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(57) ABSTRACT

Various methods and compositions are provided which can
be employed to modulate the immune system. Compositions
include a fusion protein comprising: (a) a first polypeptide
comprising Interleukin-2 (IL-2) or a functional variant or
fragment thereof; and (b) a second polypeptide, fused 1n
frame to the first polypeptide, wherein the second polypep-
tide comprises an extracellular domain of Interleukin-2
Receptor alpha (IL-2R o) or a functional variant or fragment
thereof, and wherein the fusion protein has IL-2 activity.
Various methods are provided for modulating the immune
response 1n a subject comprising administering to a subject
in need thereol a therapeutically effective amount of the
IL-2/1IL-2Ra. fusion protein disclosed herein.

Specification includes a Sequence Listing.
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Construct Deduced protein Sequence
iL-2 MY SMQLASCVILTLVLLNSAPTSSSTSSSTARAQQOQCQOQOQQOHLEQL.LMDLOELLS
iL-2-{G4S5)4-{L-2Ryy  MDSMQLASCVTLTLVLLWNSAPTSSSTSSSTAEAQQQQ-QQCOQCOELEQLLMDLQELLS |
IL-2-{G4S5)5-L-2R0y MDSMQLASCVTLTLVLLWNSAPTSSSTSSSTAERAQRQO- QOUOQCQHLEQLLMDLOELLS
IL-2-{G3S5}4-{L-2Rr  MDSMOLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQQO- QQQOQQQHLEQLLMDLQELLS
IL-2-{G35)3-iL-2Re  MDSMOLASCVTILTLVLLVNSAPTSSSTSSSTAEAQOQD- QOQQOCOHLEQLLMDLQELLS
2RO 0000 e e e e e e e o e e
fL-2 RMENYRNLKLPRMITFKFYLPKQATELKDLOCLEDELGPLRHVIDLTOSKSFOLEDAENF '
{L-2-{G4S}4-IL-2Rc RMENYRNLKLPRMITFKFYLPKOATELKDLOCLEDELGPLRHVLDLTQSKSFOLEDAENF
(L-2-{G4S)5-IL-2Rtr  RMENYRNLKLPRMLTFKFYLPKQATELKDLOCLEDELGPLRHVLDLTQSKSFOLEDAENF
IL-2-{G35}4-IL-2Rex RMENYRNLKLPRMLTFKFVLPKQATELKDLQCLEDELGPLRHVLDLTOSKSFQLEDAENF
IL-2-{G35)3-IL-2Rex  RMENYRNLKLPRMLTFKFVYLPKQATELKDLQCLEDELGPLRHVLDLTOSKSFQLEDAENF |
{0 --
fL-2 ISNIRVIVVKLKGSDNTFECOFDDESATVVDFLRRWIAFCQOSIISTSPQ -~ =~ == = m = -
(L-2-{G4S)}4-tL-2R0x  ISNIRVIVVKLKGSDNTFECQFDDESATVVDFLRRWIAFCQSI ISTSPQGGCGSGEGEES
{L-2-{G4S)5-IL-2Ra ISNIRVIVVKLXGSDNTFECQFDDESATVVDFLRRWIAFCQSI ISTSPQGGGGSGEGEESG
iL-2-{G35}4- _-ZR(x ISNIRVTVVKLKGSDNTFECQFDDESATVVDFLRRWIAFCQSI ISTSPQGGESGEGS- -~
IL-2-{G3S)3-lL-2Rex  ISNIRVIVVKLKGSDNTFECQFDDESATVVDFLRRWIAFCQSI ISTSPQGGGSGG- - - -~
-2 R¢x e e e
iL-2 e
IL-2-{G4S)4-1L-2R0. - - - -GGGGSGEECELCLYDPPEVENATFKALS YKNGTT LNCECKRGFRRLKELVYMRCL,
IL-2-{G4S)5-IL-2Ra GEGSGREESEECEELCLYDPPEVENATFKALSYKNGTI LNCECKRGFRRLKELVYMRCL _
IL-2-{G3S}4-{L-2Re, -~ - -~ -GGGSGEGSELCLYDPPEVEPNATFKALSYKNGTI LNCECKRGFRRLKELVYMRCL
IL-2-{G3S)3-iL-2Ry, -~ -~~~ -GSGEGSELCLYDPPEVENATFKALSYKNGTI LNCECKRGFRRLKELVYMRCL
H-2Ro0 e e e -~ - ELCLYDPPEVPNATFKALSYKNGTI LNCECKRGFRRLKELVYMRCL:
e e e e e

-2-{GAS}-IL-2Ree  GNSWSSNCQCTSNSHDKSRKQVTAQLEHQKEQQTTTDMOKPTQSMHOENLTGH(REPPPW
| -2-{GA4S)5-1L-2R00  GNSWSSNCQCTSNSHDKSRKQVTAQLEHQKEQQTTTDMOKPTQSMEQENLTCGHCREPPPW
(G35}
)

't
)
t

} )
(A
N
=

2RO GNSWSSNCQOTSNSHKSRKOVTAQLEHOKEQQTTTDMOQEPTQSMHOENLTGHCREPPBW
{L-2-{G3S)3-IL-2Rt GNSWSSNCQCTSNSEDKSRKQVTAQLEHQKEQQTTTDMOKPTQSMHOENLTGHCREPEPW
tL-2R0 GNSWSSNCQUTSNSHDKSRKCVTAQLEHOREQQTTTOMOKPTOSMHCENL TGHCREPPEW
{L-2 = o o e e e e
iL-2-{GAS)4-IL-2Rer KHEDSKRIYHFVEGQSVHYECI PGYKALORGPAIS ICKMKCGKTGWTQPOLTCVDEREHH
iL-2-{G4S5)5-IL- 2Ry KHEDSKRIYEFVEGQSVHYECI PGYKALQRGPAISICKMKCGKTGWTQPQLTCVDEREHHE
IL-2-(G35}4-{L-2R0y KHEDSKRIYHEFVEGQSVHYECIPGYKALQRGPAISICKMKCGKTGWTQPQLTCVDEREHH
IL-2-{G3S5)3-{L-2R0t  KHEDSKRIYHEFVEGQSVHYECIPGYKALQRGPAISICKMKCGKTGWTQPQLTCVDEREHH
IL-2R¢x KHEDSKRIYRFVEGQSVHYECT PGYKALQRGPAISICKMKCGKTGWTQPQLTCVDEREHH
-2 e e e
IL-2-{G4S)4-1L-2R¢x  RFLASEESQOGSRNSSPESETSCPITTTDFPOPTETTAMTETFVLTMEY KGGHHEHHHHE
IL-2-{G45}5-{L-2Ry  RFLASERSQGSRNSSPESETSCPITTIDFPOPTETTAMIETFVLTMEYKGGHHEHHHH
IL-2-{G35}4-{L-2Ry  RFLASERSQGSRNSSPESETSCPITTIDFPOPTETTAMIETFVLTMEYKGGHHEHHHH
IL-2-{G3S5)3-{L-2R0¢ RFLASEESCGSRNSSPESETSCPITTIDFPOPTETTAMIETFVLTMEYKGGHEHHHEH
tL-2R0 RFLASEESCGESRNSSPESETSCPITTIDFPOPTETTAMTETFVLTMEYK ~ = ~ = = =~ - -

FIG. 2A
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INTERLEUKIN-2/INTERLEUKIN-2
RECEPTOR ALPHA FUSION PROTEINS AND
METHODS OF USE

STATEMENT OF FEDERAL FUNDING

[0001] This invention was made with government support

under grant number RO1 DKO093866, awarded by the
National Institute of Health (NIH), National Institute of
Diabetes and Digestive and Kidney Diseases (NIDDK). The

government has certain rights in the invention.

FIELD OF THE INVENTION

[0002] The presently disclosed subject matter generally
relates to methods and compositions for modulating the
immune response employing an Interleukin-2/Interleukin-2
Receptor alpha fusion protein.

REFERENCE TO A SEQUENCE LISTING
SUBMITTED AS A TEX'T FILE VIA EFS-WEB

[0003] The oflicial copy of the sequence listing 1s submiut-
ted concurrently with the specification as a text file via
EFS-Web, 1n compliance with the American Standard Code
for Information Interchange (ASCII), with a file name of
464173seqlist.txt, a creation date of Jul. 30, 2015 and a size
of 139 KB. The sequence listing filed via EFS-Web 1s part
ol the specification and 1s hereby incorporated 1n its entirety
by reference herein.

BACKGROUND OF THE INVENTION

[0004] Interleukin-2 (IL-2)1s a biologic that has been used

in attempts to boost immune responses 1 cancer and HIV/
AID patients. More recently lower doses of 1L-2 have been
used to selectively boost tolerance to suppress unwanted
immune responses associated with autoimmune-like attack
of self tissues. Importantly, these low doses of IL-2 have not
shown any signs ol enhancing or re-activation of autoreac-
tive T cells. Nevertheless, 1L.-2 has important drawbacks as
a therapeutic, including a very short-half life 1n vivo, which
limits 1ts efhicacy, and toxicity at high doses. For these
reasons new IL-2 biologics are needed having improved
pharmacokinetics and durability of responses for use.

SUMMARY OF THE INVENTION

[0005] Various methods and compositions are provided
which can be employed to modulate the immune system.
Compositions mclude a fusion protein comprising: (a) a {irst
polypeptide comprising Interleukin-2 (IL-2) or a functional
variant or fragment thereof; and (b) a second polypeptide,
fused 1n frame to the first polypeptide, wherein the second
polypeptide comprises an extracellular domain of Inter-
leukin-2 Receptor alpha (IL-2Ra.) or a functional variant or
fragment thereof, and wherein the fusion protein has IL-2
activity.

[0006] Various methods are provided for decreasing the
Immune response 1n a subject comprising administering to a
subject 1n need of a decrease 1n the immune response a
therapeutically effective amount of the IL-2/IL-2Ra. fusion
protein disclosed herein.

[0007] Further prewdec, are methods for increasing the
Immune response 1n a subject comprising administering to a
subject 1n need of an increase in the immune response a
therapeutically effective amount of the IL-2/IL-2Ra. fusion
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protein disclosed herein. Further provided are methods for
increasing 1 regulatory cell activity.

[0008] Additional methods including enhancing the
immunogenicity ol a vaccine or overcoming a suppressed
immune response to a vaccine in a subject, comprising: (a)
administering to the subject a therapeutically eflective
amount of the IL-2/IL-2Ra fusion protein disclosed herein;
and, (b) administering to the subject a vaccine, wherein the
fusion protein enhances the immunogenicity of the vaccine
or overcomes the suppressed immune response to the vac-
cine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 provides a schematic of an IL-2/IL-2Ra
fusion protein, where L=leader peptide, LK=linker region,
G=glycine, H=histidine, and T=termination codon.

[0010] FIG. 2A and FIG. 2B provide the deduced protein
sequences of non-limiting examples of 1L-2/1L-2Ra. fusion
proteins. FIG. 2A provides the deduced protein sequences of
non-limiting examples of mouse 1L-2/IL-2Ra. fusion pro-
teins. The sequences of mouse IL-2 and IL-2Ra are shown
above and below, respectively, of the fusion proteins. The
sequence denoted as IL-2 1s set forth in SEQ ID NO: 3; the
sequence denoted as IL-2-(G4S5)4-IL-2Ra 1s set ferth 1n
SEQ ID NO: 54; the sequence denoted as 1L-2-(G4S)5-11-
2R 1s set forth 1n SEQ ID NO:55; the sequence denoted as
IL-2-(G3S)4-1L-2Ra 15 set forth in SEQ ID NO:56; the
sequence denoted as IL (G3S)3-IL-2Ra. 15 set forth in SEQ
ID NO: 57; and the extracellular domain of IL-2Ra 1s set
forth in SEQ ID NO: 10. FIG. 2B provides the deduced
protein sequences of non-limiting examples of human IL-2/
IL-2Ra fusion proteins. The sequences of human IL-2 and
IL-2Ra are shown above and below, respectively, of the
fusion proteins. The sequence denoted as IL-2 1s set forth 1n
SEQ ID NO: 1; the sequence denoted as IL-2-(G3S)2-1L-
2R 1s set forth in SEQ ID NO: 38; the sequence denoted as
IL-2-(G35)3-IL-2Ra. 1s set forth in SEQ ID NO:39; the
sequence denoted as IL-2-(G3S)4-IL-2Ra 1s set ferth 1n
SEQ ID NO:60; the sequence denoted as IL-2-(G4S)4-11-
2Ra 1s set forth in SEQ ID NO: 61; and the extracellular
domain of IL-2Ra 1s set forth 1n SEQ ID NO: 7.

[0011] FIG. 3 shows the bioactivity of IL-2/IL-2Ra fusion
proteins. COS-7 cells were transtected with the IL-2/IL-2R .
fusion cDNAs with the indicated linkers. Supernatants from
these cells were cultured with anti-CD3 activated T cell
blasts to assess 1L-2 activity. (A) Proliferative responses by
the T blasts after dilutions of the indicated fusion proteins.
(B) Effect of anti-IL-2 on proliferation stimulated by a 1:2
dilution of the culture supernatant containing the indicated
fusion proteins.

[0012] FIG. 4 shows the activity of purified IL-2/IL-2Ra
fusion proteins. Supernatants of transtected CHO cells were
used to purily IL-2/(G,S),/IL-2Ra and IL-2/(Gly,Ser),/IL-
2Ra by Nickel-based aflinity chromatography to the 6x-His
tag. (A) IL-2 bioactivity measure by proliferation of anti-
CD3 T cell blast to the indicated purified fusion protein. (B)
The eflect of each purified fusion protein to inhibit the
binding of PC61 and 7D4 anti-IL-2Rc. monoclonal antibod-
ies, directed to non-ligand binding site, to anti-CD3 acti-
vated T cell blasts.

[0013] FIG. 5 shows that a monoclonal anti-IL-2Ra anti-
body that 1s directed to the IL-2 binding site of IL-2Ra
cannot bind to the IL-2/IL-2Ra fusion protein. Purified

fusion proteins with variable linkers, as indicated, were first
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incubated with the 3C7 anti-IL-2Ro. monoclonal antibody,
directed to the ligand binding site of IL-2Ra. or the 7D4
monoclonal antibody, directed to a non-ligand binding site
of IL-2Ra. The capacity of 3C7 or 7D4 to then bind to cell
surface IL-2Ra. was assessed using IL-2Ra-transtected E1LL4
cells.

[0014] FIG. 6 shows the biochemical properties of purified
IL-2/IL-2Ra. (A) Purified IL-2/IL-2Ro was subjected to
SDS-PAGE under reducing and non-reducing conditions;
IL-2/IL-2Ra. was visualized by Western blot analysis by
probing with an antibody directed to 6x-His tag of the fusion
protein. (B) The mndicated amount of purified IL-2/(Gly;Ser)
+/IL-2Ra. was subjected to SDS-PAGE under reducing con-
ditions followed by Coomassie Blue staining.

[0015] FIG. 7 shows the effect of IL-2/IL-2Ra. fusion
protein on IL-2-dependent signal transduction 1n vivo.
C57BL/6 mice received a single injection 1.p. of 1L-2/(G5S)
4/ IL-2Ra. (4000 units of IL-2 activity) and pSTATS levels 1n
the indicated spleen cell populations were 1mmediately
assess. pSTATS levels were determined 0.5 hr after injection
of the IL-2/IL-2Ra fusion protein. For CD4™ T cells, the

cells were gated to excluded Foxp3™ Treg cells

[0016] FIG. 8 shows the effect of IL-2/IL-2Ra. fusion
protein on Tregs cells 1n vivo. NOD mice were injected 1.p.
3 times (day 1, 3, 5) with the indicated amount of IL-2
activity associated with I11.-2/(G,S),/IL-2Ra. The effect on
Tregs was assessed for the spleen, pancreatic lymph nodes
(PLN) and pancreas 24 hr after the last injection. Evaluated
were the proportion of Tregs in CD4™ T cells; the mean
fluorescent tensity (MFI) for CD25 expression by Tregs
alter normalization to CD25 expression by Tregs from
control treated mice; the proliferative status of Tregs as
assessed by expression of the proliferative marker Ki67; and
the % of Tregs that expressed Klrgl, which marks an
IL-2-dependent terminally differentiated subpopulation.

[0017] FIG. 9 shows the comparison of IL-2/IL-2Ra

fusion protein and recombinant IL-2 to induce changes 1n
Treg cells 1n vivo. C57BL/6 mice were 1njected 1.p. 3 times
(day 1, 3, 35) with IL-2/(G5S),/IL-2Rc. (2000 Units), recom-
binant human IL-2 (25,000 Units) or preformed complexes
of anti-1L-2 (Jes-6.1; 5 ug) and mouse IL-2 (10,000 Unaits)
(IL2/1C). The eflect on Tregs was assessed for the spleen 24,
72 hr and 1 week after the last injection. Treg were evaluated
as described 1 FIG. 8.

[0018] FIG. 10 shows Limited application of low-dose
IL-2 delays diabetes in NOD mice. NOD mice (8 mice/
group) recerved IL-2/IL-2Ra, soluble IL-2Ra, or PBS
according to the schedule i (A). Unine and blood glucose
levels were monitored until mice reached 40 weeks of age.
Mice were considered diabetic after 2 consecutive readings
of glucose levels >250 mg/dl.

[0019] FIG. 11 demonstrates high-dose I1L-2/IL-2Ra
enhances the development of CD8" T cell memory.
C57BL/6 mice received congenic class I-restricted ovalbu-
min (OVA)-specific OT-1 T cell receptor transgenic T cells.
These mice were immunized and treated with a single
application of IL-2/(G;S),/IL-2Ra. fusion protein, 1L2/IC
containing 15,000 units of IL-2, or recombinant IL-2 (25,
000 Units). At the indicated times, the relative proportion of
OT-1 T cells within the total CD8* T cell compartment 1n
peripheral blood was assessed.

