therapeutic index, which can be expressed as the ratio
LCse/ECse. 1L2 muteins that exhibit large therapeutic indices are preferred. The data
obtained from these cell culiure assavs and animal studies can be used in formulating a range
of dosages suniable for use in humans. The dosage of such mutants hes preferably within a
range of curculating concentrations that include the EDso with little or no toxicity. The dosage
may vary within this range depending upon a variety of factors, €. £, the dosage form
employed, the route of administration utilized, the condition of the subject, and the like.

6604821 A therapeutically effective dose can be estimated initially from cell culture
assays by deternuning an ECso. A dose can then be formulated in animal models 1o achieve a
circulating plasma concentration range that includes the ECso as determined in cel culture.
Such information can be used o more accuralely determine usefud doses in humans. Levels in
plasma may be roeasured, for exaraple, by HPLC. The exact formudation, route of
administration and dosage can be chosen by the individual physician in view of the patient's
condition.

{600403]  The attending physician for patients treated with IL2 mutants would know
how and when o terminate, interrupt, or adjust adninistration due to toxicity, organ
dysfunction, and the like. Conversely, the attending physician would also know to adjust
treatment to higher levels if the clinical response were not adequate {precluding toxicity). The
magnitude of an admunistered dose in the manageroent of the disorder of interest will vary
with the severity of the condition to be treated, with the route of adnunistration, and the like.
The severity of the condifion may, for example, be evaluated, in part, by standard prognostic
evaluation methods. Further, the dose and perhaps dose frequency will also vary according to
the age, body weight, and response of the individual patient.

[600404] Kits: The present disclosure also contemplates kits comprising
pharmaceutical compositions IL2 muteins and a pharmaceustical composition thereof. The kits
are generally 1o the form of a physical structure housing various components, as described
helow, and can be ulilized, for example, in practicing the methods described above. A kit
may comprise an IL2 mutein in the form of a pharmaceutical composition suitable for
admunistration to a subject that is ready {or use or in a form or requiring preparation for
example, thawing, reconstitution or dilution prior to adramstration. When the IL2 mutein 18

in a form that needs {0 be reconstituied by a user, the kit mayv also comprise a sterile container
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providing a reconstitution medium comprising buffers, pharmaceuticaliy accepiable
excipients, and the like. A kit of the present disclosure can be designed for conditions
necessary 1o properly maintain the components housed therein (e g, refrigeration or
freezing). A kit may further contain a label or packaging msert including identifving
information for the components therein and instructions for their use. Each component of the
kit can be enclosed within an individual container, and all of the various contamers can be
within a single package. Labels or inserts can include mamfacturer information such as lot
numbers and expiration dates. The label or packaging insert can be, e g., integrated into the
physical structure housing the components, contained separately within the physical structure,
or affixed to a component of the kit (e.g , an ampule, syringe or vial}. Labels or inseris may
be provided in a physical form or a computer readable medium. In some embodiments, the
actual instructions are not present in the kit, but rather the kit provides a means for oblaining
the mnstructions from a remote source, e.g., via an intemet site, including by secure access by
providing a password {or scannable code such as a barcode or QR code on the container of
the IL2 mutein or kit comprising) in compliance with governmental regulations (e g.,
HIPAA) are provided.

[300405] 1t 15 intended that every maximum numerical limitation given throughow this
specification includes every lower numerical limitation, as if such lower numerical
fimitations were expresshy written herein. Every mintmurn munencal limitation given
throughout thas specification will include every higher numerical houtation, as if such higher
numerical limitations were expressly written herein. Every numerical range given throughout
this specification will include every narrower munerical range that falls within such broader
mumerical range, as if such narrower numerical ranges were all expressly wrilten herein,

[880486] No admission 1s made that any reference cited herein constitutes prior art. The
discussion of the references states what their authors assert, and the inventors reserve the
right to challenge the accuracy and pertinence of the cited docurents. It will be clearly
understood that, although a number of information sources, including scientific journal
articles, patent documents, and texthbooks, are referred to herein; this reference does not
constitute an adnussion that any of these documents forms part of the common general
konowledge in the art.

{000407]  The discussion of the general methods given herein is intended for llustrative

purposes only. Gther alternative methods and alternatives wii be apparent io those of skill in
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the art upon review of this disclosure and are to be inchuded within the spirit and purview of
this application.

Examples

(060408  The following examples are provided to describe certain embodiments of the
rovention provided herein and are not to be construed to as limiting.
Example 1: Generation of the human L2 expression vector pcBNAJ Vbhvero(+i-hull.?
{600409]  The human L2 DNA open reading frame ("ORF”) {Genbank NM_000586.3)

was synthesized (Life Technologies GeneArt Service, Carlsbad, CA), and amplified via PCR
using Platinum SuperFi Il DNA polymerase kit (commercially available as catalog
#12361050, ThermoFisher) in substantial accordance with the manufacturer’s protocol, and
asing primers 5° TATAGTCAGCGCCACCCATGTACAGGATGCAACTCCTGTC 37,
which incorporates an Nhel restriction site, and 5
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 punfied using a QTAquick PCR Purification kit
{commercially available as catalog #28106, Qiagen, Germany} according to the
manufacturer’s protocol.