[0020] FIG. 12 shows the type of persistent OT-1 memory
cells supported by high-dose IL-2/IL-2Ra. fusion protein:
(A) Gating strategy to 1dentily effector-memory (EM) and
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central memory (CM) cells. (B) Distribution of OT-1
memory cells 28 and 202 day post immunization for mice

that also recerved 1L-2/IL-2Ra. (12,000 units).

[0021] FIG. 13 shows characterization of human IL-2/IL-

2Ro. fusion proteins contaiming glycine/serine linkers of
variable length, as shown. (A) IL-2-bioactivity of purified
human IL-2//IL-2Ra. using the CTLL bioassay. (B) Western
blot analysis of human IL-2/IL-2Ra fusion proteins after
SDS-PAGE under reducing conditions.

[0022] FIG. 14 shows human IL-2/IL-2Ra fusion protein
bind monoclonal anti-IL-2Ro antibodies. Purified fusion
proteins with the indicated linkers were first incubated with
the BC96 anti-IL-2Ra monoclonal antibody, directed to the
ligand binding region of human IL-2Ra or the M-A257
monoclonal antibody, directed to a non-ligand binding
region of human IL-2Ra. The capacity of BC96 or M-A257
to then bind to cell surface IL-2Ro was assessed using

IL.-2Ra.-transtected CHO cells.

[0023] FIG. 15 shows IL-2 interacts with the IL-2 binding
site of IL-2Ra. 1n the context of human IL-2/IL-2Ra fusion
proteins. IL-2-bioactivity of the indicated fusion proteins
with varniable glycine/serine linkers was assessed using
CTLL cells. Mut refers to fusion proteins where IL-2Ra
contained Arg”>—Thr, Arg”°—Ser mutations. Western blot
analysis confirmed similar amounts of all fusion proteins
(not shown).

DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0024] The present inventions now will be described more
tully hereinafter with reference to the accompanying draw-
ings, 1n which some, but not all embodiments of the inven-
tion are shown. Indeed, these mventions may be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisty
applicable legal requirements. Like numbers refer to like
clements throughout.

[0025] Many modifications and other embodiments of the
inventions set forth herein will come to mind to one skilled
in the art to which these inventions pertain having the benefit
of the teachings presented in the foregoing descriptions and
the associated drawings. Therefore, 1t 1s to be understood
that the inventions are not to be limited to the specific
embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of
the appended claims. Although specific terms are employed
herein, they are used 1n a generic and descriptive sense only
and not for purposes of limitation.

I. Overview

[0026] Current technology relies on the use of recombi-
nant Interleukin-2 (IL-2), which has poor pharmacological
properties, especially a short hali-life that limaits its useful-
ness. Provided herein are Interleukin-2/Interleukin-2 recep-
tor alpha (IL-2/1L-2Ra.) fusion proteins have intrinsic prop-
erties that separate them from recombinant I1L-2 and other

IL-2 fusion proteins. First, the size of the IL-2/IL-2Ra
fusion protein will increase 1ts hali-life in vivo. Second, the
weak interaction between IL-2 and IL-2Ra (one subunit of
the IL-2R) 1n the context of the IL-2/IL-2Ra fusion protein
provides another mechanism to prolong the availability of
the IL-2. While not being limited to the specific mechanism



US 2023/0079120 Al

of action, the prolonged availability of the IL-2 activity
might occur through a competitive interaction between the
IL-2 moiety with IL-2Ra of the IL-2/IL-2Ra fusion and
with cells that express the 1L-2R.

II. Interleukin-2/Interleukin-2 Receptor Alpha Fusion
Proteins and Polynucleotides Encoding the Same

[0027] A fusion protein 1s provided which comprises a first
polypeptide comprising interleukin-2 (IL-2) or a functional
variant or fragment thereof fused in frame to a second
polypeptide comprising or consisting of the extracellular
domain of the Interleukin-2 Receptor Alpha (IL-2Ra) poly-
peptide or a functional variant or fragment thereof.

[0028] As used herein, “fusion protein” refers to the in
frame genetic linkage of at least two heterologous polypep-
tides. Upon transcription/translation, a single protein 1s
made. In this way, multiple proteins, or fragments thereof
can be incorporated into a single polypeptide. “Operably
linked” 1s intended to mean a functional linkage between
two or more elements. For example, an operable linkage
between two polypeptides fuses both polypeptides together
in frame to produce a single polypeptide fusion protein. In
a particular aspect, the fusion protein further comprises a
third polypeptide which, as discussed 1n further detail below,
can comprise a linker sequence.

[0029] The IL-2/IL-2Ra fusion protein or the active vari-
ant or fragment thereof can have one or more the following
properties/activities: (1) increasing activity of regulatory T
cells (Tregs) and/or increasing immune tolerance in low
dose IL-2 based therapies; (2) increasing immune response
and memory in higher dose therapies; (3) increasing IL-2
availability when compared to recombinant IL.-2; and/or (4)
increasing persistent I1L-2 stimulation of IL-2R bearing
lymphocytes in vivo. Such activity and methods of assaying
are disclosed in further detail elsewhere herein. See, for
example, Example 1 provided herein.

[0030] In one non-limiting embodiment, an increased
activity of Tregs that results from the IL-2/IL-2Ra fusion
protein or the active variant or fragment thereof can be
assayed 1n a variety of ways including, for example, (1) an
increased representation and number of Tregs in the CD4* T
cell compartment; (2) upregulation of IL-2-dependent
CD235; (3) increased proliferation as assessed by expression
of the proliferative marker Ki67; and (4) an increased
fraction of IL-2-dependent terminally differentiated Klrgl™
Treg subset. Such eflects on Tregs can be seen 1n, for
example, 1n the spleen and the inflamed pancreas.

[0031] In one non-limiting embodiment, the IL-2/1L-2Ra.
fusion protein or the active variant or fragment thereof
increases tolerogenic and immune suppressive Tregs and
immunity through increasing T eflector/memory responses
and, 1n further embodiments, 1t exhibits improved pharma-
cokinetics by delivering such responses at (1) lower eflec-
tive levels of IL-2 activity compared to native or recombi-
nant 1L-2; (2) displays more persistent biological responses
than native or recombinant IL-2; and/or (3) retains the
hierarchy with Tregs responsive at lower level doses that T
ellector/memory cells.

[0032] In specific embodiments, the fusion protein has an
improved activity over the native or recombinant IL-2. For
example, the eflect of the IL-2/IL-2Ra fusion protein can

increase tolerogenic Tregs at about 2 fold, 5 fold, 10 fold, 20
fold, 30 fold, 40 fold, 50 fold, 60 fold, 70 fold, 80 fold, 90

told, 100 told 1350 fold, 200 fold or lower level 1L-2 activity
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in comparison to native or recombinant IL-2. In other
embodiments, the IL-2/IL-2Ra fusion protein 1s more ellec-
tive than native or recombinant IL-2 1n inducing persistent
augmentation of Tregs and related properties.

[0033] Various IL-2 and IL-2Ra fragments and variants
from a variety of organism can be used to generate the
IL-2/1L-2Ra. extracellular domain fusion proteins provided
herein. Such components are discussed in further detailed
clsewhere herein. Examples of non-limiting unprocessed
IL-2/IL-2Ra. extracellular domain fusion proteins are set
forth in SEQ ID NO: 17, 19, 21, 23, 25, 27, 29, 36, 38, 44,
46, 34, 53, 56, 58, 59, 60, 61, 62, and 64, while non-limiting
examples of mature forms of the IL-2/IL-Ra extracellular
domain fusion proteins are set forth in SEQ ID NOS: 16, 18,
20, 22,24,26,37,39, 43,45, and 57. Non-limiting examples
ol polynucleotides encoding such fusion proteins are set
forth in SEQ ID NO:29, 30, 31, 32, 33, 34, 42, 47, 48, 49,
63, and 65.

[0034] The term “‘secretory signal sequence” denotes a
polynucleotide sequence that encodes a polypeptide (a
“secretory peptide”) that, as a component of a larger poly-
peptide, directs the larger polypeptide through a secretory
pathway of the cell 1n which 1t 1s synthesized. The larger
polypeptide 1s commonly cleaved to remove the secretory
peptide during the transit through the secretory pathway. As
used herein, a “mature” form of a fusion protein or poly-
peptide comprises the processed form of the polypeptide that
has had the secretory peptide removed. As used herein, the
“unprocessed” form of the fusion protein retains the secre-
tory peptide sequence.

[0035] Biologically active fragments and varniants of the
mature and unprocessed form of the IL-2/IL-Ra. extracel-
lular domain fusion proteins, and the polynucleotide encod-
ing the same, are also provided. Such a functional polypep-
tide fragment can comprise at least 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15,16, 17, 18, 19, 20, 30, 40, 50, 75, 100, 150, 200,
250, 300, 350, 400, 450, 500 or more continuous amino
acids of any one of SEQ ID NO: 16, 17, 18, 19, 20, 21, 22,
23, 24, 25,26, 27,36, 37,38,39, 43, 44, 45, 46, 54, 55, 36,
57, 58, 59, 60, 61, 62, or 64. Alternatively, a functional
polypeptide variant can comprise at least 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence 1dentity to the sequence set forth in SEQ ID NO:
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 36, 377, 38, 39,
43, 44, 45, 46, 54, 55, 56, 57, 38, 59, 60, 61, 62, or 64.

[0036] Active variants and fragments ol polynucleotides
encoding the IL-2/IL-Ra extracellular domain fusion pro-

teins are further provided. Such polynucleotide can com-
prise at least 100, 200, 300, 400, 500, 600, 700, 800, 1000,

1100, 1200, 1300, 1500, 1800, 2000 continuous nucleotides
of SEQ ID NO: 29, 30, 31, 32, 33, 34,42,47, 48, 49, 63 or
65 or the polynucleotide encoding the polypeptides set forth
in SEQ ID NO: 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
36, 37, 38,39, 43, 44, 45, 46, 54, 55, 36, 57, 58, 59, 60, 61,
62, or 64 and continue to encode a functional IL-2/IL-Ra
extracellular domain fusion protein. Alternatively, a func-
tional polynucleotide can comprise at least 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence 1dentity to the sequence set forth 1n SEQ ID NO:
29, 30, 31, 32, 33, 34, 42, 47, 48, 49, 63 or 65 or the
polynuclotide encoding the polypeptides set forth in SEQ 1D
NO: 16,17, 18,19, 20, 21, 22, 23, 24, 25, 26, 277, 36, 37, 38,
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39, 43, 44, 45, 46, 54, 55, 56, 57, 58, 59, 60, 61, 62, or 64
and continue to encode a functional IL-2/1L.-Ra extracellu-
lar domain fusion proteins.

[0037] It 1s further recognized that the components of the
IL-2/IL-2Ra. fusion protein can be found any order. In one
embodiment, the IL-2 polypeptide 1s at the N-terminus and
the extracellular domain of IL-2Ra 1s at the C-terminus of
the fusion protein.

[0038]

[0039] As used herein, “Interleukin-2”" or “IL-2" refers to
any native or recombinant IL-2 from any vertebrate source,
including mammals such as primates (e.g. humans) and
rodents (e.g. mice and rats), and domesticated or agricultural
mammals unless otherwise indicated. The term encompasses
unprocessed IL-2, as well as, any form of IL-2 that results
from processing 1n the cell (1.e, the mature form of IL-2).
The term also encompasses naturally occurring varants and
fragments of IL-2, e.g. splice variants or allelic variants, and
non-naturally occurring variants. The amino acid sequence
of an exemplary mature form of human IL-2 (having the 20
amino acid signal sequence) 1s shown m SEQ ID NO: 2.
Unprocessed human IL-2 additionally comprises an N-ter-
minal 20 amino acid signal peptide (SEQ ID NO: 1), which
1s absent in the mature IL-2 molecule. The amino acid
sequence of an exemplary mature form of mouse IL-2
(having the 20 amino acid signal sequence) 1s shown 1n SEQ)
ID NO: 4. Unprocessed mouse 1L-2 additionally comprises
an N-terminal 20 amino acid signal peptide (SEQ ID NO: 3),
which 1s absent 1n the mature IL-2 molecule. See also FIG.
2A and FIG. 2B. By a “native 1L-27, also termed “wild-type

IL-2”, 1s meant a naturally occurring or recombinant IL-2.

[0040] Additional nucleic acid and amino acid sequences
for IL-2 are known. See, for example, GenBank Accession
Nos: Q7IFM2 (Aotus lemurinus (Gray-bellied night mon-
key)), Q7IFMS (Aotus nancymaae (Ma’s night monkey));
P05016 (Bos taurus (Bovine)), Q29416 (Canis familiaris
(Dog) (Canis lupus familiaris)), P36835 (Capra hircus
(Goat)); and, P37997 (Equus caballus (Horse)).

[0041] Biologically active fragments and variants of 1L-2
are also provided. Such IL-2 active variants or fragments
will retain IL-2 activity. The phrase “biological activity of
IL-2” refers to one or more of the biological activities of
IL-2, including but not limited to, the ability to stimulate
IL-2 receptor bearing lymphocytes. Such activity can be
measured both 1n vitro and 1n vivo. IL-2 1s a global regulator
of immune activity and the eflects seen here are the sum of
such activities. For example, 1t 1s regulates survival activity
(Bcl-2), induces T eflector activity (IFN-gamma, Granzyme
B, and Perforin), and promotes T regulatory activity
(FoxP3). See, for example, Malek et al. (2010) Immunity
33(2):153-65, herein 1incorporated by reference 1n 1ts
entirety.

[0042] Biologically active vanants of IL-2 are known.
See, lor example, US Application Publications

200602693515 and 20060160187 and WO 99/60128, each of
which 1s herein incorporated by reference.

[0043] Biologically active fragments and variants of 1L-2
can be employed in the fusion proteins disclosed herein.
Such a functional fragment can comprise at least 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 75, 100, 125, 150
or more continuous amino acids of SEQ 1D NO: 1, 2, 3, or
4. Alternatively, a functional variant can comprise at least

715%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%.,

1. Interleukin-2
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7%, 98%, or 99% sequence i1dentity to the sequence set
forth 1n SEQ ID NO: 1, 2, 3, or 4.

[0044] Active variants and fragments of polynucleotides
encoding the IL-2 proteins are further provided. Such poly-
nucleotide can comprise at least 100, 200, 300, 400, 500,
600, 700 continuous nucleotides of polypeptide encoding
SEQ ID NO: 1, 2, 3, or 4, and continue to encode a protein
having IL.-2 activity. Alternatively, a functional polynucle-
otide can comprise at least 75%, 80%, 85%, 90%, 91%.,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence
identity to the polypeptide encoding the amino sequence set

forth in SEQ ID NO: 1, 2, 3, or 4 and continue to encode a
functional IL-2 polypeptide.

[0045] 11. Interleukin-2 Receptor Alpha

[0046] The term “CD25” or “IL-2 receptor o or “IL-
2Ra” as used herein, refers to any native or recombinant
IL-2Ra. from any vertebrate source, including mammals
such as primates (e.g. humans) and rodents (e.g., mice and
rats) and domesticated or agricultural mammals unless oth-
erwise 1ndicated. The term also encompasses naturally
occurring variants of IL-2Ra, e.g. splice varnants or allelic
variants, or non-naturally occurring variants. Human IL-2
exerts 1ts biological eflects via signaling through its receptor
system, IL-2R. IL-2 and 1ts receptor (IL-2R) are required for
T-cell proliferation and other fundamental functions which
are crucial of the immune response. IL-2R consists of 3
noncovalently linked type I transmembrane proteins which
are the alpha (p53), beta (p75), and gamma (p65) chains. The
human IL-2R alpha chain contains an extracellular domain
of 219 amino acids, a transmembrane domain of 19 amino
acids, and an intracellular domain of 13 amino acids. The
secreted extracellular domain of IL-2R alpha (IL-2R-a) can
be employed in the fusion proteins describe herein.

[0047] The amino acid sequence of an exemplary mature
form of human IL-2Ra 1s shown i SEQ ID NO: 6.
Unprocessed human IL-2Ra 1s shown 1n SEQ ID NO: 3. The
extracellular domain of SEQ ID NO: 6 1s set forth in SEQ
ID NO: 7. The amino acid sequence of an exemplary mature
form of mouse IL-2Ra 1s shown 1n SEQ ID NO: 9. Unpro-
cessed mouse IL-2Ra 1s shown i SEQ ID NO: 8. The
extracellular domain of SEQ ID NO: 9 1s set forth in SEQ
ID NO: 10. By a “native IL-2Ra.”, also termed “wild-type
IL-2Ra”, 1s meant a naturally occurring or recombinant

IL-2Ra. The sequence of a native human IL-2Ra molecule
1s shown 1n SEQ ID NO: 5 and 6.

[0048] Nucleic acid and amino acid sequences for IL-2Ra
are known. See, for example, GenBank Accession Nos:

NP_001030597.1 (P. troglodvtes); NP_001028089.1 (M.
mulatta); NM_001003211.1 (C. lupus); NP_776783.1 (B.
taurus); NP_032393.3 (M. musculus), and, NP_037293.1
(R. norvegicus), each of which 1s herein incorporated by
reference.