[800418]  The purified PCR fragment and mammaalian expression veclor pcDBNA
3. 1/Hvgro{+) (conmuuercially available as catalog #V87020, ThermoFisher, Carlsbad CA)
were digested with Nhel and Apal (cornmercially available as catalog #R01118 and
#RO114L, New England Biolabs, Ipswich, MA) restriction enzymes. The expression vecior
was further treated with a Quick Dephosphorviation kit {(commercially available as catalog
#MOS08L., New England Biolabs) in substantial accordance with the manufacturer’s protocol.
The PCR fragment was ligated into pcDNA 3. 1/Hygro{+}) using the Rapid DNA Ligation Kit
{commercially available as catalog 411635379001, Sigma Aldrich, $t. Louis, MO} in
substantial accordance with the manufacturer’s protocol, trarsformed into One Shot TOPLO
Chemically Competent E. colt {commercially available as catalog #(404006, Life
Technologies, Carlsbad, CA), plated onto LB Agar plates containing 100ug/mi carbenicithin
{commercially available as catalog #1.1010, Teknova, Hollister, CA), and grown overnight at

37C.
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[660411] The foliowing day individual bactenial colonies were picked and used to start a
3mi bacterial culture in LB Broth (#10855-001, Life Technologies) with 100ag/mi arnpicillin
{commercially available as catalog #A9626, Teknova). The cultures were grown overnight at
37C. The following dav the E. coli were pelleted (6,000rpm, 10 mimutes, tabletop centrifuge
#5424, commercially avalable as catalog Eppendorf, Hauppauge, NY}, and the DNA
expression vector isolated using QI Aprep Spin Miniprep Kit (#27106, Qiagen). The plasmid
DNA was seguence vernified (MCLab, South San Francisco, CA)

Example 2. Generation of the buman 112 REH expression vector pcBNAJ Uhvere{+)-

hull2-REH

[#90412]  An expression vector which introduced three mutations mio the human 112
ORF (L38R, 342F and Q146H; all numbering based on the full length human [L2 ORF
NM 000586.3 numbering, i.e. the hiL2 as expressed including the signal peptide not the 20
amino acid sequence of the mature hiL2 molecule) was assembled n substantial accordance
with the teaching of Example 1 with the following exceptions: The trutial ternplate DNA
used for PCR was synthesized with the L38R (L 18R of the mature protein}, Q42E (Q22E of
the mature protein) and Q146H (Q126H of the mature protein} mutations.
Example 3. Generation of the human 1.2 REM expression vector peBNAZ Vhyora{+)-

hull 2 REM

[B00413]  An expression vector which intreduced three mutations into the human 112
ORF (L38R, Q42E and Q146M; all numbering hased on the full length human [L2 ORF
NM 0005863 numbering} was assembled exactly as described for the human [L2 expression
vector in peDNA3 /Hygro(+), with the following exceptions: The mitial tempiate DNA
used for PCR was synthesized with the L3&R, Q42F and (Q146M mutations.
Example 4. Introduction of mutations er back-muiations into pcBNAZ Vhyero{+)-
hull? and peDBNA3 Vhyvero(+)-hull 2 REH expression vectors

[800414] Al mutations or back-mutations (reverting a mulation in peINAS. Vhygro(+ -
hull 2-REH back to match the wild type human H.2 ORF) were introduced into the
PCINAZ. I/Hygrof+ J-hull.2 ot pcDINAZ. I/Hygroft j-hufl 2-REH expression vectors using a
(nuk Change II Site Directed Mutagenesis Kit (#200524, Agtlent Technologies, Santa Clara,
C A} in substantial accordance with the manufacturer’s protocol. Tables 15 and 16 hists the
mutations generated, the teroplate info which the mutation was infroduced, and the primer

sets used to introduce the mutation. The transformation of the Quik Change PCR reactions
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into E. coli, as well as the isolation and sequence analysis of the plasmid DNA, was

performed using the same protocol as in the generation of the pcDMNASJ /Hyvgro-hull.2

GX}}Y@SSiOH vector.

Table 15, {huk Change Mutagenesis
Full : *Templates
3¢ 47 g
ORE # 38 4 145
17 peBRAS Vhveroltivhnll 2
IL2 REH: pcDNAZ 1/Hygro{+)-hgll2 REH
1.2 REK: pcDNAZ I/Hygro(+)-hull? REK
Maturo IL2 AEH: peDNA3 I/Hywo(-hull2 AEH
Pepﬁde 18 3 126 L2 EEH: QCDNAS\ L"Hy gI‘O('F')-htﬁLZ EEH
i L2 VEH: peDNA3 UHygrott -hail? VEH
112 HEH: peDNAZ VHygrot+-huil2 HEH
112 IEH: peDNAZ U/Hy gra{+-hull2 IEH
1L2 RTH: peDNAZ I/Hyero(+-hull2 RTH
hiL2
Wild
Lype L 0 O Primer Set (37230 Template?
human
L2
Residie
" . IGATGGATTACCTTITGTGAGAGCATCATCTCAACA P
REE R E E TGTTGAGATGATGCTCTCACAAAAGGTAATCCATC IL2 REK
REM R a8 M GGATTACCTTTITGTATGAGCATCATCTCAAC L2 REK
- GTTGAGATGATGCTCATACAAAAGGTAATCC
REY 7 5 v GOATTACCTTTTGTGTGAGCATCATCTCAACAC 112 REK
. : GTGTTGAGATGATGCTCACACAAAAGGTAATCC
REL R a8 { GGATTACCTTTITGTCTGAGCATCATCTCAACAC 1.2 REK
- T GTGTTGAGATGATGCTCAGACAAAAGGTAATCC
REF 7 5 i GGATTACCTTTTGTTTCAGCATCATCTCAACAL L2 REK
. : GTGTTGAGATGATGLTGAAACAAAAGGTAATCC
REN R a8 ~ GGATTACCTTTTGTAACAGCATCATCTCAACAL ILZREK
- ’ GTGTTGAGATGATGCTGTTACAAAAGGTAATCC
RER - 6 R GOATTACCTTTTGTAGGAGCATCATCTCAACAL L2 REK
- ' GTGTTGAGATGATGITCCTACAAAAGGTAATCC
REY R | R |y [COATTACCTITIGTTACAGCATCATCTCAACAC 1L2 REK
GTGTTGAGATGATGCTGTAACAAAAGGTAATCC
AEK A 2} K IGGATTACCTTTITGTAAGAGCATCATCTC 1L2 AEH
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GAGATGATGCTCTTACAAAAGGTAATCC
EEK B 5 % GGATTACCTTTITGTAAGAGCATCATCTC IL2 EEH
' N GAGATGATGCTCTTACAAAAGGTAATCC
VEK v 6 K GGATTACCTTTTGTAAGAGCATCATCTC L2 VEH
f i ™
GAGATGATGUTCTTACAAAAGGTAATCC
HEK m 5 v GGATTACCTTTITGTAAGAGCATCATCTC {£2 HEH
N GAGATGATGCTCTTACAAAAGGTAATCC
K : 6 K GGATTACCTTTITGTAAGAGCATCATCTC IL2 FEH
) - GAGATGATGUTCTTACAAAAGGTAATCC
RTK R T % GGATTACCTTITGTAAGAGCATCATCTC L2 RTH
GAGATGATGCTCTTACAAAAGGTAATCC
dable 16 RIL2 Owthelog Consiructs
Naine Frmer \‘f Bl Templaic
REE GATGGATTACCTTITOGTGAGAGCATCATCTCAACA pExSyn2.0 ~ hiL.2 REK
T TCTTCGAGATGATGUTCTCACAAAAGGTAATCCATC
REM GGATTACCTTTITGTATGAGCATCATCTCAAC pExSyn2.0 - hilL2 REK
} GTTGAGATOATGCTCATACAAAAGGTAATCC
REV GGATTACCTTTTGTGTGAGCATCATUTCAACALC pExSyn2.0 ~ hiL.2 REK
3 GTGTTOAGATGATGCTCACACAAAAGGTAATCC
REL GGATTACCTTTITGTCTGAGCATCATCTCAACALC pExSyn2.0 - hilL2 REK
- GTGTTGAGATGATGUTCAGACAAAAGGTAATCO
REF GGATTACCTTITGTTTCAGCATCATCTCAACALC pExSyn2.0 ~ hiL.2 REK
o GTGTTOGAGATGATOCTGAAACAAAAGGTAATCC
REN GGATTACCTTTTGTAACAGCATCATCTCAACAC pExSyn2.0 - hilL2 REK
3 GTGTTGAGATGATGUTGTTACAAAAGGTAATCC
RER GGATTACCTTITGTAGGAGCATCATCTCAACAC pExSyn2.0 - hil.Z REK
] GTGTTGAGATGATGCTCCTACAAAAGGTAATCC
REY GGATTACCTTTTGTTACAGCATCATCTCAALCALC pExSyn2.0 - hilL2 REK
T GTGTTGAGATGATGCTGTAACAAAAGGTAATCC
REK + GACTTAATCAGCCGTATCAACGTAATA pExSyn2.0 - hil.Z REK
NG8R TATTACGTTGATACGGCTGATTAAGTC
REK + GGACTTAATCAGCGATATCAACGTAAT pExSyn2 O - hILZ REK
NERD ATTACGTTGATATCGCTGATTAAGTCC
REK + GGGACTTAATCAGCGGTATCAACGTAAT pExSyn2.0 - hiL2 REK
NERG ATTACGTTGATACCGCTGATTAAGTCCC
REK + GGACTTAATCAGCATTATCAACGTAAT pExSyn2.0 -~ hiL2 REK
NG3I ATTACGTTGATAATGCTGATTAAGTCC
REK + GCATTTAAGGCTGATTTTAGAGATGATTITG pExSyn2.0 - hilL2 REK
D201 CAAAATCATCTCTAAAATCAGCCTTAAATGO
REK + GAGCATTTAAGGCTGCATTITAGAGATG pExSyn2.0 - hiL.2 REK
D20H CATCTCTAAATGCAGCCTTAAATGCTC
REK + GCATTTAAGGCTGACTTTAGAGATGATTITG pExSyn2.0 -~ hiL2 REK
D20T CAAAATCATCTCTAAAGTCAGCCTTAAATGO
REK + GCATTTAAGGCTGGGTTTAGAGATGA pExSyn2.0 - hilL2 REK
D206 TCATCTCTAAACCCAGCCTTAAATGC
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REK + GCATTTAAGGQGUTGGCTTTAGAGATGATTITG pExSyn2.0 -~ hiL2 REK
D20A CAAAATCATCTCTAAAGCCAGCCTTAAATGC
AEH + CAGCAATATCAACAAGATAGTTCTGGAAC pExSyn2.0 - hil.2 AEH
VOIK GTTCCAGAACTATCTTGTTGATATIGOTG
EEH + CAGCAATATCAACAAGATAGTTCTGGAAC pExSyn2.0 - hiL.2 EEH
YVOTK GTTCCAGAACTATCTIGTTGATATTIGCTG
VEH + CAGCAATATCAACAAGATAGTTICTGGAAC pExSyn2.0 - hil.2 VEH
V31K GTTCCAGAACTATCTTGTTGATATTGCTG
HEH + CAGCAATATCAACAAGATAGTTCTGGAAC pExSyn2.0 - hil.2 HEH
V31K GTTCCAGAACTATCTIGTTGATATTIGCTG
IEH + CAGCAATATCAACAAGATAGTTCTGGAALC pExSyn2.0 - kL2 IEH
/G1K GTTCCAGAACTATCTIGTTGATATTIGCTG
RTH + CAGCAATATCAACAAGATAGTTICTGGAAC pExSyn2.0 - hiL2 RTH
V31K GTTCCAGAACTATCTTGTTGATATTGCTG
REE + CAGCAATATCAACAAGATAGTTCTGGAAC pExSyn2.0 - hilL2 REE
VIK GTTCCAGAACTATCTIGTTGATATTIGCTG
AEK GOATTACCTTTTGTAAGAGCATCATCTC pExSyn2.0 - hil.2 AEH
‘ GAGATGATGCTCTTACAAAAGGTAATCC
FEK GGATTACCTTITGTAAGAGCATCATCTC pExSyn2.0 - hil.2 EEH
GAGATGATGCTCTTACAAAAGGTAATCC
VEK GOATTACCTTTTGTAAGAGCATCATCTC pExSyn2.0 - hil.2 VEH
GAGATGATGUTCTTACAAAAGGTAATCC
HEK GGATTACCTTTTCGTAAGAGCATCATCTC pExSyn2.0 - hIL2 HEH
GAGATGATGCTCTTACAAAAGGTAATCC
IEK GGATTACCTTTTGTAAGAGCATCATCTC pExSyn2.0 - kL2 IEH
GAGATGATGUTCTTACAAAAGGTAATCC
RTK GGATTACCTTTTGTAAGAGCATCATCTC pExSyn2 0 - hIL2 RTH
GAGATGATGCTCTTACAAAAGGTAATCC
NRER GACTTAATCAGCCGTATCAACGTAATA pExSyn2.0 - hil2
TATTACGTTGATACGGCTGATTAAGTC