[0049] Biologically active fragments and varniants of the
extracellular domain of IL-2Ra are also provided. Such
IL-2Ra extracellular domain active variants or fragments
will retain the IL-2Ro extracellular domain activity. The
phrase “biological activity of the IL-2Ra extracellular
domain” refers to one or more of the biological activities of
extracellular domain of IL-2Ra., including but not limited to,
the ability to enhance intracellular signaling 1n IL-2 receptor
responsive cells. Non-limiting examples of biologically
active fragments and variants of the IL-2Ra are disclosed.,
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for example, 1n Robb et al., Proc. Natl. Acad. Sci. USA,
85:5654-5658, 1988, which 1s herein incorporated by refer-
ence.

[0050] Biologically active fragments and variants of the
extracellular domain of IL-2Ra can be employed in the

fusion proteins disclosed herein. Such a functional fragment
can comprise at least 10, 11, 12, 13, 14, 13, 16, 17, 18, 19,

20, 30, 40, 50, 75, 100, 125, 150, 175, 200, 215 or greater
continuous amino acids of the extracellular domain of any
one of SEQ ID NO: 6, 9, 7, 10, 35, or 8. Alternatively, a
functional variant can comprise at least 75%, 80%, 85%.,
90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, or 99%
sequence 1dentity to the sequence set forth in SEQ ID NO:
6,9, 7,10, 5, or 8.

[0051] In one embodiment, the fusion proteins provided
herein can comprise at least one mutation within the extra-
cellular domain of IL-2Ra. In a specific embodiment, the
Arginine at position 35 of IL-2Ra can be mutated to a
Threonine and/or the Arginine at position 36 of IL-2Ra. can
be mutated to a Serine. Such a fusion protein can have
increased IL-2 activity compared to a fusion protein not
comprising these mutations in the extracellular domain of
IL-2R o and/or compared to native or recombinant IL-2. The
amino acid sequences ol exemplary fusion proteins com-
prising IL-2Ra with mutations within the extracellular
domain of IL-2Ra. are set forth in SEQ 1D NOS: 62 and 64.
In one embodiment, the fusion protein comprises the amino
acid sequence of any one of SEQ ID NO: 62 or 64; or a

sequence having at least 80%, 85%, 90%, or 95% to any one
of SEQ ID NO: 62 or 64.

[0052] Active vanants and fragments ol polynucleotides
encoding the extracellular domain of IL-2Ra are further
provided. Such polynucleotide can comprise at least 100,
200, 300, 400, 500, 600 or greater continuous nucleotides of
polypeptide encoding SEQ 1D NO: 6, 9, 7, 10, 3, or 8 and
continue to encode a protein having the extracellular domain

activity of IL-2Ra. Alternatively, a functional polynucle-
otide can comprise at least 80%, 85%, 90%, 91%, 92%.,

93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
to the polypeptide encoding the amino sequence set forth in
SEQ ID NO: 6, 9, 7, 10, 5, or 8 and continue to encode a
protein having the extracellular domain activity of IL-2Ra.

[0053] 111. Additional Components

[0054] The IL-2/IL-2Ra. fusion proteins can further com-
prise additional elements. Such elements can aid in the
expression of the fusion protein, aid in the secretion of the
fusion protein, improve the stability of the fusion protein,
allow for more eflicient purification of the protein, and/or
modulate the activity of the fusion protein.

[0055] “‘Heterologous™ 1n reference to a polypeptide or
polynucleotide 1s a polypeptide or polynucleotide that origi-
nates from a diflerent protein or polynucleotide. The addi-
tional components of the fusion protein can originate from
the same organism as the other polypeptide components of
the fusion protein, or the additional components can be from
a different organism than the other polypeptide components
of the fusion protein.

[0056] In one embodiment, the IL-2/1L-2Ra. fusion pro-

tein comprises a linker sequence located between the IL-2
polypeptide and the IL-2Ra. polypeptide. The linker can be
of any length and can comprise at least 1, 2, 3, 4, 35, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 31, 32,
33,34, 35,36,37, 38,39, 40, 50 or 60 or more amino acids.
In one embodiment, the linker sequence comprises glycine
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amino acid residues. In other instances, the linker sequence
comprises a combination of glycine and serine amino acid
residues. Such glycine/serine linkers can comprises any
combination of the amino acid residues, including, but not
limited to, the peptide GGGS or GGGGS or repeats of the
same, including 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more repeats
of these given peptides. For example, linker sequences can
comprise GGGSGGGSGGGS (SEQ ID NO: 13) (also noted
as (Gly,Ser),); GGGSGGGSGGGSGGGS (SEQ ID NO:
11) (also noted as (Gly,;Ser),); or (Gly,Ser).; (Gly;Ser),;
(Gly,Ser),, etc. Linker sequences can further comprise
(Gly,Ser); as set forth 1 SEQ ID NO: 50;
GGGGSGGEGEGESGEGEGEESGGGEES (SEQ ID NO: 40) (also
noted as (Gly,Ser),);
GGGGSGGEGEGESGEGEGEESGGEGEGESGEEES (SEQ ID NO:
41) (also noted as (Gly,Ser).); (Gly,Ser),, (Gly,Ser),,
(Gly, Ser); (Gly,Ser),; (Gly, Ser),, etc. In addition, active
variants and Iragments of any linker can further be
employed 1n the fusion protein disclosed herein.

[0057] It 1s further recognized that the polynucleotide
encoding the IL-2/I1L-2Ra fusion protein can comprise addi-
tional elements that aid in the translation of the fusion
protein. Such sequences include, for example, Kozak
sequences attached to the 3' end of the polynucleotide
encoding the fusion protein. The Kozak consensus sequence
1s a sequence which occurs on eukaryotic mRNA that plays
a role 1n the mitiation of the translation process and has the
consensus (gcc)gccRecAUGG (SEQ ID NO: 335); wherein
(1) a lower case letter denotes the most common base at a
position where the base can nevertheless vary; (2) upper
case letters 1indicate highly-conserved bases, 1.e. the
‘AUGG’ sequence 1s constant or rarely, if ever, changes,
with the exception being the IUPAC ambiguity code ‘R’
which indicates that a purine (adenine or guanine) 1S nor-
mally observed at this position; and (3) the sequence in
brackets ((gcc)) 1s of uncertain significance. In one embodi-

ment, the Kozak sequence comprises the sequence set forth
in SEQ ID NO: 53.

[0058] In one non-limiting embodiment, the I1L-2/IL-2Ra
fusion protein comprises an IL-2 leader optimized Kozak
sequence as set forth in SEQ ID NO: 28 or a functional
variant or fragment thereot. A functional variant or fragment
of a Kozak sequence will retain the ability to increase
translation of the protein when compared to the level of
translation from a sequence lacking the leader. Such a
functional fragment can comprise at least 5, 6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40 continuous
nucleotides of a kozak sequence or the sequence set forth in
SEQ ID NO: 28 or 53. Alternatively, a functional variant can
comprise at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% sequence identity to the
kozak sequence or the sequence set forth in SEQ ID NO: 28
or 53.

[0059] In still further embodiments, the IL-2/IL-2Ro.
fusion protein comprises one or more tags at the C-terminus
to aid in the purnification of the polypeptide. Such tags are
known and include, for example, a Histidine tag. In specific
embodiments a 6x His tag 1s employed. It 1s further recog-
nized that an additional linker sequence can be employed
between the fusion protein and the His tag.

[0060] Non-limiting embodiment of an IL-2/IL-2Ra
fusion protein 1s set forth in FIG. 1, FIG. 2A, and FIG. 2B.

Such a fusion protein comprises a leader peptide, 1L-2 or a
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functional varnant or fragment thereof, a variable linker,
IL-2Ra, a glycine linker, 6x his tag, and two termination
codons.

[0061] 1v. Vaniants and Fragments
[0062] a. Polynucleotides
[0063] Fragments and variants of the polynucleotides

encoding the IL-2/IL-2Rqa extracellular domain fusion pro-
tein or the various components contained therein (1.e., the
IL-2Ra extracellular domain, the IL-2Ra. polypeptides, the
linker sequences and/or Kozak sequences) can be employed
in the various methods and compositions of the mvention.
By “fragment™ 1s mtended a portion of the polynucleotide
and hence the protein encoded thereby or a portion of the
polypeptide. Fragments of a polynucleotide may encode
protein fragments that retain the biological activity of the
native protein and hence have IL-2 activity, IL-2Ra extra-
cellular domain activity, I1L-2/IL-2Ra fusion protein activ-

ity, or 1f encoding a linker sequence, provide for the desired
activity of the IL-2/IL-2Ra fusion protein.

[0064] A biologically active portion of a IL-2Ra. extracel-
lular domain, 1L-2 polypeptide, 1L-2/1L-2R . fusion protein,
Kozak sequence, or linker sequence can be prepared by
1solating a portion of one of the polynucleotides encoding
the portion of the IL-2Ra extracellular domain or IL-2
polypeptide and expressing the encoded portion of the
polypeptide (e.g., by recombinant expression in vitro), and
assessing the activity of the portion of the IL-2Ra. extracel-
lular domain or/and IL-2 polypeptide or the activity of the
IL-2/ILR o fusion protein.

[0065] ““Variant” sequences have a high degree of
sequence similarity. For polynucleotides, conservative vari-
ants include those sequences that, because of the degeneracy
of the genetic code, encode the amino acid sequence of one
of the IL-2Ra extracellular domain polypeptides, 1L-2 poly-
peptides, 1L-2/IL-2Ra fusion proteins, or linker sequences.
Variants such as these can be identified with the use of
well-known molecular biology techniques, as, for example,
polymerase chain reaction (PCR) and hybridization tech-
niques. Variant polynucleotides also include synthetically
derived nucleotide sequences, such as those generated, for
example, by using site-directed mutagenesis but which still
encode an IL-2Ra extracellular domain, IL-2 polypeptide,
IL-2/IL-2R . fusion protein, a Kozak sequence, or the linker
sequence.

[0066] b. Polypeptides

[0067] By “variant” protein 1s intended a protein derived
from the native protein by deletion (so-called truncation) or
addition of one or more amino acids to the N-terminal and/or
C-terminal end of the native protein; deletion or addition of
one or more amino acids at one or more sites in the native
protein; or substitution of one or more amino acids at one or
more sites 1n the native protein. Variant proteins are bio-
logically active, that 1s they continue to possess the desired
biological activity, that 1s, IL-2/IL-2Ra fusion protein activ-
ity, IL-2 activity or IL-2Ra extracellular domain activity.
Such variants may result from, for example, genetic poly-
morphism or from human manipulation. Biologically active
variants ol a IL-2/IL-2Ra fusion protein or any one of its
components (1.e., an IL-2Ra extracellular domain polypep-
tide, a IL-2 polypeptide, or a linker sequence) will have at
least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%.,
80%, 85%, 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%,
98%, 99% or more sequence identity to the amino acid
sequence for the native protein as determined by sequence
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alignment programs and parameters described elsewhere
herein. A biologically active variant of a protein may difler
from that protein by as few as 1-15 amino acid residues, as
few as 1-10, such as 6-10, as few as 3, as few as 4, 3, 2, or
even 1 amino acid residue.

[0068] Proteins may be altered in various ways including
amino acid substitutions, deletions, truncations, and inser-
tions. Methods for such manipulations are generally known
in the art. For example, amino acid sequence variants of the
IL-2Ra. extracellular domain, 1L-2 polypeptide, IL-2/IL-
2R fusion protein, or linker sequences can be prepared by
mutations in the DNA. Methods for mutagenesis and
nucleotide sequence alterations are well known 1n the art.

See, Tor example, Kunkel (1985) Proc. Natl. Acad. Sci. USA
82:488-492; Kunkel et al. (1987) Methods in Enzymol.
154:367-382; U.S. Pat. No. 4,873,192; Walker and Gaastra,
eds. (1983) Techniques in Molecular Biology (MacMillan
Publishing Company, New York) and the references cited
therein. Guidance as to appropriate amino acid substitutions
that do not affect biological activity of the protein of interest
may be found i the model of Dayhotl et al. (1978) Atlas of
Protein Sequence and Structure (Natl. Biomed. Res. Found.,
Washington, D.C.), herein incorporated by reterence. Con-
servative substitutions, such as exchanging one amino acid
with another having similar properties, may be preferable.
[0069] Thus, the polynucleotides disclosed herein can
include the naturally occurring sequences, the “native”
sequences, as well as mutant forms. Likewise, the proteins
used in the methods of the invention encompass naturally
occurring proteins as well as variations and modified forms
thereof. Such variants will continue to possess the ability to
implement a recombination event. Generally, the mutations
made 1n the polynucleotide encoding the variant polypeptide
should not place the sequence out of reading frame, and/or
create complementary regions that could produce secondary
mRNA structure. See, EP Patent Application Publication No.
75,444,

[0070] Vanant polynucleotides and proteins also encom-
pass sequences and proteins derived from a mutagenic and
recombinogenic procedure such as DNA shuflling. With
such a procedure, one or more different IL-2Ra extracellular
domain or IL-2 coding sequences can be manipulated to
create a new IL-2Ra extracellular domain or IL-2 polypep-
tides possessing the desired properties. In this manner,
libraries of recombinant polynucleotides are generated from
a population of related sequence polynucleotides comprising
sequence regions that have substantial sequence 1dentity and
can be homologously recombined 1n vitro or in vivo. Strat-
egies for such DNA shuflling are known in the art. See, for
example, Stemmer (1994) Proc. Natl. Acad. Sci. USA
01:1074°7-10751; Stemmer (1994) Nature 370:389-391;
Cramen et al. (1997) Nature Biotech. 15:436-438; Moore et
al. (1997) J. Mol. Biol. 272:336-34"7; Zhang et al. (1997)
Proc. Natl. Acad. Sci. USA 94:4504-4509; Cramern et al.
(1998) Nature 391:288-291; and U.S. Pat. Nos. 5,605,793
and 5,837,458.

III. Polynucleotides Encoding the IL-2/IL-2Rc. Fusion
Proteins and Methods of Making

[0071] Compositions further iclude isolated polynucle-
otides that encode the various fusion proteins described
herein above, and variants and fragments thereof. Vectors
and expression cassettes comprising the polynucleotides
described herein are further disclosed. Expression cassettes
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will generally include a promoter operably linked to a
polynucleotide and a transcriptional and translational termi-
nation region.

[0072] The use of the term “polynucleotide” 1s not
intended to limit the present imnvention to polynucleotides
comprising DNA. Those of ordinary skill in the art will
recognize that polynucleotides, can comprise ribonucle-
otides and combinations of ribonucleotides and deoxyribo-
nucleotides. Such deoxyribonucleotides and ribonucleotides
include both naturally occurring molecules and synthetic
analogues.

[0073] An “1solated” or “purified” polynucleotide or pro-
tein, or biologically active portion thereof, 1s substantially or
essentially free from components that normally accompany
or 1interact with the polynucleotide or protein as found 1n 1ts
naturally occurring environment. Thus, an 1solated or puri-
fied polynucleotide or protein 1s substantially free of other
cellular material, or culture medium when produced by
recombinant techniques, or substantially free of chemical
precursors or other chemicals when chemically synthesized.
Optimally, an “1solated” polynucleotide 1s free of sequences
(optimally protein encoding sequences) that naturally flank
the polynucleotide (1.e., sequences located at the 5" and 3
ends of the polynucleotide) 1n the genomic DNA of the
organism from which the polynucleotide 1s derived. For
example, 1n various embodiments, the 1solated polynucle-
otide can contain less than about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb,
0.5 kb, or 0.1 kb of nucleotide sequence that naturally flank
the polynucleotide in genomic DNA of the cell from which
the polynucleotide 1s derived. A protein that 1s substantially
free of cellular matenial includes preparations of protein
having less than about 30%, 20%, 10%, 5%, or 1% (by dry
weilght) of contaminating protein. When the protein of the
invention or biologically active portion thereof 1s recombi-
nantly produced, optimally culture medium represents less
than about 30%, 20%, 10%, 5%, or 1% (by dry weight) of
chemical precursors or non-protein-of-interest chemaicals.

[0074] Conventional molecular biology, microbiology,
and recombinant DN A techniques within the skill of the art
may be employed herein. Such techniques are explained
tully 1n the literature. See, e.g., Sambrook et al., “Molecular
Cloning: A Laboratory Manual” (1989); “Current Protocols
in Molecular Biology” Volumes I-11I [Ausubel, R. M., ed.
(1994)]; “Cell Biology: A Laboratory Handbook” Volumes
I-IIT [J. E. Celis, ed. (1994))]; “Current Protocols 1n Immu-
nology” Volumes I-1II [Coligan, J. E., ed. (1994)]; “Oligo-
nucleotide Synthesis” (M. J. Gait ed. 1984); “Nucleic Acid
Hybridization” [B. D. Hames & S. J. Higgins eds. (1985)];
“Transcription And Translation” [B. D. Hames & S. .
Higgins, eds. (1984)]; “Animal Cell Culture” [R. 1. Fresh-
ney, ed. (1986)]; “Immobilized Cells And Enzymes™ [IRL
Press, (1986)]; B. Perbal, “A Practical Guide To Molecular
Cloning” (1984).

[0075] A vector which comprises the above-described
polynucleotides operably linked to a promoter 1s also pro-
vided herein. A nucleotide sequence 1s “operably linked™ to
an expression control sequence (e.g., a promoter) when the
expression control sequence controls and regulates the tran-
scription and translation of that sequence. The term “oper-
ably linked” when referring to a nucleotide sequence
includes having an appropriate start signal (e.g., ATG) 1n
front of the nucleotide sequence to be expressed and main-
taining the correct reading frame to permit expression of the
sequence under the control of the expression control
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sequence and production of the desired product encoded by
the sequence. If a gene that one desires to insert into a
recombinant nucleic acid molecule does not contain an
appropriate start signal, such a start signal can be mserted 1n
front of the gene. A “vector” 1s a replicon, such as plasmid,
phage or cosmid, to which another nucleic acid segment may
be attached so as to bring about the replication of the
attached segment. The promoter may be, or 1s 1dentical to, a
bactenal, yeast, insect or mammalian promoter. Further, the
vector may be a plasmid, cosmid, veast artificial chromo-
some (YAC), bacteriophage or eukaryotic viral DNA.