Example §,

Transient Transfections in HEK293 ¢ells

1000415]

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

1573, ATCC, Manassas, VA). ~1E6 HEK293 cells were plated into each well of 3 6 well

tissue culture plate in 2mi of BMEM (#10569044, Life Technologies) supplemented with

10% Fetal Bovine serum {#SH30071.03, Fisher Scientific, Chicago, 1L}, and grown ovemnight

/

at 37C and 5% €02 The next day the cells were transfected using Lipofectamine 3000

Reagent (#1.3000150, Life Technologies) following the manufacturer’s protocol, using 2.5ug

DNA, Sul 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. Analysis of protein expression
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WO 2021/146436 PCT/US2021/013456

{600416] Protein expression was measwwed by ELISA using the Human 1L2 V-PLEX
ELISA kat (4K 1510Q0QD-4, Mesoscale Biagnostics, Baltimoreg, MD) following the
manufacturer’s protocol {transfected media was diluted 1:4 inttially, then 1.2 senally). The
plate was read on a Maso Quickplex 8120 (Mesoscale Diagnostics) using the manufacture’s
preprogrammed setting for this ELISA ki, The human IL2 standard in the kit was used to
compute an approximate expression level in the conditioned media samples.

6684177 Example 7 Determination of 1E.2 Activity (STATS) On CD25- and CD25+
{ells

[000418]  Following a 2-3 day mncabation, samples of the supernatants from the 2937
cells containing the soluble 1L.2 protein were preparad in accordance with Example 5 above
and added to YT cells (CD25NEG) and YT cells which have been engineered {o
constitutively express CD2S (YTCD23POS) for a period of approximately 20 muinutes. The
level of phospho-STATS (pSTATS) induction was measured by flow evtometry. The resuits
of the fold induction of pSTATS level 15 show in Figure 2 of the accompanying drawings.
Selectivity of the IL2 proteins for CD2S status was calculated as the level of phospho-STATS
elevation on CDZ25+ YT cells (pSTATSYTCP?Y divided by the level of phospho-STATS in
CD25 negative YT cells (pSTATSYT). The resulis of these experiments are provided in
Figure 2 of the attached drawings.