[0076] Other numerous vector backbones known 1n the art
as useful for expressing protein may be employed. Such
vectors include, but are not limited to: adenovirus, simian
virus 40 (SV40), cytomegalovirus (CMV), mouse mammary
tumor virus (MMTV), Moloney murine leukemia virus,
DNA delivery systems, 1.e. liposomes, and expression plas-
mid delivery systems. Further, one class of vectors com-
prises DNA elements derived from viruses such as bovine
papilloma virus, polyoma virus, baculovirus, retroviruses or
Semliki Forest virus. Such vectors may be obtained com-
mercially or assembled from the sequences described by
methods well-known 1n the art.

[0077] A host vector system for the production of a
polypeptide which comprises the vector of a suitable host
cell 1s provided herein. Suitable host cells include, but are
not limited to, prokaryotic or eukaryotic cells, e.g. bacterial
cells (including gram positive cells), yeast cells, fungal cells,
isect cells, and animal cells. Numerous mammalian cells
may be used as hosts, including, but not limited to, the
mouse fibroblast cell NIH 3T3, CHO cells, Hel.a cells, Ltk™
cells, etc. Additional animal cells, such as R1.1, B-W and
L-M cells, African Green Monkey kidney cells (e.g., COS 1,
COS 77, BSC1, BSC40, and BMT10), insect cells (e.g., S19),
and human cells and plant cells 1n tissue culture can also be
used.

[0078] A wide variety of host/expression vector combina-
tions may be employed i expressing the polynucleotide
sequences presented herein. Useful expression vectors, for
example, may consist of segments of chromosomal, non-
chromosomal and synthetic DNA sequences. Suitable vec-
tors include dernivatives of SV40 and known bacterial plas-
mids, e.g., E. coli plasmids col El, pCR1, pBR322, pMB9
and their derivatives, plasmids such as RP4; phage DNAS,
¢.g., the numerous derivatives of phage A, e.g., NM989, and
other phage DNA, e.g., M13 and filamentous single stranded
phage DNA; vyeast plasmids such as the 2u plasmid or
derivatives thereof; vectors useful in eukaryotic cells, such
as vectors useful 1n insect or mammalian cells; vectors
derived from combinations of plasmids and phage DNAs,
such as plasmids that have been modified to employ phage
DNA or other expression control sequences; and the like.

[0079] Any of a wide variety of expression control
sequences (sequences that control the expression of a
nucleotide sequence operably linked to 1t) may be used in
these vectors to express the polynucleotide sequences pro-
vided herein. Such useful expression control sequences
include, for example, the early or late promoters of SV40,
CMYV, vaccinia, polyoma or adenovirus, the lac system, the
trp system, the TAC system, the TRC system, the LTR
system, the major operator and promoter regions ol phage A,
the control regions of 1d coat protein, the promoter for
3-phosphoglycerate kinase or other glycolytic enzymes, the
promoters of acid phosphatase (e.g., PhoJ), the promoters of
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the yeast a-mating factors, and other sequences known to
control the expression of genes of prokaryotic or eukaryotic
cells or their viruses, and various combinations thereof.
[0080] It will be understood that not all vectors, expres-
s1on control sequences and hosts will function equally well
to express the polynucleotide sequences provided herein.
Neither will all hosts function equally well with the same
expression system. However, one skilled 1n the art will be
able to select the proper vectors, expression control
sequences, and hosts without undue experimentation to
accomplish the desired expression without departing from
the scope of this invention. For example, in selecting a
vector, the host must be considered because the vector must
function 1 it. The vector’s copy number, the ability to
control that copy number, and the expression of any other
proteins encoded by the vector, such as antibiotic markers,
will also be considered.

[0081] In selecting an expression control sequence, a
variety of factors will normally be considered. These
include, for example, the relative strength of the system, 1ts
controllability, and 1ts compatibility with the particular
nucleotide sequence or gene to be expressed, particularly as
regards potential secondary structures. Suitable unicellular
hosts will be selected by consideration of, e.g., their com-
patibility with the chosen vector, their secretion character-
istics, their ability to fold proteins correctly, and their
fermentation requirements, as well as the toxicity to the host
of the product encoded by the nucleotide sequences to be
expressed, and the ease of purification of the expression
products.

[0082] In preparing the expression cassette, the various
polynucleotides may be manipulated, so as to provide for the
polynucleotide sequences in the proper orientation and, as
appropriate, 1n the proper reading frame. Toward this end,
adapters or linkers may be employed to join the polynucle-
otides or other manipulations may be imvolved to provide for
convenient restriction sites, removal of supertluous DNA,
removal of restriction sites, or the like. For example, linkers
such as two glycines may be added between polypeptides.
Methionine residues encoded by atg nucleotide sequences
may be added to allow 1mitiation of gene transcription. For
this purpose, 1n vitro mutagenesis, primer repair, restriction,
annealing, resubstitutions, e.g., transitions and transver-
sions, may be involved.

[0083] Further provided i1s a method of producing a poly-
peptide which comprises expressing a polynucleotide
encoding a fusion protemn disclosed herein 1 a host cell
under suitable conditions permitting the production of the
polypeptide and recovering the polypeptide so produced.

IV. Methods of Use

[0084] Various methods are provided for modulating an
immune response. As used herein, the term “modulating™
includes 1nducing, inhibiting, potentiating, elevating,
increasing, or decreasing a given activity or response.
[0085] By “subject” 1s mntended mammals, e.g., primates,
humans, agricultural and domesticated animals such as, but
not limited to, dogs, cats, cattle, horses, pigs, sheep, and the
like. In one embodiment, the subject undergoing treatment
with the pharmaceutical formulations provided herein 1s a
human.

[0086] A “therapeutically eflective amount” of an IL-2/
IL-2R . fusion protein refers to the amount of the IL-2/IL-
2R fusion protein suflicient to elicit a desired biological
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response. As will be appreciated by one of ordinary skill in
the art, the absolute amount of a particular IL-2/IL-2Rc.
fusion protein that 1s eflective can vary depending on such
factors as the desired biological endpoint, the 1L-2/IL-2Ra
fusion protein to be delivered, the target cell or tissue, and
the like. One of ordinary skill in the art will further under-
stand that an effective amount can be administered in a
single dose, or can be achieved by administration of multiple
doses (1.e., 1, 2, 3,4, 5, 6,7, 8, 9, 10 or more doses).
[0087] 1. Methods for Increasing an Immune Response

[0088] Various methods are provided for increasing the
immune response in a subject. Such methods comprise
administering to a subject 1n need of an increase in the
immune response a therapeutically effective amount of an
IL-2/IL-2Ra fusion protein. As such, in specific embodi-
ments, transient application of higher doses of IL-2 are
employed to boosted immune eflector and memory
responses.

[0089] It 1s further recognized that the various IL-2/IL-

2Rao. fusion protein can be used in combination with an
antigen to enhance the immune response to the antigen.
Thus, the IL-2/IL-2R o fusion protein can also be used as a
vaccine adjuvant especially to boost cell-mediated immune
memory.

[0090] For example, the IL-2/IL-2Ra fusion protein can
be used to enhance a vaccine preparation. Thus, the various
IL-2/IL-2Ra. fusion proteins are uselul for increasing the
ellicacy of anti-cancer vaccines or for vaccines that are
poorly immunogenic. Further provided are methods for
enhancing the eflicacy or immunogenicity of a vaccine 1n a
subject, or overcoming a suppressed immune response to a
vaccine 1n a subject, including (1) administering to the
subject a therapeutically eflective amount of an I1L-2/IL-2Ra
fusion protein and (1) administering to the subject a vaccine.

[0091] By “vaccine” 1s intended a composition useful for
stimulating a specific immune response (Or 1MmMuUNOgenic
response) 1n a subject. In some embodiments, the immuno-
genic response 1s protective or provides protective immu-
nity. For example, in the case of a disease-causing organism
the vaccine enables the subject to better resist infection with
or disease progression from the organism against which the
vaccine 1s directed. Alternatively, 1n the case of a cancer, the
vaccine strengthens the subject’s natural defenses against
cancers that have already developed. These types of vac-
cines may also prevent the further growth of existing can-
cers, prevent the recurrence of treated cancers, and/or elimi-
nate cancer cells not killed by prior treatments.

[0092] Representative vaccines include, but are not lim-
ited to, vaccines against diphtheria, tetanus, pertussis, polio,
measles, mumps, rubella, hepatitis B, Haemophilus influen-
zae type b, varicella, meningitis, human immunodeficiency
virus, tuberculosis, Epstein Barr virus, malaria, hepatitis E,
dengue, rotavirus, herpes, human papillomavirus, and can-
cers. Vaccines of interest include the two vaccines that have
been licensed by the U.S. Food and Drug Administration to
prevent virus infections that can lead to cancer: the hepatitis
B vaccine, which prevents infection with the hepatitis B
virus, an 1infectious agent associated with liver cancer
(MMWR Movrb. Mortal. Wkiy. Rep. 46:107-09, 1997); and
Gardasil™, which prevents infection with the two types of
human papillomavirus that together cause 70 percent of
cervical cancer cases worldwide (Speck and Tyring, Skirn
Therapy Lett. 11:1-3, 2006). Other treatment vaccines of
interest include therapeutic vaccines for the treatment of
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cancer, cervical cancer, follicular B cell non-Hodgkin’s
lymphoma, kidney cancer, cutaneous melanoma, ocular
melanoma, prostate cancer, and multiple myeloma.

[0093] By “enhancing the efficacy” or “enhancing the
immunogenicity” with regard to a vaccine 1s intended
improving an outcome, for example, as measured by a
change 1n a specific value, such as an increase or a decrease
in a particular parameter of an activity of a vaccine associ-
ated with protective 1mmmunity. In one embodiment,
enhancement refers to at least a 5%, 10%, 25%, 50%, 100%
or greater than 100% increase 1n a particular parameter. In
another embodiment, enhancement refers to at least a 5%,
10%, 25%, 50%, 100% or greater than 100% decrease 1n a
particular parameter. In one example, enhancement of the
ellicacy/immunogenicity of a vaccine refers to an increase 1n
the ability of the vaccine to inhibit or treat disease progres-
s10m, such as at least a 5%, 10%, 25%, 50%, 100%, or greater
than 100% increase 1n the eflectiveness of the vaccine for
that purpose. In a further example, enhancement of the
ellicacy/immunogenicity of a vaccine refers to an increase 1n
the ability of the vaccine to recruit the subject’s natural
defenses against cancers that have already developed, such
as at least a 5%, 10%, 25%, 50%, 100%, or greater than
100% increase 1n the eflectiveness of the vaccine for that

purpose.

[0094] Similarly, by “overcoming a suppressed immune
response” with regard to a vaccine 1s intended improving an
outcome, for example, as measured by a change 1n a specific
value, such as a return to a formerly positive value in a
particular parameter of an activity of a vaccine associated
with protective immunity. In one embodiment, overcoming,
refers to at least a 5%, 10%, 25%, 50%, 100% or greater than
100% 1ncrease 1n a particular parameter. In one example,
overcoming a suppressed immune response to a vaccine
refers to a renewed ability of the vaccine to inhibit or treat
disease progression, such as at least a 5%, 10%, 25%, 50%,
100%, or greater than 100% renewal 1n the effectiveness of
the vaccine for that purpose. In a further example, overcom-
ing a suppressed immune response to a vaccine refers to a
renewed ability of the vaccine to recruit the subject’s natural
defenses against cancers that have already developed, such
as at least a 25%, 50%, 100%, or greater than 100% renewal
in the effectiveness of the vaccine for that purpose.

[0095] By “‘therapeutically eflective amount” 1s intended
an amount that i1s useful 1in the treatment, prevention or
diagnosis of a disease or condition. As used herein, a
therapeutically eflective amount of an IL-2/IL-2Ra. fusion
protein 1s an amount which, when administered to a subject,
1s suflicient to achieve a desired eflect, such as modulating
an immune response in a subject without causing a substan-
tial cytotoxic eflect in the subject. As outlined above, a
therapeutically eflective amount of an IL-2/IL-2Ra fusion
protein can be administered to a subject to increase an
immune response, enhance the immune response to an
antigen, enhance the eflicacy or immunogenicity of a vac-
cine 1n a subject, or to overcome a suppressed 1immune
response to a vaccine. The eflective amount of an IL-2/IL-
2R fusion protein usetul for modulating such functions will
depend on the subject being treated, the severity of the
aflliction, and the manner of administration of the 1L-2/1L-
2Ra fusion protein. Exemplary doses include about 10* to
about 107 TU of IL-2 activity per adult, about 10* to 10° TU
of IL-2 activity per adult, about 10° to about 10° IU of IL-2
activity per adult, about 10° to about 10’ IU of IL-2 activity
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per adult. In other instances, the therapeutically effective
dose of the IL-2/IL-2Ra. fusion protein is about 10° TU of

IL.-2 activity+100-fold, is about 10° TU of IL-2 activity+10-
fold, about 10° TU of IL-2 activity+2-fold, about 10° IU of
IL.-2 activity+20-fold, about 10° IU of IL-2 activity+30-fold,
about 10° IU of IL-2 activity+40-fold, about 10° IU of IL-2
activity+50-fold, about 10° IU of IL-2 activity+60-fold,
about 10° IU of IL-2 activity+70-fold, about 10> IU of IL-2
activity+80-fold, or about 10° IU of IL-2 activity+90-fold. In
a specific non-limiting embodiment, a human IL-2 fusion
protein 1s administered at this dosage.

[0096] In one embodiment, the reference standard for the
mouse IL-2 fusion protein 1s the mouse 1L-2 1s from eBio-
sciences (Catalog Number: 14-8021). Briefly, the bioactivity
of mouse IL-2 from eBioscience 1s as follows: The ED50 of
this protein, as measured by CTLL-2 cell proliferation assay,
1s less than or equal to 175 pg/mL. This corresponds to a
specific activity of greater than or equal to 5.7x10° Units/
mg.

[0097] In another embodiment, the reference standard for
the human IL-2 fusion protein i1s the human IL-2 drug
Aldesleukin (Proleukin) Thus, the IL-2 fusion proteins dis-
closed herein are directly compared to the fusion protein to
the IL-2 drug that 1s used 1n low dose or high dose IL-2
therapy. 1L-2 activity for mouse and human IL-2 use the
same assay and their activity in units/mg are similar. With
respect to the human IL-2 drug, 1.e. aldesleukin (Proleukin),
the standard measure of an amount IL-2 1s the International
Unit (IU) which technically 1s not a fixed amount but the
amount that produces a fixed effect 1n a specific assay of
biological activity, 1.e. CTLL proliferation assay. In practice,
the manufacture of IL-2 1s standardized and there 1s a
conversion between drug weight and International Units. It

1s 1.1 mg IL-2=18 million IU (abbreviated 18 MIU).

[0098] It 1s furthermore understood that appropriate doses
ol a functional agent depend upon the potency of the active
agent with respect to the activity to be modulated. Such
appropriate doses may be determined using the assays
described herein. In addition, 1t 1s understood that the
specific dose level for any particular animal subject waill
depend upon a variety of factors including the activity of the
specific compound employed, the age, body weight, general
health, gender, and diet of the subject, the time of admin-
1stration, the route of administration, the rate of excretion,
and/or any drug combination.

[0099] When admunistration 1s for the purpose of treat-
ment, administration may be for either a prophylactic or
therapeutic purpose. When provided prophylactically, the
substance 1s provided 1n advance of any symptom. The
prophylactic administration of the substance serves to pre-
vent or attenuate any subsequent symptom. When provided
therapeutically, the substance 1s provided at (or shortly after)
the onset of a symptom. The therapeutic administration of
the substance serves to attenuate any actual symptom.

[0100] The skilled artisan will appreciate that certain
factors may influence the dosage required to effectively treat
a subject, including but not limited to, the severity of the
disease or disorder, previous treatments, the general health
and/or age of the subject, and other diseases present. More-
over, treatment of a subject with a therapeutically effective
amount of an IL-2/IL-2Ra fusion protein can include a
single treatment or, preferably, can include a series of
treatments. It will also be appreciated that the effective
dosage of an IL-2/IL-2Ra fusion protein used for treatment
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may increase or decrease over the course of a particular
treatment. Changes 1n dosage may result and become appar-
ent from the results of diagnostic assays as described herein.
[0101] Therapeutically effective amounts of an IL-2/IL-
2R fusion protein can be determined by animal studies.
When animal assays are used, a dosage 1s administered to
provide a target 1n vivo concentration similar to that which
has been shown to be eflective 1n the animal assays.

[0102] 11. Methods for Decreasing an Immune Response

[0103] Various methods are provided for decreasing the
immune response in a subject. Such methods comprise
administering to a subject 1n need of a decrease i the
immune response a therapeutically effective amount of an
IL-2/IL-2Ra. fusion protein.

[0104] There 1s much mterest to harness the suppressive
power of Tregs to inhibit unwanted immune responses. Data
in mouse and man shows that enhancing IL-2R signaling
with a low dose of IL-2 selectively boosts Tregs and
enhances 1mmune tolerogenic mechanisms. I1L-2/IL-2Ra
fusion protemns provided herein represent a new and
improved form of 1L-2 that more potentially enhances Tregs.
Thus, the IL-2/IL-2Ra fusion proteins can be administered
to patients with autoimmune diseases, chronic graft versus
host disease, transplant rejection reactions, and other con-
ditions where the goal 1s to suppress selif-reactivity.