[B00419]  As can be seen from the data presented, the L2 mudeins of the present
disclosure provide for selective induction of pSTATS on CD23 positive cells and retain
sigrificant 1L2 activity.

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

{6004208] A panel of representative hiL-2 muteins was evaluaied for activity in CD4
postiive human T cell clone 3F8 cells. The CD4 positive T cell clone 3F8 was generated by
activation of PBMC of a healthy donor with the EBV transformed B cell line JY in two
successive rounds of Mixed Leukocyte Reactions folowed by single cell cloning by limited
dilution as described (Yssel and Spits (2002) Current Protocols i Immounology 7.19.1 -
7.19.12). The CD4 positive T cell clone 3F8 expresses D23 and D122 and proliferates
and produces [FNy in response to IL-2.

[600421]  3F8 cells were contacted with supernatants from 2937 cells transfected with
hiL-2 muteins as follows: Cells were grown in growth medium consisting of Yssel's medium

{Tscove’s modified Bulbecco’s Medium (ThermoFisher), 0.23% w/v percent human albumin
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(Sigma), 1 percent penicillin/streptomycin {ThermoFisher), 1 percent ITS-X

Insulin, Transterrin, Selenium {Gibeo), 30 mg/L Transferrin (Roche}, 2 mg/L Palmiic Acid
{Sigmaj}, 1 percent LA-OA-Albumin Linoleic Acid, Oleic Acid {Sigma), | percent human
serum (Gemini ) (Yssel et al (1984} § Imumunol Methods 72: 219 - 227) &t 0.2 mullion cellsg
per ml with 50 Gy wradiated JY cells at 0.1 nullion cells per well and 40 Gy wradiated
allogeneic PBMC at 1 million cells per mL. After six days of culture and expansion with
human -2 at 100 pM, cells were washed and seeded info black, clear bottom 96 weli plates
{Costary at 50 thousand cells per well in 75 pl growth medium. Five-fold serial dilutions of
transfected 2937 cell supernatants were made i growth roedium and 75 ul of each dilution
was added to plates of 3F8 cells in duplicate at final titrations ranging from 1:2 10 1:78125.
Plates were transferred to a humdified incubator {ThermoFisher) and incubated at 37 degrees
centigrade, 5 percent carbon dioxide for three davs.

[860422] Plates were removed from the incubator and 40 yl of culture supemnatant was
harvested in to a 96 well flat botiom plate (Costar). Supematants from duplicate wells were
pooled. Cells were lysed by adding 100 ul per well of Celltiterglo (Promega) according to
mamifacturer’s instructions. Cell lvsates were mixed on an orbital shaker (VWR Scientific)
for two minutes at 300 rpm then held at room temperature for 10 minutes. Luminescence for
3F8 cell lvsates were read as counts per second on an Envision 2103 Multilabel Plate Reader
{Perkin Eimer),

[660423]  Production of IFNy in the culture supernatanis was measured using the MSD
IFNy V-Plex kit (MSD K1510Q0D) according io manufacturer’s instructions. Brielly, mAb
precoated MSD IFNy assav plates were washed 3 times with 150 yb Tris Wash Buffer and
TFNy standards were diluted i Diluent 2. Culture supernatants were diuted 111 with Diduent
2 and 50 pl of samples and standards were added to the IFNy assay plates and incubated for
120 min on an orbital shaker (VWR Scientific) at 300 rpm at room temperature. Plates were
washed 3 times with Tris Wash Buffer and 25 gl 1 x detection antibody in Diluent 3 was
added to each well. Plates were incubaied for 60 nun on an orbital shaker (VWR Scientific)
at 300 rpm at room temperature. Plates were washed 3 times with Tris Wash Buffer and 150
ul 2x Read Buffer T was added to each well and Luminescence signal was read on a
Mesoscale Quickplex 8Q120 instrument. Concentration of IFNy mn the supernatanis were

calculated based on the standard curve with MSD software.
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[660424] To compare the effect of each hilL-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 conirol cells treated with growth medium
alone, wild-type IL-2 transfection, or supernatant from human REK IL-2 transtection. The
data from these experiments is presenied 1n Table § and Figure 4. These data demonstrate
correlation between activity of the hiL-2 muteins to induce proliferation and IFNy

production.
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informal Sequence Listing
seq e
i ’{)I\ amme o1 AA Sequence
NG Descriphion
Wild Type APTSSSTKKTOLOLEHLLLDLOMILNGINNYKNPEKLTRMLTFKF
1 Human IL2 YMPKKATELKHLOQCLEEELKPLEEVLNLAQSKNFHLRPRDLISN
INVIVLELKGSETTFMCEY ADETATIVEFLNRWITFCOSHSTLT
Matare hCD25 | ELCDDDPPEIPHATFKAMAYRKEGTMUNCECKRGFRRIKSGSLY
MLCTGNASHSSWDNQCOQUTSSATRNTTKQVTPOPEEQRERKTT
, EMOQSPMOPVDQASLPGHCREPPPWENEATERIYHFVVGOMVY