[0105] For example, a therapeutically eflective amount of
an IL-2/IL-2Ro. fusion protein that promotes immune tol-
erance can find use, for example, 1n treating a subject having
an autoimmune or an inflammatory disorder, including but
not limited to, graft rejections and allergies. Thus, in one
embodiment, a method of treating a subject having an
autormmune or inflammatory disorder 1s provided. Such a
method comprises administering to the subject a therapeu-
tically eflective amount of an IL-2/IL-2Rqa fusion protein.

[0106] Non-limiting examples of autoimmune disorders
that can be treated or prevented include typel diabetes,
multiple sclerosis, rheumatoid arthritis, celiac disease, sys-
temic lupus erythematous, juvenile i1diopathic arthritis,
Crohn’s disease, ulcerative colitis or systemic sclerosis,
gralt versus host disease, HCV-induced vasculitis, alopecia
areata or psoriasis.

[0107] Additional autormmune diseases include those
where there 1s already an indication that Tregs may be
impaired and would benefit from IL-2-dependent boosting
of Tregs. In this regard, single nucleotide polymorphisms
(SNPs) 1n IL-2, IL-2Ra, or IL-2R 13 have been associated as
a genetic risk for type 1 diabetes, multiple sclerosis, rheu-
matoid arthritis, celiac disease, systemic lupus erythemato-
sus, juvenile 1diopathic arthritis, Crohn’s disease, ulcerative
colitis, and systemic sclerosis. Studies suggest that the
genetic risk 1s related to impaired Treg numbers and/or
activity. In addition, low dose IL-2 therapy has shown to
benefit patients with chronic GvHD and HCV-1nduced vas-
culitis. Thus, such patients populations can also be admin-
1stered a therapeutically effective amount of an IL-2/IL-2Ra.
fusion protein.

[0108] In other embodiments, the IL-2/IL-2Ro fusion
protein can be used in combination with a therapeutic agent
to reduce the immune response to the agent (1.¢. protein). For
example, the IL-2/IL-2Ra fusion protein can be used 1n
combination with a therapeutic protein which must be
chronically admimstered to a subject. Thus, 1n a specific
embodiment, the method comprises imncludes administering
to the subject at least one additional therapeutic agent in
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combination with an IL-2/IL-2Ro fusion protein. Such
therapeutic agents, include but are not limited to, a cytokine,
a glucocorticoid, an anthracycline (e.g., doxorubicin or
epirubicin), a fluoroquinolone (e.g., ciprofloxacin), an anti-
folate (e.g., methotrexate), an antimetabolite (e.g., fluorou-
racil), a topoisomerase inhibitor (e.g., camptothecin, 1rino-
tecan or etoposide), an alkylating agent (e.g.,
cyclophosphamide, 1fostamide, mitolactol, or melphalan),
an antiandrogen (e.g., flutamide), an antiestrogen (e.g.,
tamoxifen), a platinum compound (e.g., cisplatin), a vinca
alkaloid (e.g., vinorelbine, vinblastine or vindesine), or
mitotic inhibitor (e.g., paclitaxel or docetaxel).

[0109] Moreover, the therapeutically eflective amount of
the 1L-2/IL-2Ra fusion protein can further be administered
in combination therapies to increase Tregs and tolerance.
Such combination therapies can comprises the therapeuti-
cally eflective amount of the IL-2/IL-2Ra fusion protein in
combination with anti-TNFa or other agents to inhibit
inflammatory responses.

[0110] The therapeutically effective amount of an IL-2/
IL-2Ra fusion protein useful for decreasing an immune
response will depend on the subject being treated, the
severity of the aflliction, and the manner of administration of
the IL-2/IL-2Ra. fusion protein. Exemplary doses include
about 10° IU to about 10° TU of IL-2 activity per adult or
about 10* IU to about 10° TU of IL-2 activity per adult.
Exemplary doses include about 10° to about 10° IU of IL-2
activity per adult, about 10° to about 10* IU of IL-2 activity
per adult, about 10* to about 10° TU of IL-2 activity per
adult, about 10* to 10° TU of IL-2 activity per adult, or about
10° to about 10° IU of IL-2 activity per adult. In other
instances, the therapeutically effective dose of the IL-2/IL-
2R fusion protein is about 10* IU of IL-2 activity=100-
fold, is about 10* TU of IL-2 activity+10-fold, about 10* TU
of IL-2 activity+2-fold, about 10* TU of IL-2 activity+20-
fold, about 10* IU of IL-2 activity+30-fold, about 10" IU of
IL.-2 activity+40-fold, about 10* TU of IL-2 activity+50-fold,
about 10* IU of IL-2 activity+60-fold, about 10* IU of IL-2
activity+70-fold, about 10 IU of IL-2 activity+80-fold, or
about 10* U of IL-2 activity+90-fold. In a specific non-
limiting embodiment, a human IL-2 fusion protein 1s admin-
1stered at this dosage.

[0111] In one embodiment, the reference standard for the
mouse IL-2 fusion protein 1s the mouse 1L-2 1s from eBio-
sciences (Catalog Number: 14-8021). Briefly, the bioactivity
of mouse IL-2 from eBioscience 1s as follows: The ED3S0 of
this protein, as measured by CTLL-2 cell proliferation assay,
1s less than or equal to 175 pg/mL. This corresponds to a
specific activity of greater than or equal to 5.7x10° Units/
mg.

[0112] In another embodiment, the reference standard for
the human IL-2 fusion protemn i1s the human IL-2 drug
Aldesleukin (Proleukin) Thus, the IL-2 fusion proteins dis-
closed herein are directly compared to the fusion protein to
the IL-2 drug that 1s used 1n low dose or high dose IL-2
therapy. 1L-2 activity for mouse and human IL-2 use the
same assay and their activity in units/mg are similar. With
respect to the human IL-2 drug, 1.e. aldesleukin (Proleukin),
the standard measure of an amount IL-2 1s the International
Unit (IU) which technically 1s not a fixed amount but the
amount that produces a fixed eflect in a specific assay of
biological activity, 1.e. CTLL proliferation assay. In practice,
the manufacture of IL-2 1s standardized and there i1s a
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conversion between drug weight and International Units. It
1s 1.1 mg IL-2=18 million IU (abbreviated 18 MIU).
[0113] It 1s furthermore understood that appropriate doses
of a functional agent depend upon the potency of the active
agent with respect to the expression or activity to be modu-
lated. Such appropriate doses may be determined using the
assays described herein. In addition, it 1s understood that the
specific dose level for any particular animal subject waill
depend upon a variety of factors including the activity of the
specific compound employed, the age, body weight, general
health, gender, and diet of the subject, the time of admin-
1stration, the route of administration, the rate of excretion,
and/or any drug combination.

[0114] When administration i1s for the purpose of treat-
ment, administration may be for either a prophylactic or
therapeutic purpose. When provided prophylactically, the
substance 1s provided in advance of any symptom. The
prophylactic administration of the substance serves to pre-
vent or attenuate any subsequent symptom. When provided
therapeutically, the substance 1s provided at (or shortly after)
the onset of a symptom. The therapeutic administration of
the substance serves to attenuate any actual symptom.

[0115] The skalled artisan will appreciate that certain fac-
tors may intluence the dosage required to eflectively treat a
subject, including but not limited to the severity of the
disease or disorder, previous treatments, the general health
and/or age of the subject, and other diseases present. More-
over, treatment of a subject with a therapeutically effective
amount of an IL-2/IL-2Ra fusion protein can include a
single treatment or, preferably, can include a series of
treatments. It will also be appreciated that the effective
dosage of an IL-2/IL-2Ra fusion protein used for treatment
may increase or decrease over the course of a particular
treatment. Changes 1n dosage may result and become appar-
ent from the results of diagnostic assays as described herein.

[0116] Therapeutically eflective amounts of an IL-2/IL-
2Ro. fusion protein can be determined by animal studies.
When animal assays are used, a dosage 1s administered to
provide a target tissue concentration similar to that which
has been shown to be eflective 1n the animal assays.

[0117] 11. Pharmaceutical Composition

[0118] 'The various IL-2/IL-2Ra fusion proteins disclosed
herein (also referred to herein as “active compounds™) can
be incorporated ito pharmaceutical compositions suitable
for administration. Such compositions typically comprise
the fusion protein and a pharmaceutically acceptable carrier.
As used herein the language “pharmaceutically acceptable
carrier” 1s mtended to include any and all solvents, disper-
sion media, coatings, antibacterial and antifungal agents,
1sotonic and absorption delaying agents, and the like, com-
patible with pharmaceutical administration. The use of such
media and agents for pharmaceutically active substances 1s
well known 1n the art. Except msofar as any conventional
media or agent 1s incompatible with the active compound,
use thereof 1n the compositions 1s contemplated. Supple-
mentary active compounds can also be incorporated 1nto the
compositions.

[0119] A pharmaceutical composition of the invention is
formulated to be compatible with its intended route of
administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral
(e.g., inhalation), transdermal (topical), and transmucosal. In
addition, 1t may be desirable to administer a therapeutically
ellective amount of the pharmaceutical composition locally
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to an area 1 need of treatment. This can be achieved by, for
example, local or regional infusion or perfusion during
surgery, topical application, 1njection, catheter, suppository,
or implant (for example, implants formed from porous,
non-porous, or gelatinous materials, including membranes,
such as sialastic membranes or fibers), and the like. In
another embodiment, the therapeutically effective amount of
the pharmaceutical composition 1s delivered 1 a vesicle,
such as liposomes (see, e.g., Langer, Science 249:1527-33,
1990 and Treat et al., in Liposomes in the Therapy of
Infectious Disease and Cancer, Lopez Berestein and Fidler
(eds.), Liss, N.Y., pp. 353-63, 1989).

[0120] In vyet another embodiment, the therapeutically
ellective amount of the pharmaceutical composition can be
delivered 1n a controlled release system. In one example, a

pump can be used (see, e.g., Langer, Science 249:1527-33,
1990, Sefton, Crit. Rev. Biomed. Eng. 14:201-40, 1987;

Buchwald et al., Surgery 88:507-16, 1980; Saudek et al., V.
Engl. J Med. 321:574-79, 1989). In another example, poly-
meric materials can be used (see, e.g., Levy et al., Science
228:190-92, 19835; During et al., Ann. Neurol. 25:351-56,
1989; Howard et al., J. Neurosurg. 71:105-12, 1989). Other

controlled release systems, such as those discussed by
Langer (Science 249:1527-33, 1990), can also be used.

[0121] Solutions or suspensions used for parenteral, intra-
dermal, or subcutaneous application can include the follow-
ing components: a sterile diluent such as water for injection,
saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxi-
dants such as ascorbic acid or sodium bisulfite; chelating
agents such as ethylenediaminetetraacetic acid; builers such
as acetates, citrates or phosphates and agents for the adjust-
ment of tonicity such as sodium chloride or dextrose. pH can
be adjusted with acids or bases, such as hydrochloric acid or
sodium hydroxide. The parenteral preparation can be
enclosed 1n ampoules, disposable syringes, or multiple dose
vials made of glass or plastic.

[0122] Pharmaceutical compositions suitable for inject-
able use include sterile aqueous solutions (where water
soluble) or dispersions and sterile powders for the extem-
poraneous preparation of sterile injectable solutions or dis-
persions. For intravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremo-
phor EL O (BASF; Parsippany, N.I.), or phosphate buflered
saline (PBS). In all cases, the composition must be sterile
and should be fluid to the extent that easy syringability
exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating
action ol microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyetheylene glycol, and the
like), and suitable mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size 1n
the case of dispersion, and by the use of surfactants. Pre-
vention of the action of microorganisms can be achieved by
various anftibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal,
and the like. In many cases, 1t will be preferable to include
1sotonic agents, for example, sugars, polyalcohols such as
mannitol, sorbitol, sodium chloride, 1n the composition.
Prolonged absorption of the mjectable compositions can be
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brought about by including 1n the composition an agent that
delays absorption, for example, aluminum monostearate and
gelatin.

[0123] Sterile imjectable solutions can be prepared by
incorporating the active compound 1n the required amount 1n
an appropriate solvent with one or a combination of ingre-
dients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incor-
porating the active compound into a sterile vehicle that
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-drying, which yields a powder of the
active ingredient plus any additional desired ingredient from
a previously sterile-filtered solution thereof.

[0124] For administration by inhalation, the compounds
are delivered in the form of an aerosol spray from a
pressurized container or dispenser that contains a suitable
propellant, e.g., a gas such as carbon dioxide, or a nebulizer.

[0125] Systemic administration can also be by transmu-
cosal or transdermal means. For transmucosal or transder-
mal administration, penetrants appropriate to the barrier to
be permeated are used in the formulation. Such penetrants
are generally known 1n the art, and include, for example, for
transmucosal admimstration, detergents, bile salts, and
tusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or supposito-
ries. For transdermal administration, the active compounds
are formulated into ointments, salves, gels, or creams as
generally known in the art. The compounds can also be
prepared in the form of suppositories (e.g., with conven-
tional suppository bases such as cocoa butter and other
glycerides) or retention enemas for rectal delivery.

[0126] In one embodiment, the active compounds are
prepared with carriers that will protect the compound against
rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated
delivery systems. Biodegradable, biocompatible polymers
can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic
acid. Methods for preparation of such formulations will be
apparent to those skilled in the art. The materials can also be
obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including
liposomes targeted to infected cells with monoclonal anti-
bodies to viral antigens) can also be used as pharmaceuti-
cally acceptable carriers. These can be prepared according to

methods known to those skilled in the art, for example, as
described 1n U.S. Pat. No. 4,522,811.

[0127] It 1s especially advantageous to formulate oral or
parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form
as used herein refers to physically discrete units suited as
unitary dosages for the subject to be treated with each unit
contaiming a predetermined quantity of active compound
calculated to produce the desired therapeutic effect 1n asso-
ciation with the required pharmaceutical carrier. The speci-
fication for the dosage umit forms of the invention are
dictated by and directly dependent on the unique character-
istics of the active compound and the particular therapeutic
eflect to be achieved, and the limitations inherent in the art
of compounding such a functional compound for the treat-
ment of individuals.
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[0128] The pharmaceutical compositions can be included
in a container, pack, or dispenser together with instructions
for administration.

[0129] 1v. Kits

[0130] As used herein, a “kit” comprises an 1L-2/IL-2Ra
fusion protein for use 1n modulating the immune response,
as described elsewhere heremn. The terms “kit” and “sys-
tem.,” as used herein are intended to refer to at least one or
more IL-2/1L-2Ra fusion protein which, 1in specific embodi-
ments, are in combination with one or more other types of
clements or components (e.g., other types of biochemical
reagents, containers, packages, such as packaging intended
for commercial sale, instructions of use, and the like).

V. Sequence Identity

[0131] As described above, active variants and fragments
of the IL-2/IL-2Ra fusion proteins or the polynucleotide
encoding the same, including the various components of the
IL-2/1IL-2R . fusion protein are provided. Such components
include, 1L.-2, the extracellular domain of IL.-2R ¢, the linker
sequences or the Kozak sequence. The activity retained by
the active variant or fragment of the fusion protein or a given
component of the fusion protein 1s discussed in further detail
clsewhere herein.

[0132] Such variants can have at least 90%, 91%., 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence 1dentity
to a given reference polypeptide or polynucleotide. A frag-
ment can comprise at least 10, 20, 30, 50, 75, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 1500, 2000 contiguous
nucleotides of a given reference nucleotide sequence or up
to the full length of a given nucleotide reference sequence;
or a fragment can comprise at least 10, 20, 30, 40, 50, 60, 70,
75, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200 contiguous amino acids or up to the full length of a
given reference polypeptide sequence.

[0133] As used herein, “sequence 1dentity” or “identity” 1n
the context of two polynucleotides or polypeptide sequences
makes reference to the residues in the two sequences that are
the same when aligned for maximum correspondence over a
specifled comparison window. When percentage of
sequence 1dentity 1s used 1n reference to protemns 1t 1s
recognized that residue positions which are not i1dentical
often differ by conservative amino acid substitutions, where
amino acid residues are substituted for other amino acid
residues with similar chemical properties (e.g., charge or
hydrophobicity) and therefore do not change the functional
properties of the molecule. When sequences difler in con-
servative substitutions, the percent sequence 1dentity may be
adjusted upwards to correct for the conservative nature of
the substitution. Sequences that differ by such conservative
substitutions are said to have “sequence similarity” or “simi-
larity”. Means for making this adjustment are well known to
those of skill in the art. Typically this involves scoring a
conservative substitution as a partial rather than a full
mismatch, thereby increasing the percentage sequence iden-
tity. Thus, for example, where an 1dentical amino acid 1s
given a score ol 1 and a non-conservative substitution 1s
given a score ol zero, a conservative substitution 1s given a
score between zero and 1. The scoring of conservative
substitutions 1s calculated, e.g., as implemented in the pro-
gram PC/GENE (Intelligenetics, Mountain View, Calif.).
[0134] As used herein, “percentage of sequence 1dentity™
means the value determined by comparing two optimally
aligned sequences over a comparison window, wherein the
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portion of the polynucleotide sequence 1n the comparison
window may comprise additions or deletions (1.¢., gaps) as
compared to the reference sequence (which does not com-
prise additions or deletions) for optimal alignment of the two
sequences. The percentage 1s calculated by determining the
number of positions at which the identical nucleic acid base
or amino acid residue occurs in both sequences to yield the
number of matched positions, dividing the number of
matched positions by the total number of positions 1n the
window of comparison, and multiplying the result by 100 to
yield the percentage of sequence 1dentity.