YOCVQGYRALHRGPAESVCKMTHGKTRWTOPOQLICTGEMETS
QFPGEEKPOASPEGRPESETSCLVTTTDFGIOTEMAATMETSIFT
TEYOQVAVAGCVFLLISVLLLSGLTWOQRRQRKSRRTI

ol

mature hCD122

AVNGTSQFTCFYNSRANISCYVWSODGALQDTSCOVHAWPDRR
RWKNQTCELLPYSQASWACNLILGAPDSQKLTTVDIVTERVLCRE
GVRWRVMAIQDFKPFENLRLMAPIRLOQVVHVETHRONISWEISQ
ASHYFERHLEFEARTLSPGHTWEEAPLLTLKQROQEWICLETLTP
DTOYEFQVRVKPLOGEFTTWSPWSOPLAFRTKPAALGKDTIPW
LGHLLVGLSGAFGFHLVYLLINCRNTGPWLKKVLKCNTPDPSKF
FSQLESEHGGDVOQKWLSSPEPSSSESPGOLAPEISPLEVLERDKY
TOLLLOODKVPEPASLSSNHSETSCFINQGYFFFHLPDALEIEAC
QVYFTYDPYSEEDPDEGVAGAPTGSSPOPLOPLSGEDDAYCTEP
SRDDELLFSPSLLGGPSPPSTAPGGSGAGEERMPPSLOQERVPRD
WDPOPLGPPTPGYVPDLVDFOPPPELVLREAGEEVPDAGPREGVS
FPWSRPPGOQGEFRALNARLPLNTDAYLSLOELQGQODPTHLY

ECD of
h{CDi22

AVNGTSQFTCEYNSRANISCVWSODGALOQDTSCOVHAWPDRR
RWKQTCELLPVSOQASWACNLILGAPDSOKLTTIVDIVILRVLCRE
GVRWRVMAIQDFKPFENLRLMAPISLOVVHVETHRONISWEISQ
ASHYFERHLEFEARTLSPGHTWEEAPLLTLKQKOQEWICLETLTP
DTOQYEFQVRVKPLOQGEFTTWSPWSOQPLAFRTKPAALGKDT

e

the mature
RCI3132 peotein

LNTTILTPNGNEDTTADFFLTTMETDSLSVSTLRFLPEVOCEVENY
EYMNCTWNSSSEPOPTNLTLHYWYKNSDNDEVOKCSHYLFSE

EITSGCOLOKKEIHLYQTFVVOLODPREPRRQATOMLKLONLVI
PWAPENLTLHKLSESQLELNWNNRFLNHCLEHLVQYRTDWDH

SWTEQSVDYRHKFSLPSVDGOKRY TFRVRSRFNPLUGSAQHWS
EWSHPIHWGSNTSKENPFLFALEAVVISVGSMGLUSLLOVYFWL
ERTMPRIPTLENLEDLVTEYHONFSAWSGVSKGLAESLOQPDYSE
RLCLVSEIPPKGGALGEGPGASPCNQHSPY WAPPCYTLKPET

Albumin
binding peptide

ICLPRWGCLW

=iy

Des Alal REH
(STK-008)

PTSSSTKKTOQLOLEHERLDLEMILNGINNYKNPKETRMELTFEFY
MPKKATELKHLOQCLEEELKPLEEVLNLAQSKNFHLRPRDLISNI
NVIVLELEGSETTFMCEYADETATIVEFLNRWITFCHSIESTLT

Des Alal REK
(8TK-01D)

PERSSTRKTQLOLEHLRLDLEMILNGINNYRKNPKLTRMLUTFKE
YMPREATELKHLOCLEEELKPLEEVLNLAQSKNFHERPRDLIS
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WNINVIVLELKGSETTFMCEY ADETATIVEFLNRWITFCKSISTLT
(SEQ ID NO:8)

STK-O14 PTSSSTSSSTAEAQOONNOOOO000OHL EQLRMDLEELLSRMEN

YRNLKLPRMLTFEFYLPEQATELKDLQCLEDELGPLRHVLDLT
OSKSFOLEDAENFISNIRVTVVKLKGSDNTFECOFDDESATVVD
FLRRWIAFCHSHSTSPQ

oo




WO 2021/146436 PCT/US2021/013456

Claims;

We claimy;

1. A method of treating a subject suffering from a neoplastic disease, disorder or
condition by the administration to said subject of polypeptide that is at least 95% homologous
1o & polypeptide of the formula: 1

(AAD A AA - AAS - (AAD)d-{ AAS ) AAG Y- AAT Je-{ AAB Y-
{(AADYR-T10-Q11-L12-Q13-L14-E15-H16-L17-(AA I 8)-L19-D20-
L21-(AA22)-M23-124-L25-N26-G27-128-N29-N30-Y31-K32-N33-
P34-(AA35}-L3I6-T3T-{AAIRAAIN-LAO-T41-F42-K43-F44-
Y45-MA6-P4T-K48-K49-A50-T51-E52-L53-K54-( AASS)-L36-
Q37-C58-L59-E60-E61-B62-L63-K64-P65-L66-E6T-E68-( AAGI)-
L70-N71-L72-A73-(AAT4)-$75-K76-N77-F78-H79-( AASO- 1
(AAR1-PRZ-RB3-DR4-(AARSI{AASE)-SE7-NES-(AARD)-NIO-
(AAST {AAD2)-VI3-LO4-E95-LO6-{AA97)-G98-899-E100-T101-
T102-F103-(AA104)-C 105-E106-Y 107-A108-{ AAT09}-E110-
THI1-AL2-(AAT13)-1114-V115-E116-F117-L118-N119-R120-
W121-1122-T123-F124-{AA125)-(AA126)-S127-1128-11 29~
—{AA130)-T131-L132-T133 —