[0135] Unless otherwise stated, sequence 1dentity/similar-
ity values provided herein refer to the value obtained using
GAP Version 10 using the following parameters: % identity
and % similarity for a nucleotide sequence using GAP
Weight of 50 and Length Weight of 3, and the nwsgapdna.
cmp scoring matrix; % 1dentity and % similarity for an
amino acid sequence using GAP Weight of 8 and Length
Weight of 2, and the BLOSUMG62 scoring matrix; or any
equivalent program thereof. By “equivalent program™ 1is
intended any sequence comparison program that, for any
two sequences 1n question, generates an alignment having
identical nucleotide or amino acid residue matches and an
identical percent sequence identity when compared to the
corresponding alignment generated by GAP Version 10.
[0136] As used herein, the singular terms “a,” “an,” and
“the” include plural referents unless context clearly indicates
otherwise. Similarly, the word “or” 1s imntended to include
“and” unless the context clearly indicates otherwise. It 1s
turther to be understood that all base sizes or amino acid
sizes, and all molecular weight or molecular mass values,
grven for nucleic acids or polypeptides are approximate, and
are provided for description.

[0137] The subject matter of the present disclosure 1is
turther illustrated by the following non-limiting examples.

EXPERIMENTAL

[0138] IL-2 1s a biologic that has been used 1n attempts to
boost immune responses 1n cancer and HIV/AID patients.
More recently much lower doses of IL-2 have been used to
selectively boost tolerance to suppress unwanted immune
responses associated with autoimmune-like attack of seli-
tissues. Importantly, these low doses of IL-2 have not shown
signs ol enhancing or re-activation of autoreactive T cells.
Nevertheless, I1L.-2 has important drawbacks as a therapeu-
tic, including a very short-half life 1n vivo, which limits its
ellicacy, and toxicity at high doses. For these reasons a new
IL-2 biologic has been produced with the goals of improving
its pharmacokinetics and durability of responses for use 1)
in low dose IL-2-based therapy to boost regulatory T cells
(Tregs) and immune tolerance and 2) in adjuvant therapy
with higher doses to boost immune responses and memory.
To achieve these goals, IL-2/IL-2Ra fusion proteins have
been developed, where these fusions were designed to
increase IL-2 availability by increasing persistent IL-2
stimulation of IL-2R-bearing lymphocytes 1 vivo. These
fusions consist of engineered proteins as follows (FI1G. 1): 1)
a leader sequence of I1L-2 that contains an optimized Kozak
sequence for eflicient translation; 2) the full length sequence
of IL-2; 3) a glycine or glycine/serine linker sequence of
variable length; 4) the coding sequence of the expressed
extracellular domain of IL-2Ra; 5) a 2 amino acid glycine
spacer; 6) a six amino acid poly-histidine region for purifi-
cation; and 7) two termination codons. The predicted protein
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sequences from these mouse and human cDNAs are shown
for 1L-2/(GlySer)/IL-2Ra. fusion proteins in FIG. 2A and

FIG. 2B, respectively. These cDNAs were cloned into the
pClneo expression vector and used for expression of these
fusion proteins 1 COS7 cells. Analysis of the culture
supernatants indicated that each mouse fusion protein exhib-

ited 1L-2 bioactivity in vitro, with optimal activity associ-
ated with the IL-2/(Gly,Ser),/IL-2Ra fusion protein (FIG.

3A). Accordingly, inclusion of anti-IL-2 in this bioassay
completely 1nhibited proliferation (FIG. 3B). Larger

amounts of IL-2/(Gly,Ser),/IL-2Ra and IL-2/(Gly,Ser),/

IL-2Ra were prepared after expression in CHO cells and
purified by aflinity chromatography through binding of the
6x His tag of the fusion protein to immobilized nickel. The
mouse 1L-2/(Gly,Ser);/IL-2Ra. fusion protein showed
greater 1L-2 bioactivity than IL-2/(Gly,Ser),/IL-2Ra (FIG.
4A) even though both fusion proteins similarly inhibited the
binding of two anti-IL2R o antibodies (PC61 and 7D4) (FIG.
4B) to cells expressing IL-2Ra, confirming greater 1L-2
activity 1s associated with the former fusion protein. The
inhibition of binding of PC61 and 7D4 also indicates that
IL-2Ra portion of the fusion protein retained suflicient
tertiary structure to bind these antibodies. However, these
fusion proteins did not inhibit the binding of a monoclonal
antibody (3C7) directed to the IL-2 binding site of IL-2Ra,
to cells expressing IL-2Ra. This result implies that IL-2
within the IL-2/IL-2Ra fusion protein in spatially near the

binding site of IL-2Ra (FIG. §5). Western blot analysis of
these fusion proteins showed that I1L-2/IL-2Ra. was 55-65
kDa, with somewhat faster mobility under non-reducing
condition, and that it was approximately 15 kDa larger than
that observed for soluble IL-2Ra. (FIG. 6A). Correspond-
ingly, direct analysis of the purified mouse 1L-2/(Gly,Ser)
J/1L-2Ra. by SDS-PAGE was consistent with a heteroge-
neous 55-65 kDa monomer protein (FIG. 6B), which 1s the
expected size for an IL-2 (15 kDa) and IL-2Ra. (40-50 kDa)
fusion molecule (FIG. 6), where IL-2Ra. shows size hetero-
geneity due to extensive variable glycosylation (Malek and
Korty, J. Immunol. 136:4092-4098, 1986). An immediate
consequence of IL-2-dependent signal transduction 1s tyro-
sine phosphorylation of STATS (pSTATS). Treatment of
mice with mouse IL-2/(Gly;Ser),/I1L-2Ra. resulted 1n exten-
sive and selective activation of pSTATS 1 Tregs 30 min
post-treatment (FIG. 7). Dose-response studies showed that
mouse IL-2/(Gly,Ser),/IL-2Ra. affected a number of key
activities of Tregs 1n vivo (FIG. 8). These eflects on Tregs
included: increased representation (FIG. 8A) and number
(not shown) of Tregs in the CD4" T cell compartment;
upregulation of IL-2-dependent CD25 (FIG. 8B); increased
proliferation as assess by expression of the proliferative
marker Ki67 (FIG. 8C); and increased fraction of IL-2-
dependent terminally differentiated Klrgl™ Treg subset
(FIG. 8D). These eflects were most striking for Tregs in the
spleen and the inflamed pancreas ol non-obese diabetic
(NOD) mice. 1000 units of IL-2 activity, as measured in the
standard CTLL IL-2 bioassay, associated with IL-2/
(Gly;Ser),/IL-2Ra. showed lower, but readily measurable
cllects on Tregs (FIG. 8). C37/BL6 mice treated with
IL-2/(Gly;Ser),/IL-2Ra. (2000 units of 1L-2 activity) were
compared to mice that received recombinant I1L-2 (25,000
units) or agonist complexes of 1L-2/anti-1L-2 (IL2/IC) (10,
000 units of IL-2 activity) (FIG. 9). IL-2/(Gly,Ser),/IL-2Ra.
was much more effective than recombinant IL-2 and slightly
more eflective than IL2/IC 1n mnducing persistent augmen-
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tation of Tregs and related properties (FIG. 9). These
increases 1n tolerogenic Tregs occurred at 5- and 12.5-fold
lower levels of I1L-2 activity in comparison to I1L2/IC and
recombinant IL-2, respectively. When considering IL-2-
dependent activation of pSTATS 1n Tregs directly ex vivo
(F1G. 9), these data suggest a biological hali-life of approxi-
mately 72 hours for IL-2/IL-2Ra. Pre-diabetic NOD mice
underwent a short course of treatment with low amounts of
IL-2/IL-2Ra (FIG. 10). A delay 1n the onset of diabetes was
observed 1n those mice that were treated with 800 U of 1L-2
activity associated with IL-2/IL-2R . With respect to immu-
nity, application of a single high dose of IL-2/(Gly;Ser),/
IL-2Ro. (12,000 U of IL-2 activity) also substantially
boosted CD8* T cell responses, especially long-lived
memory cells (FIG. 11). Early after immunization (day 28),
CD44" CD62L'° CD127" effector-memory (EM) cells
dominated the memory pool; however, with increasing time
CD44" CD62L" CD127" central memory (CM) cells
increased, and CM cells dominated the memory pool 202
days post-immunization (FIG. 12). Thus, IL-2/(Gly;Ser),/
IL-2Ra. functions 1 an analogous manner to recombinant
IL-2 to boost tolerogenic and immune suppressive Tregs and
immunity through increasing T eflector/memory responses,
but 1t exhibits improved pharmacokinetics by delivering
such responses: 1) at a lower eflective levels of IL-2 activity;
2) with more persistent biological responses; and 3) retain-
ing the hierarchy with Tregs responsive at lower doses than
T effector/memory cells. These findings support the notion
that IL-2/IL-2Ra fusion proteins represent an improved and
new class of drugs to deliver 1L-2 activity to selectively
boost immune tolerance or immune memory when admin-
istered at the proper dose and regimen.

[0139] IL-2/IL-2Rc. fusion proteins were also produced
that comprise human IL-2 and human IL-2Ra (FIG. 1, FIG.
2B). These cDNAs were expressed in CHO cells and the
secreted fusion proteins were purified on Nickel afhnity
chromatography based on the 6x-His tag. Fusion proteins
varted i the length of the glycine/serine linkers i an
analogous manner to those used for mouse 1L-2/1L-2Ra. All
4 of the resulting human IL-2/IL-2R o fusion proteins exhib-
ited IL-2 bioactivity using the mouse CTLL assay (FIG.
13A). Western blot analysis confirmed that human IL-2/1L-
2R also showed a heterogeneous band between 55-60 kDa
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(F1G. 13B), consistent with highly glycosylated molecules
expected for IL-2 linked to IL-2Ra. The IL-2/IL-2Ra fusion

proteins with the (G,S); and especially the (G,S), linkers
may have greater activity because less fusion protein was
seen even though equivalent amount of IL-2 activity was
loaded on each lane (FIG. 13B). The capacity of the fusion

protein to mhibit the binding of anti-IL-2Ra monoclonal
antibodies, M-A2357 and B(C96, to cells bearing human

IL-2Ra 1ndicates that IL-2Ra. of the fusion protein retained
suflicient tertiary structure to bind these antibodies (FIG.
14). However, these fusion proteins only partially inhibited
the binding of a monoclonal antibody (BC96) directed to the
IL-2 binding site of IL-2Ra, implying that IL-2 within the
IL-2/IL-2Ra fusion protein 1s spatially near the binding site
of IL-2Ra. Moreover, we estimated the specific activity of
the mouse and human IL-2/IL-2Rc fusion proteins contain-
ing the (G3S); linker to be 80 and 2000 pM, respectively, for
1 unit/ml of IL-2 bioactivity activity. These values are much
higher than the activity of recombinant IL-2, which 1s 10 pM
at 1 unit/ml. The distinct activities between human and
mouse IL-2/IL-2Ra 1s at least partially accounted for by a
relative 1neflectiveness of the human fusion protein to
support the proliferation of mouse CTLL cells 1n the bioas-
say compared to the mouse fusion proteins or mouse and
human recombinant IL-2 (not shown). These relatively low
specific activities and the antibody blocking results (FIG. 5
and FIG. 12) raised the possibility that there 1s a specific
intramolecular interaction between IL-2 and IL-2Ra 1n the
context of the fusion protein that limits the amount of I1L-2
in the fusion protein to stimulate cells bearing the IL-2R. To
directly test this notion, two arginine residues within the
IL-2 binding site of human IL-2Ra (see Robb et al., Proc.
Natl. Acad. Sci. USA, 85:5654-5658, 1988) were mutated to
threonine and serine. We detected much greater bioactivity
associated with these mutant IL-2R fusion proteins (FIG.
15); the specific activity of the mutated 1L-2/IL-2Ra fusion
proteins was estimated to be approximately 5 pM {for 1
unmit/ml of IL-2 activity, a value very similar to recombinant
IL.-2. Thus, these data indicate that human IL-2/IL.-2Rc 15
biologically active and one specific mechanism of action
that accounts for the prolonged IL-2 activity 1n these fusion
proteins 1s through a competitive interaction between the
IL-2 moiety with the IL-2 binding region of IL-2Ra. of the
fusion protein and with cells that express the IL-2R.

_
b

Summary of Segquences

No. AAB46883 IL-2
myrmgllsci alslalvtns aptssstkkt glglehllld lgmilnginn

yvknpkltrmltfkfympkka telkhlgcle eelkpleevl nlagsknfhl rprdlisnin
vivlelkgsettfmceyade tativeflnr witfcgsiis tlt

GenBank 2A2RB46883 with first 20 aa removed

form aptesgstkkt glglehllld 1lgmilnginn vknpkltrmltfkfympkka telkhlgcle
eelkpleev]l nlagsknfhl rprdlisnin vivlelkgse
ttfmceyade tativeflnr witfcgsesiis tlt

SEQ
ID AA/
NO NT source Description
1 DD Human IL-2- GenBank Acc.
unprocessed
2 FAVAY Human IL-2-mature
3 FAYAY Mouge I1L-2 Acc No. P04351

unprocessed

MYSMQLASCY TLTLVLLVNS APTSSSTSSS TAEAQQQOQO

QOOOQOOHLEQ LLMDLOELLS RMENYRNLKL PRMLTFKFYL
PKOATELKDL QCLEDELGPL RHVLDLTQSK SFQLEDAENFE

ISNIRVTVVK LKGSDNTFEC QFDDESATVV DFLRRWIAFC QSIISTSPOQ
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TABLE 1-continued

Summary of Segquences

SEQ

1D
NO

10

11

12

13

14

15

16

NT

Source

Mouge

Human

Human

Human

Mouse

Mouse

Mouse

Mouse

Degcription

I1L-2 mature
form

IL-2Ra
unprocessed
form

IL-2RERa mature
form

Mature form of
IL-2R¢
extracellular
domain

IL-2Ra
unprocessed
form

IL-2R¢ mature
form

Mature form of
IL-2Rc
extracellular
domain

(Gly3Ser)4
1linker

(Gly3Ser) 2
1linker

(Gly3Ser) 3
linker

(Gly3Ser)5
Gly3 linker

Mature form of
IL-2
(Gly4Ser) 4-
extracellular
domain of IL-2
Ra

Mature form of Acc No. P042351

MYSMOLASCV TLTLVLLVNS APTSSSTSSS TAEAQQOQQOQO
QOOOOOHLEQ LLMDLOELLS RMENYRNLKL PRMLTFKEYL
PKOATELKDL QCLEDELGPL RHVLDLTQSK SFOLEDAENF
ISNIRVTVVK LKGSDNTFEC QFDDESATVV DFLRRWIAFC QSIISTSPQ

Genebank Acc No. NP 000408.1

mdsyllmwgl ltfimvpgceqg aelcdddppe iphatfkama vkegtmlnce
ckrgfrriksgslymlctgn sshsswdngc qgcectssatrnt tkgvtpgpee
gkerkttemqg spmgpvdgaslpghcreppp weneateriy hfvvggmvyy
gevggyralh rgpaesvceckm thgktrwtgpglictgemet sgfpgeekpq

agspegrpese tasclvtttdf gigtemaatm etsiftteygvavagevill isvlllsglt
wgrrgrksrr ti

First 1-21 AA removed from NP 000408.1

elcdddppe iphatfkama vkegtmlnce ckrgfrriksgslymlctgn
sshesswdngc gctssatrnt tkgvtpgpee gkerkttemqg spmgpvddgas
lpghcreppp weneateriy hfvvgaqmvyy gevggyralh rgpaesvekm
thgktrwtgpglictgemet sqgfpgeekpq aspegrpese tsclvtttdf
gigtemaatm etgsiftteygvavagcevill isvlllsglt wgrrgrksrr ti

ELCDDDPPEIPHATFKAMAY KEGTMLNCECKRGFRRIKSGSLYMLCTGN
SSHSSWDNQCQCTSSATRNTTKOVTPQPEEQKERKTTEMOQSPMQPVD
QASLPGHCREPPPWENEATERI YHEFVVGOMVYYQCVOGYRALHRGPA
ESVCKMTHGKTRWTQPOQLICTGEMETSQF PGEEKPOQASPEGRPESETS
CLVTTTDEQIQTEMAATMETSIFEFTTEYQ

Acc No. NP 032393.3

meprllmlgf lsltivpscr aelclydppe vpnatfkals vkngtilnce
ckrgfrrlkelvymrclgns wssncgctsn shdksrkgvt aglehgkeqq

tttdmgkptg smhgenltghcrepppwkhe dskrivhfve ggsvhyecip

gykalgrgpa 1sickmkcgk tgwtgpgltcecvderehhrfl aseesggsrn

sgpesetscp itttdfpgpt ettamtetfv ltmeyvkvavasclfllisil llsgltwdghr
wrksrrti

aa 1-21 removed from Acc No. NP 032393 .3

elclydppe vpnatfkals ykngtilnce ckrgfrrlke lvymrclgns wssncgctsn
shdksrkqgvt aglehgkeqq tttdmgkptqg smhgenltgh crepppwkhe
dskrivhfve ggsvhyecip gyvkalgrgpa isickmkcecgk tgwtgpgltc
vderehhrfl aseesqggsrn sspesetscp itttdfpgpt ettamtetfw
ltmeykvava gsclfllisil llsgltwghr wrksrrti

elclydppe vpnatfkals yvkngtilnce ckrgfrrlke lvymrclgns wssncgctsn
shdksrkgvt aglehgkeqq tttdmgkptg smhgenltgh crepppwkhe
dskrivhfve ggsvhyecip gvkalgrgpa i1sickmkcecgk tgwtgpgltc
vderehhrfl aseesqgsrn sspesetscp itttdfpgpt ettamtetfv ltmevk