whergin:
¢ eachofa b ¢ d e f g b andiis mdividually selected from 0 or 1;
e AAT s A (wild type, a=1) or deleted (a=0);
s AA21s P (wild type, b=1} ot deleted (b=0});
e AA3 BT (wildtvpe, =10, C, A, G, Q, E,N, D, R K, P, or deleted {(c=0);
s AAdi1s S (wild type, d=1} or deleted (d=0});
s AAS1s S (wild type, e=1} or deleted (e=0};
e AAGIs S (wildiype, =1 or deleted (£=0);
e AATis T (wild type, g=1) or deleted (g=0};
e AARIs K (wild type, h=1} or deleted (h=0};
¢ AAY91s K (wild type, 1=1) or deleted (=0},
e AAIBBL{wildtype)or R LGMFEFEH WK QS VLY. H Do T,
s AA22isQ(wildtype) or B E G A LM F W K S. VLY, L R N, D. T, or
E:
e AA351s K (wildivpe) or E;
e AA3RIs R {wild tvpe), Wor (3,
e AA39 s M (wildtype), L or V,
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&

2.

mutations:

~
2,

mutations:

AASS is H {wildtypelor Y;
AAG6D sV (wildivpe) or A;
AATd 15 Q{wild tvpe), PN H, §;
AAB0 s L {wild type), For V;
AART s R {(wildtype), L Dor T
AASS s L{wildypeyor V;
AARG s T {wild type} or V;
AASY s I {wildtypeyor V',
AA9Z s 1 (wild type} or F;
AA9T is K {wild type) or {3:
AATO4 15 M (wild type) or A

PCT/US2021/013456

AATD9 13 Iy (wildtvpe), C or a non~-natural amino acid with an activated side

chain;
AATTI3 15 T (wild type) or N
AALZS 15 C{wild type), Aor §;

AAIZ6E s Q{wildiypgor H MK, C D E, G LR S, or T: and

AAI30 s S (wildtype), T, Gor R,

The method of Claim 1 wherein the polypeptide comprises the following

s AA1¥is selected from the group consisting of L (wild typeyor R, L, G, M, F,

EHWEKQSV.LY.HDoT.

e AAZ2 i3 selected from the group consisting of Q (wild type)or FL E, G, A L,

MFEW. KS VLY HRNDT o, and

e AA126 is selected from the group consisting of @ (wildtypeyor H M, K, C,

DE G LR 5 orT.

The method of Claim 1 wherein the polypeptide comprises the following

a=(;

e AA1Bis selected from the group consisiing of L {wild type) or R, L, G, ML F,

EHWKQS VLY, LDoT,

¢ AA221s selected from the group consisting of Q (wild type)or FLE, G, A, L,

MF WK S VLYHRNDT oF; and
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e AA126 is selected from the group consisting of @ (wildtypeor H, M, K, €,
D.EGLR S orT

4, The method of claira 1 wherein the polvpeptide conprises a set of mutations
selected from the following sets of mutations: L18R, (22E, and Q126H; L18R, Q22F, and
OQ126K: L18R, Q22F and QG126M: L18R, Q22F Q126T:L18R; Q22F: VOI1K: VIIR;
Q126H; L18R, and Q126H; Q22E, and Q1261 LI18G, Q22E and Q126H: L18A, Q22F and
G126H: L18M, Q22E and Q126H: L18F, Q22E and Q126H: L18W. Q22E and Q126H;
LISK.Q22F and Q126H; L180Q, QO22F and OG126H:; L18E, Q22F and Q126H: L18S, Q22E
and Q126H; L18V, Q22F and Qi26H; L181 Q22F and Q126 L18Y, Q22E and Q126H,
Li8H, Q22E and Q126H; L18N, Q22F and QI26H; L18D, Q22F and Qi26H; LI8T, Q22E
and Q126H: L18R, 022G and Q126H: L1SR. Q224 and Q126H:L18R. Q22L and
Q126H;L18R, Q22M and Q126H;L18R, Q22F and Q126H;LI18R, (322W and Q126H.LI8R,
Q22K and Q126H.LISR, Q225 and Q126HLL18R, Q22V and QIZ6HLLI18R, Q221 and
126H; LISR Q22Y and Q126H;L18R Q22H and Qi26H;L18R Q22K and Q126H:L18R
Q22N and Q126H:L18R Q22D and Q126H; and L18R Q22T and Q126H.

3. The polvpeptide of any one of claims 1-4 which 1s PEGylated.

6. The polvpeptide of claim 4 wherein the PEG component of such PEGylated

polypeptide has a molecular weight of from about 10kT3 to about 70kD,
7. The polvpeptide of claim 6 wherein the PEG component of such PEGylated

polypeptide has a molecular weight of from about 40kD.