GGGSGEESGEGEESGEEES

GGGSGEGS

GGGSGEESEEES

GGGSGEESGEEESGEEESGGES
GGG

APTSSSTSSSTAEAQOQOQOQOQOQOQOOOOOHLEQLLMDLOELLSRMENYRN
LKLPRMLTEFKEFYLPKOATELKDLOCLEDELGPLRHVLDLTQSKSFOLEDAE
NEISNIRVIVVKLKGSDNTFECQEFDDESATVVDEFLRRWIAFCQSIISTSPO
GGEGESGEEESGELESGOGEGS ELCLYDPPEVPNATEFKALSY KNGT ILNC
ECKRGFRRLKELVYMRCLGNSWSSNCQCTSNSHDKSRKOVTAQLEHQK
EQOTTTDMQKPTQSMHQENLTGHCREPPPWKHEDSKRIYHEVEGQSY
HYECIPGYKALORGPAISICKMKCGKTGWTQPOLTCVDEREHHRFLASE
ESQGSRNSSPESETSCPITTTDFPOQPTETTAMTETEFVLTMEYK
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TABLE 1-continued

Summary of Segquences

SEQ
1D AR/
NO NT source Degcription
17 FAVAY Mouse Unprocessed MDSMOLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQOQOOOQOOOQOH
form of IL-2 LEQLLMDLOQELLSRMENYRNLKLPRMLTEFKEFYLPKOQATELKDLOCLEDEL
(Gly4Ser) 4- GPLRHVLDLTOQSKSFQLEDAENFISNIRVIVVKLKGSDNTFECQFDDESA
extracellular TVVDFLRRWIAFCQSIISTSPOGGGES GGGGSGELESGGEGSELCLYDP
domain of IL-2 PEVPNATFKALSYKNGTILNCECKRGFRRLKELVYMRCLGNSWSSNCQC
R TSNSHDKSRKOVTAQLEHQKEQOT T TDMOKPTOSMHOENLTGHCRE
PPPWKHEDSKRIYHFVEGOSVHYECIPGYKALOQRGPAISICKMKCGKTG
WTQPQLTCVDEREHHRFLASEESQGSRNSSPESETSCPITTTDEFPQPTET
TAMTETEFVLTMEYK
18 FAVAY Mouse Mature form of APTSSSTSSSTAEAQOOQOQOQOOOOOOHLEQLLMDLOELLSRMENYRN
IL-2 LKLPRMLTFKFYLPKOATELKDLOCLEDELGPLRHVLDLTQSKSFOQLEDAE
(Gly4Ser) 5- NEFISNIRVTIVVKLKGSDNTFECQFDDESATVVDEFLRRWIAFCQSIISTSPO
extracellular GGGGES GOEEESGEEESGEEESGGGGSELCLYDPPEVPNATEFKALS YKN
domain of IL-2 GTILNCECKRGFRRLKELVYMRCLGNSWSSNCOQCTSNSHDKSRKOVTA
Ra QLEHOKEQOTTTDMOKPTOSMHOENLTGHCREPPPWKHEDSKRIYHE
VEGOSVHYECIPGYKALOQRGPAIS ICKMKCGKTGWTQPQLTCVDEREH
HREFLASEESQGSRNSSPESETSCPITTTDEFPOQPTETTAMTETEFVLTMEYK
195 FAVAY Mouse Unprocessed MDSMOLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQOQOOOQOOOQOH
form of IL-2 LEQLLMDLOQELLSRMENYRNLKLPRMLTEFKEFYLPKOQATELKDLOCLEDEL
(Gly4Ser) 5- GPLRHVLDLTQSKSFOQLEDAENFISNIRVIVVKLKGSDNTFECQEFDDESA
extracellular TVVDFLRRWIAFCQSI IS TS POQGGGGS GGGLESGEEES GGLEESGEEESE
domain of IL-2 LCLYDPPEVPNATFKALSYKNGTILNCECKRGFRRLKELVYMRCLGNSWS
Ra SNCOQCTSNSHDKSRKOVTAQLEHOQKEQQTTTDMOQKPTOQSMHOENLT
GHCREPPPWKHEDSKRIYHFVEGOQSVHYECIPGYKALOQRGPAIS ICKMKC
GKTGWTQPOLTCVDEREHHRFLASEESQGSRNSSPESETSCPITTTDEPO
PTETTAMTETFVLTMEYK
20 FAVAY Mouse Mature form of APTSSSTSSSTAEAQOOQOQOQOQOOQOOOHLEQLLMDLOELLSRMENYRN
IL-2 LKLPRMLTFKFYLPKOATELKDLOCLEDELGPLRHVLDLTQSKSFOLEDAE
(Gly3Ser) 4- NEFISNIRVTIVVKLKGSDNTFECQFDDESATVVDEFLRRWIAFCQSIISTSPO
extracellular GGGSGGEESGEGSGEGES ELCLYDPPEVPNATFKALS YKNGT ILNCECKRG
domain of IL-2 FRRLKELVYMRCLGNSWS SNCQCTSNSHDKSRKOVTAQLEHOKEQQOTT
Ra TDMOKPTQSMHOQENLTGHCREPPPWKHEDSKRIYHEVEGOQSVHYECIP
GYKALORGPAISICKMKCGKTGWTOQPOLTCVDEREHHRFLASEESQGSR
NSSPESETSCPITTTDFPOQPTETTAMTETEVLTMEYK
21 FAVAY Mouse Unprocessed MDSMOLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQOQOOOQOOOQOH
form of IL-2 LEQLLMDLOELLSRMENYRNLKLPRMLTEFKEFYLPKOQATELKDLOCLEDEL
(Gly3Ser) 4- GPLRHVLDLTQSKSFOQLEDAENFISNIRVIVVKLKGSDNTFECQEFDDESA
extracellular TVVDFLRRWIAFCQSIISTSPOGGGSGGGSGGEESGOGGSELCLYDPPEVP
domain of IL-2 NATFKALSYKNGTILNCECKRGFRRLKELVYMRCLGNSWSSNCQCTSNS
Ra HDKSREKOQVTAQLEHOKEQQT TTDMOQKPTOSMHOENLTGHCREPPPW
KHEDSKRIYHFVEGOSVHYECIPGYKALORGPAIS ICKMKCGKTGWTOQP
QLTCVDEREHHRFLASEESQGSRNSSPESETSCPITTTDFPOPTETTAMTE
TEVLTMEYK
22 FAVAY human Mature form APTSSSTKKTOQLOLEHLLLDLOMI LNGINNY KNPKLTRMLTEFKEFYMPKKA
IL-2 TELKHLOCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTE
(Gly4Ser) 4- MCEYADETATIVEFLNRWITEFCOSIISTLTGGEGEES GGGEESGEEGESGEEE
extracellular SELCDDDPPEIPHATEFKAMAYKEGTMLNCECKRGFRRIKSGSLYMLCTG
domain of IL-2 NSSHSSWDNQCQCTSSATRNTTKOVITPOQPEEQKERKT TEMQS PMOPV
Ra DOASLPGHCREPPPWENEATERIYHEFVVGOMVYYQCVOGYRALHRGP
AESVCKMTHGKTRWTOQPOQLICTGEMETSQFPGEEKPOASPEGRPESET
SCLVTTTDFQIQTEMAATMETSIFTTEYQ
23 FAVAY Human Unprocessed MDRMOLLSCIALSLALVTNSAPTSSSTKKTOQLOLEHLLLDLOMI LNGINN
form IL-2 YKNPKLTRMLTFKEFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKNEFHL
(Gly4Ser) 4- RPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCQSIISTLT

eXxtracellular GGEGE5GEEESGELESGGEGSELCDDDPPEIPHATEFKAMAY KEGTML

domain of IL-2 NCECKRGFRRIKSGSLYMLCTGNSSHSSWDNQCOQCTSSATRNTTKOQVT

Ra POPEEQKERKTTEMQSPMOPVDOQASLPGHCREPPPWENEATERIYHEV
VGOMVYYQCVOGYRALHRGPAESVCKMTHGKTRWTQPQLICTGEME
TSQFPGEEKPOQASPEGRPESETSCLVTTTDEFQIQTEMAATMETSIFTTREY

Q
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TABLE 1-continued

Summary of Segquences

SEQ
1D AR/
NO NT source Degcription
24 FAVAY Human Mature form APTSSSTKKTOQLOLEHLLLDLOMI LNGINNY KNPKLTRMLTEFKEYMPKKA
IL-2 TELKHLOCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTE
(Gly3Ser) 4- MCEYADETATIVEFLNRWITEFCOQSIISTLTGGGSGGGSGEESGGGS ELCD
extracellular DDPPEIPHATFKAMAYKEGTMLNCECKRGFRRIKSGSLYMLCTGNSSHS
domain of IL-2 SWDNQCQCTSSATRNTTKOVTPOQPEEQKERKTTEMOS PMOPVDOQAS
Ra LPGHCREPPPWENEATERIYHEFVVGOMVY YQCVOGYRALHRGPAESVC
KMTHGKTRWTOQPOLICTGEMETSQFPGEEKPOASPEGRPESETSCLVTT
TDFQIQTEMAATMETSIFTTEYQ
25 FAVAY Human Unprocessed MDRMOLLSCIALSLALVITNSAPTSSSTKKTQLOLEHLLLDLOMI LNGINN
form IL-2 YKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKINEFHL
(Gly3Ser) 4- RPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCQSIISTLT
extracellular GGESGEESGEESGEES ELCDDDPPEIPHATFKAMAYKEGTMLNCECK
domain of IL-2 RGFRRIKSGSLYMLCTGNSSHSSWDNQCOQCTSSATRNTTKOVTPQPEER
Ra QKERKTTEMQSPMOPVDOQASLPGHCREPPPWENEATERIYHEVVGQ
MVYYQCVOGYRALHRGPAESVCKMTHGKTRWTQPOLICTGEMETSQF
PGEEKPOASPEGRPESETSCLVTTTDEQIQTEMAATMETS IFTTEYQ
26 FAVAY Human Mature form APTSSSTKKTOQLOLEHLLLDLOMI LNGINNY KNPKLTRMLTEFKEFYMPKKA
IL-2 TELKHLOCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTE
(Gly3Ser) 3- MCEYADETATIVEFLNRWITEFCOQSIISTLTGGGSGGGSGGGSELCDDDPP
extracellular EIPHATFKAMAYKEGTMLNCECKRGFRRIKSGSLYMLCTGNSSHSSWD
domain of IL-2 NOQCQCTSSATRNTTKOVTPOQPEEQKERKT TEMQSPMOPVDQASLPGH
Ra CREPPPWENEATERIYHEFVVGOMVYYQCVOGYRALHRGPAESVCKMT
HGKTRWTOPQLICTGEMETSQF PGEEKPOQASPEGRPESETSCLVTTTDE
QIQTEMAATMETSIFTTEYQ
277 FAVAY Human Unprocessed MDRMOLLSCIALSLALVITNSAPTSSSTKKTQLOLEHLLLDLOMI LNGINN
form of IL-2 YKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKNEFHL
(Gly3Ser) 3- RPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCQSIISTLT
extracellular GGGSGGGESGOGSELCDDDPPEI PHATFKAMAYKEGTMLNCECKRGERR
domain of IL-2 IKSGSLYMLCTGNS SHSSWDNQCQCTSSATRNTTKOQVTPOQPEEQKERKT
Ra TEMOQSPMOQPVDOQASLPGHCREPPPWENEATERI YHEFVVGOMVYYQC
VOGYRALHRGPAESVCKMTHGKTRWTQPOQLICTGEMETSQFPGEEKP
QASPEGRPESETSCLVTTTDEFQIQTEMAATMETSIFTTEYQ
28 NT  human IL-2 leader gccaccATGGACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTG
optimized CACTTGTCACAAACAGT
Kozak
sequence
29 NT Mouse Unprocessed ATGGACAGCATGCAGCTCGCATCCTGTGTCACATTGACACTTGTGCTC
form of IL-2 CTTGTCAACAGCGCACCCACTTCAAGCTCTACTTCAAGCTCTACAGCG
(Gly4Ser) 4- GAAGCACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCACCTGG

extracellular AGCAGCTGTTGATGGACCTACAGGAGCTCCTGAGCAGGATGGAGAR

domain of IL-2 TTACAGGAACCTGAAACTCCCCAGGATGCTCACCTTCAAATTTTACTT

RC GCCCAAGCAGGCCACAGAATTGAAAGATCTTCAGTGCCTAGAAGATG
ARACTTGGACCTCTGCGGCATGTTCTGGATTTGACTCAAAGCAAAAGC
TTTCAATTGGAAGATGCTGAGAATTTCATCAGCAATATCAGAGTAACT
GTTGTAAAACTAAAGGGCTCTGACAACACATTTGAGTGCCAATTCGA
TGATGAGTCAGCAACTGTGGTGGACTTTCTGAGGAGATGGATAGCCT
TCTGTCAAAGCATCATCTCAACAAGCCCTCAAggtggaggtggatctggtgy
aggtggatcaggtggaggtggatcceggtggaggtggatctGAACTGTGTCTGTATG
ACCCACCCGAGGTCCCCAATGCCACATTCAAAGCCCTCTCCTACAAGA
ACGGCACCATCCTAAACTGTGAATGCAAGAGAGGTTTCCGAAGACTA
AAGGAATTGGTCTATATGCGTTGCTTAGGAAACTCCTGGAGCAGCAA
CTGCCAGTGCACCAGCAACTCCCATGACAAATCGAGAAAGCAAGTTA
CAGCTCAACTTGAACACCAGAAAGAGCAACAAACCACAACAGACATG
CAGAAGCCAACACAGTCTATGCACCAAGAGAACCTTACAGGTCACTG
CAGGGAGCCACCTCCTTGGAAACATGAAGATTCCAAGAGAATCTATC
ATTTCGTGGAAGGACAGAGTGTTCACTACGAGTGTATTCCGGGATAC
AAGGCTCTACAGAGAGGTCCTGCTATTAGCATCTGCAAGATGAAGTG
TGGGAAAACGGGGETGGACTCAGCCCCAGCTCACATGTGTAGATGAA
AGAGAACACCACCGATTTCTGGCTAGTGAGGAATCTCAAGGAAGCA
GAAATTCTTCTCCCGAGAGTGAGACTTCCTGCCCCATAACCACCACAG
ACTTCCCACAACCCACAGAAACAACTGCAATGACGGAGACATTTGTG
CTCACAATGGAGTATAAGGGTGGACATCACCATCACCATCACTAATA
A
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30 NT Mouse Unprocessed ATGGACAGCATGCAGCTCGCATCCTGTGTCACATTGACACTTGTGCTC
form of IL-2 CTTGTCAACAGCGCACCCACTTCAAGCTCTACTTCAAGCTCTACAGCG
(Gly3Ser) 4- GAAGCACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCACCTGG
extracellular AGCAGCTGTTGATGGACCTACAGGAGCTCCTGAGCAGGATGGAGAA
domain of IL-2 TTACAGGAACCTGAAACTCCCCAGGATGCTCACCTTCAAATTTTACTT
Ra GCCCAAGCAGGCCACAGAATTGAAAGATCTTCAGTGCCTAGAAGATG

AACTTGGACCTCTGCGGCATGTTCTGGATTTGACTCAAAGCARADAGC
TTTCAATTGGAAGATGCTGAGAATTTCATCAGCAATATCAGAGTAACT
GTTGTAAAACTAAAGGGCTCTGACAACACATTTGAGTGCCAATTCGA
TGATGAGTCAGCAACTGTGGTGGACTTTCTGAGGAGATGGATAGCCT
TCTGTCAAAGCATCATCTCAACAAGCCCTCAAggtggaggttctggtggaggt
tcaggtggaggttcgggtggaggt tct GAACTGTGTCTGTATGACCCACCCGAG
GTCCCCAATGCCACATTCAAAGCCCTCTCCTACAAGAACGGCACCATC
CTAAACTGTGAATGCAAGAGAGGTTTCCGAAGACTAAAGGAATTGGET
CTATATGCGTTGCTTAGGAAACTCCTGGAGCAGCAACTGCCAGTGCA
CCAGCAACTCCCATGACAAATCGAGAAAGCAAGTTACAGCTCAACTT
GAACACCAGAAAGAGCAACAAACCACAACAGACATGCAGAAGCCAL
CACAGTCTATGCACCAAGAGAACCTTACAGGTCACTGCAGGGAGCCA
CCTCCTTGGAAACATGAAGATTCCAAGAGAATCTATCATTTCGTGGAA
GGACAGAGTGTTCACTACGAGTGTATTCCGGGATACAAGGCTCTACA
GAGAGGTCCTGCTATTAGCATCTGCAAGATGAAGTGTGGGAAAACG
GGGTGGACT CAGCCCCAGCTCACATGTGTAGATGAAAGAGAACACC
ACCGATTTCTGGCTAGTGAGGAATCTCAAGGAAGCAGAAATTCTTCT
CCCGAGAGTGAGACTTCCTGCCCCATAACCACCACAGACTTCCCACAL
CCCACAGAAACAACTGCAATGACGGAGACATTTGTGCTCACAATGGA
GTATAAGGGTGGACATCACCATCACCATCACTAATAL