8. The polypeptide of any one or claims 1-4 wherein the polypeptide is a fusion
protein.

9, The polvpeptide of Claim & wherein the fusion protein comprises an Fe
doroain,

10 A nueleic acid encoding a polypeptide of any one of claims 1-4 and -9,

i1 The nucleic acid of claim 10 wherein the nucleic acid is DNA.

12, A recombinant expression vector comprising the mucleic acid of Claim 10 or
it

i3 The vector of claim 12 wherein said vector is a viral vector.

14. The vector of claim 12 wherein said vector is a non-viral vector.

15 A host cell transformed with a vecior of any one of claims 13-14,
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16. A pharmaceuiical formulation comprising a polvpeptide of any one of claims
1-9, the nucleic acids of clatms 10 or 11 or a vector of claims 12-14,

17. A method of treating a mammalian subject suttfering from neoplastic disease
disorder of condition comprising the adminsiration of a therapeutically effective amount of
pharmaceutical formudation of Claim 16,

18 The method of claim 17 wheremn said method further comprises the
administration of a supplementary agent to said subject.

19. The method of claim 18 wherein said supplementary agent is selected from the

group consisting of chemotherapeutic agents, antibodies, immune checkpoint modulaiors,
TiLs, CAR-T cells, and physical methods.

20. The method of claim 19 wherein the supplementary agent is an tnunune
checkpoint modulator.

21, The method of claim 19 wherein the immune checkpoint roodulator 15 an anti-
PD3-1 or anti-PI3-L 1 antibody.

22, The method of claim 19 wherein the supplementary agent is an antibody
selecte from the group consisting of [fami-trastuzumab deraxtecan, enfortumab vedotin,
polatuzumab vedotin, cemiplimab, moxetumomab pasudotox, mogamuizumab,
tildrakizumab,ibalizumab, durvalumab, mctuzumab, ozogamicin, avelumab, aterolizumab,
olaratumab, ixekizumab, argtumuomab, eloluaumab, nectiumumab, dinutuwamab, nivolumab,
blinatumomab, pembrolizumab, ramucirumab, siltuximab, obinutuzamab, ado-trastuzumab
emtansine, perturumab, brentuximab vedotin, iptliroumab, ofatunmumab, certolizumab pegol,
catumaxomab, panitumumab, bevacizumab, cetuximab, tositumomab-1131, ibritumomab
thuxetan, gemtozumab, ozogamicin, trastuzumab, infliximab, rituximab, and edrecolomab.

23 The method of any one of claims 122 wherein the neoplastic disease disorder
or condition is selected from the group consisting of. adenomas, fibromas, hemangiomas,
hyperplasia, atvpia, metaplasia, dyvsplasia, carcinomas, leukermas, breast cancers, sarcomas,
leukenuas, lymphomas, genitowrinary cancers, ovanan cancers, urethral cancers, bladder
cancers, prostate cancers, gastrointestinal cancers, colon cancers, esophageal cancers,
stomach cancers, lung cancers, myelomas, pancreatic cancers; liver cancers; kKidney cancers;

gliomas, neuroblastomas, astrocytomas, myelodvsplastic

endocrine cancers; skin cancers;
disorders; cervical carcinoma-in-situ; intestinal polyposes; oral leukoplakias; histiocyioses,
hyperprofroliferative scars including keloid scars, respiratory system carcinomas,

gasirointestingl system carcinomas, genitourinary system carcinomas, testicular carcinomas,
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breast carcinomas, prostafic carcinomas, endocring sysiem carcinomas, melanomas,
adenocarcinomas, myveloproliferative neoplasms, myveloid and lvmphoid disorders with
ensinophiiia, myeloproliferative/myelodysplastic neoplasms, myelodysplastic syndromes,
acute myeloid feukemia and related precursor neoplasms, and acute leukemia of ambiguous
hineage, promyeloid leukemia (APML), acute myelogenous leukernua (AML) and chronic
mvelogenous leukenua (CML), precursor lvrophoid neoplasms, roature B-cell neoplasms,
mature T-cell neoplasms, Hodgkin's Lymphoma, and immumnodeficiency-associated
lymphoproliferative disorders, lymphoblastic leukemia (ALL) which inclhudes B-lineage ALL
and T-hineage ALL, chronic lymphocytic leakemia (CLL), prolymphoeytic leukemua (PLL),
hairy cell leukemia (HLL) and Waldenstrom's macroglobulinenua (WM. ervthroblastic
leukemia and acute megakaryoblastic feukemia, malignant lvmphomas including, but are not
himied to, non-Hodghins lvmphoma and varnants thereof, peripheral T cell lymphomas, adult
T-cell leukemua/lvmphoma {ATL), cutaneous T cell lvimphoma (CTCL), large granular
fymphocytic leukemia (LGF), Hodgkin's disease and Reed-Stemberg disease.

24 The method of any one of claims 1-23 comprising administering to said
subject a therapeutically effective amount of an hIL2 mutein of safficient to mamntain a
serurn concentration greater than about 50% of s period of timne of at least 24 hours at or
above the effective concentration of the IL2 mutein sufficient to promote proliferation of
{D3-activated primary human T-cells at or below a serum concentration of such L2 mutein

sufficient to induce activation of T-cells with respect 1o such L2 mutem.