31 NT Mouse Unprocessed ATGGACAGCATGCAGCTCGCATCCTGTGTCACATTGACACTTGTGCTC
form of IL-2 CTTGTCAACAGCGCACCCACTTCAAGCTCTACTTCAAGCTCTACAGCG
(Gly4Ser) 5- GAAGCACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCACCTGG
extracellular AGCAGCTGTTGATGGACCTACAGGAGCTCCTGAGCAGGATGGAGAA
domain of IL-2 TTACAGGAACCTGAAACTCCCCAGGATGCTCACCTTCAAATTTTACTT
Ra GCCCAAGCAGGCCACAGAATTGAAAGATCTTCAGTGCCTAGAAGATG

AACTTGGACCT CTGCGGCATGTTCTGGATTTGACTCAAAGCAARAGC
TTTCAATTGGAAGATGCTGAGAATTTCATCAGCAATATCAGAGTAACT
GTTGTAAAACTAAAGGGCTCTGACAACACATTTGAGTGCCAATTCGA
TGATGAGTCAGCAACTGTGGTGGACTTTCTGAGGAGATGGATAGCCT
TCTGTCAAAGCATCATCTCAACAAGCCCTCAAggtggaggtggatcaggtgy
aggtggatctggtggaggtggatcaggtggaggtggatcecggtggaggtggat ctGAAC
TGTGTCTGTATGACCCACCCGAGGTCCCCAATGCCACATTCAAAGCCC
TCTCCTACAAGAACGGCACCATCCTAAACTGTGAATGCAAGAGAGGT
TTCCGAAGACTAAAGGAATTGGTCTATATGCGTTGCTTAGGAAACTC
CTGGAGCAGCAACTGCCAGTGCACCAGCAACTCCCATGACAAATCGA
GAAAGCAAGTTACAGCTCAACTTGAACACCAGAAAGAGCAACAALCC
ACAACAGACATGCAGAAGCCAACACAGTCTATGCACCAAGAGAACCT
TACAGGTCACTGCAGGGAGCCACCTCCTTGGAAACATGAAGATTCCA
AGAGAATCTATCATTTCGTGGAAGGACAGAGTGTTCACTACGAGTGT
ATTCCGGGATACAAGGCTCTACAGAGAGGTCCTGCTATTAGCATCTG
CAAGATGAAGTGTGGGAAAACGGGETGGACT CAGCCCCAGCTCACA
TGTGTAGATGAAAGAGAACACCACCGATTTCTGGCTAGTGAGGAATC
TCAAGGAAGCAGAAATTCTTCTCCCGAGAGTGAGACTTCCTGCCCCA
TAACCACCACAGACTTCCCACAACCCACAGAAACAACTGCAATGACG
GAGACATTTGTGCTCACAATGGAGTATAAGGGTGGACATCACCATCA
CCATCACTAATAL

32 NT Human Unprocessed ATGGACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCACTT
form IL-2 GTCACAAACAGTGCACCTACTTCAAGTTCTACAAAGAAAACACAGCT
(Gly4Ser) 4- ACAACTGGAGCATTTACTGCTGGATTTACAGATGATTTTGAATGGAAT
extracellular TAATAATTACAAGAATCCCAAACTCACCAGGATGCTCACATTTAAGTT
domain of IL-2 TTACATGCCCAAGAAGGCCACAGAACTGAAACATCTTCAGTGTCTAG
Ra AAGAAGAACTCAAACCTCTGGAGGAAGTGCTAAATTTAGCTCAAAGC

AARAACTTTCACTTAAGACCCAGGGACTTAATCAGCAATATCAACGTA
ATAGTTCTGGAACTAAAGGGATCTGAAACAACATTCATGTGTGAATA
TGCTGATGAGACAGCAACCATTGTAGAATTTCTGAACAGATGGATTA
CCTTTTGTCAAAGCATCATCTCAACACTGACTggtggaggtggatctggtgga
ggtggatcaggtggaggtggatccggtggaggtggatct
GAGCTCTGTGACGATGACCCGCCAGAGATCCCACACGCCACATTCAA
AGCCATGGCCTACAAGGAAGGAACCATGTTGAACTGTGAATGCAAG

AGAGGTTTCCGCAGAATAAAALAGCGGGTCACTCTATATGCTCTGTAC
AGGAAACTCTAGCCACTCGTCCTOGGACAACCAATGTCAATGCACAL
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GCTCTGCCACTCGGAACACAACGAAACAAGTGACACCTCAACCTGAA
GAACAGAAAGALAAGGAAAACCACAGAAATGCAAAGTCCAATGCAGC
CAGTGGACCAAGCGAGCCTTCCAGGTCACTGCAGGGAACCTCCACCA
TGGGAALAATGAAGCCACAGAGAGAATT TATCATTTCGTGGETGGEGEEC
AGATGGTTTATTATCAGTGCGT CCAGGGATACAGGGCTCTACACAGA
GGTCCTGCTGAGAGCGTCTGCAAAATGACCCACGGGAAGACAAGGT
GGACCCAGCCCCAGCTCATATGCACAGGTGAAATGGAGACCAGTCA
GTTTCCAGGTGAAGAGAAGCCTCAGGCAAGCCCCGAAGGCCGTCCT
GAGAGTGAGACTTCCTGCCTCGTCACAACAACAGATTTTCAAATACA
GACAGAAATGGCTGCAACCATGGAGACGTCCATATTTACAACAGAGT
ACCAGGGTGGACATCACCATCACCATCACTAATAA

33 NT Human Unprocessed ATGGACAGGATGCAACTCCTGTCTTGCAT TGCACTAAGTCTTGCACTT
form IL-2 GTCACAAACAGTGCACCTACTTCAAGTTCTACAAAGAARAACACAGCT
(Gly3Ser) 4- ACAACTGGAGCATT TACTGCTGGATTTACAGATGATT TTGAATGGAAT
extracellular TAATAATTACAAGAATCCCAAACTCACCAGGATGCTCACATTTAAGTT
domain of IL-2 TTACATGCCCAAGAAGGCCACAGAACTGAAACATCTTCAGTGTCTAG
R AAGAAGAACTCAAACCTCTGGAGGAAGTGCTAAATTTAGCTCAAAGC
AARLALACTTTCACTTAAGACCCAGGGACTTAATCAGCAATATCAACGTA
ATAGTTCTGGAACTAAAGGGATCTGAAACAACATTCATGTGTGAATA
TGCTGATGAGACAGCAACCATTGTAGAATTTCTGAACAGATGGATTA

CCTTTTGTCAAAGCATCATCTCAACACTGACTggtggaggttctggtggaggt
tcaggtggaggttcgggtggaggt tct GAGCTCTGTGACGATGACCCGCCAGA
GATCCCACACGCCACATTCAAAGCCATGGCCTACAAGGAAGGAACCA
TGTTGAACTGTGAATGCAAGAGAGGTTTCCGCAGAATARAARGCGG
GTCACTCTATATGCTCTGTACAGGAAACTCTAGCCACTCGTCCTGGGA
CAACCAATGTCAATGCACAAGCTCTGCCACTCGGAACACAACGAAAC
AAGTGACACCTCAACCTGAAGAACAGARAGARAAGGAARNACCACAGA
AATGCAAAGTCCAATGCAGCCAGTGGACCAAGCGAGCCTTCCAGGTC
ACTGCAGGGAACCTCCACCATGGGAAAATGAAGCCACAGAGAGAAT
TTATCATTTCGTGGTGGGGCAGATGGTTTATTATCAGTGCGTCCAGG
GATACAGGGCTCTACACAGAGGTCCTGCTGAGAGCGTCTGCAARAATG
ACCCACGGGAAGACAAGGTGGACCCAGCCCCAGCTCATATGCACAG
GTGAAATGGAGACCAGTCAGTTTCCAGGTGAAGAGAAGCCTCAGGC
AAGCCCCGAAGGCCGTCCTGAGAGTGAGACTTCCTGCCTCGTCACAA
CAACAGATTTTCAAATACAGACAGAAATGGCTGCAACCATGGAGACG
TCCATATTTACAACAGAGTACCAGGGTGGACATCACCATCACCATCAC
TAATAA

34 NT Human Unprocessed ATGGACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCACTT
form of IL-2 GTCACAAACAGTGCACCTACTTCAAGTTCTACAAAGAAAACACAGCT
(Gly3Ser) 3- ACAACTGGAGCATTTACTGCTGGATTTACAGATGATTTTGAATGGAAT
extracellular TAATAATTACAAGAATCCCAAACTCACCAGGATGCTCACATTTAAGTT
domain of IL-2 TTACATGCCCAAGAAGGCCACAGAACTGAAACATCTTCAGTGTCTAG
Ra AAGAAGAACTCAAACCTCTGGAGGAAGTGCTAAATTTAGCTCAAAGC

AAAAACTTTCACTTAAGACCCAGGGACTTAATCAGCAATATCAACGTA
ATAGTTCTGGAACTAAAGGGATCTGAAACAACATTCATGTGTGAATA
TGCTGATGAGACAGCAACCATTGTAGAATTTCTGAACAGATGGATTA
CCTTTTGTCAAAGCATCATCTCAACACTGACTggtggaggttctggtggaggt
tcaggtggaggttcgGAGCTCTGTGACGATGACCCGCCAGAGATCCCACA
CGCCACATTCAAAGCCATGGCCTACAAGGAAGGAACCATGTTGAACT
GTGAATGCAAGAGAGGTTTCCGCAGAATAAAAAGCGGGTCACTCTAT
ATGCTCTGTACAGGAAACTCTAGCCACTCGTCCTGGGACAACCAATG
TCAATGCACAAGCTCTGCCACTCGGAACACAACGAAACAAGTGACAC
CTCAACCTGAAGAACAGAAAGAAAGGAAAACCACAGAAATGCAAAG
TCCAATGCAGCCAGTGGACCAAGCGAGCCTTCCAGGT CACTGCAGGG
AACCTCCACCATGGGAAAATGAAGCCACAGAGAGAATTTATCATTTC
GTGGTGGGGCAGATGGTTTATTATCAGTGCGTCCAGGGATACAGGG
CTCTACACAGAGGTCCTGCTGAGAGCGTCTGCAAAATGACCCACGGEG
AAGACAAGGTGGACCCAGCCCCAGCTCATATGCACAGGTGAAATGG
AGACCAGTCAGTTTCCAGGTGAAGAGAAGCCTCAGGCAAGCCCCGA
AGGCCGTCCTGAGAGTGAGACTTCCTGCCTCGTCACAACAACAGATT
TTCAAATACAGACAGAAATGGCTGCAACCATGGAGACGTCCATATTT
ACAACAGAGTACCAGGGTGGACATCACCATCACCATCACTAATAA
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35

36

37

38

39

40

41

42

AR/
NT

NT

NT

Source

Mouse

Mouse

Human

human

mouse

Degcription

Kozak
consensus

unprocessed
form of IL-2
(Gly3Ser) 3-
extracellular
domain of IL-2
Rt

Mature form of
IL-2
(Gly3Ser) 3-
extracellular
domain of IL-2
Rt

unprocessed
form of IL-2
(Gly4Ser) 5-
extracellular
domain of IL-2
Rt

Mature form of
human IL-2
(Gly4Ser) 5-
extracellular
domain of IL-2
Rt

Linker
sequence
(Gly4Ser)4

Linker
sequence
(Gly4Ser)5

Unprocessed
form IL-2
(Gly3Ser) 3-
extracellular
domain of IL-2
Rt

(gcc) geccRoecAUGG

MYSMOLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQOQOQOQOQOQOQOQOQQOH
LEQLLMDLOELLSRMENYRNLKLPRMLTEFKEFYLPKOQATELKDLOCLEDEL
GPLRHVLDLTQSKSFOLEDAENFISNIRVIVVKLKGSDNTEFECQEDDESA
TVVDFLRRWIAFCQSIISTSPOGGGSGGGESGGGSELCLYDPPEVPNATEFK
ALSYKNGTILNCECKRGFRRLKELVYMRCLGNSWSSNCQCTSNSHDKSR
KOVTAQLEHQKEQQTTTDMOQKPTOQSMHQENL TGHCREPPPWKHEDS
KRIYHEVEGOQSVHYECIPGY KALORGPAISICZ2 JTKMKCGKTGWTQPQLTC
VDEREHHRFLASEESQGSRNSSPESETSCPITTTDFPQPTETTAMTETEVL
TMEYK

MDSMOLASCVTLTLVLLVNSAPTSSSTSSSTAEAQOQQOOQOQOQOOOOOH
LEQLLMDLOELLSRMENYRNLKLPRMLTEFKEYLPKOATELKDLOCLEDEL
GPLRHVLDLTQSKSFOQLEDAENFISNIRVIVVKLKGSDNTEFECQEFDDESA
TVVDEFLRRWIAFCQSI ISTSPOGGGSGEGESGEGSELCLYDPPEVPNATEK
ALSYKNGTILNCECKRGFRRLKELVYMRCLGNSWSSNCQCTSNSHDKSR
KOVTAQLEHQKEQQTTTDMOQKPTOQSMHOQENLTGHCREPPPWKHEDS
KRIYHFVEGOSVHYECIPGYKALQRGPAISICKMKCGKTGWTQPQLTCY
DEREHHRFLASEESQGSRNSSPESETSCPITTTDEFPOQPTETTAMTETEVLT
MEYK

MDRMOLLSCIALSLALVTNSAPTSSSTKKTOQLOLEHLLLDLOMI LNGINN
YKNPKLTRMLTFKEFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKNEFHL
RPRDLISNINVIVLELKGSETTEFMCEYADETATIVEFLNRWITEFCQSIISTLT
GGGESGGEEESGELESGEGEESGGOGSELCDDDPPEI PHATFKAMAYK
EGTMLNCECKRGFRRIKSGSLYMLCTGNS SHSSWDNQCQCTSSATRNT
TKOVITPOQPEEQKERKT TEMOSPMOPVDOQASLPGHCREPPPWENEATE
RIYHEVVGOMVYYQCVOQGYRALHRGPAESVCKMTHGKTRWTQPOQLIC
TGEMETSQFPGEEKPOQASPEGRPESETSCLVITTTDFQIQTEMAATMETS
IFTTEYQ

APTSSSTKKTOQLOLEHLLLDLOMI LNGINNY KNPKLTRMLTEKEYMPKEKA
TELKHLOQCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTE
MCEYADETATIVEFLNRWITFCQSIISTLTGGGGS GGGGSGLEGEESGGEGE
SGGGGSELCDDDPPEI PHATFKAMAYKEGTMLNCECKRGFRRIKSGSLY
MLCTGNSSHSSWDNQCQCTSSATRNTTKOVTPOPEEQKERKTTEMOS
PMOPVDQASLPGHCREPPPWENEATERIYHEFVVGOMVYYQCVOGYR
ALHRGPAESVCKMTHGKTRWTQPOQLICTGEMETSQFPGEEKPQASPEG
RPESETSCLVTTTDEFQIQTEMAATMETSIEFTTEYQ

GGEGGESGEEESGEEEESGEEEES

GGGGESGGEEESGEEESGEEES GGGEES

ATGGACAGCATGCAGCTCGCATCCTGTGTCACATTGACACTTGTGCTC
CTTGTCAACAGCGCACCCACTTCAAGCTCTACTTCAAGCTCTACAGCG
GAAGCACAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCACCTGG
AGCAGCTGTTGATGGACCTACAGGAGCTCCTGAGCAGGATGGAGAA
TTACAGGAACCTGAAACT CCCCAGGATGCTCACCTTCAAATTTTACTT
GCCCAAGCAGGCCACAGAATTGAAAGATCTTCAGTGCCTAGAAGATG
AACTTGGACCTCTGCGGCATGTTCTGGATTTGACT CAAAGCARAALAGC
TTTCAATTGGAAGATGCTGAGAATTTCATCAGCAATATCAGAGTAACT
GTTGTAAAACTAAAGGGCTCTGACAACACATTTGAGTGCCAATTCGA
TGATGAGTCAGCAACTGTGGTGGACTT TCTGAGGAGATGGATAGCCT
TCTGTCAAAGCATCATCTCAACAAGCCCTCAAGGTGGAGGTTCTGET
GGAGGTTCAGGTGGAGGT TCGGAACTGTGTCTGTATGACCCACCCGA
GGTCCCCAATGCCACATTCAAAGCCCTCTCCTACAAGAACGGCACCAT
CCTAAACTGTGAATGCAAGAGAGGTTTCCGAAGACTAAAGGAATTGG
TCTATATGCGTTGCTTAGGAAACTCCTGGAGCAGCAACTGCCAGTGC
ACCAGCAACTCCCATGACAAATCGAGAAAGCAAGT TACAGCTCAACT
TGAACACCAGAALAGAGCAACARAACCACAACAGACATGCAGAAGCCA
ACACAGTCTATGCACCAAGAGAACCTTACAGGT CACTGCAGGGAGCC

ACCTCCTTGGAAACATGAAGATTCCAAGAGAATCTATCATTTCGTGGA
AGGACAGAGTGTTCACTACGAGTGTAT TCCGGGATACAAGGCTCTAC
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AGAGAGGTCCTGCTATTAGCATCTGCAAGATGAAGTGTGGGAAAAC
GGGGTGGACTCAGCCCCAGCTCACATGTGTAGATGAAAGAGAACAC
CACCGATTTCTGGCTAGTGAGGAATCTCAAGGAAGCAGAAATTCTTC
TCCCGAGAGTGAGACT TCCTGCCCCATAACCACCACAGACTTCCCACA
ACCCACAGAAACAACTGCAATGACGGAGACATTTGTGCTCACAATGG
AGTATAAGGGTGGACATCACCATCACCATCACTAATAA
43 FAVAY Human Mature form APTSSSTKKTOLOLEHLLLDLOMI LNGINNY KNPKLTRMLTEKEYMPKEKA
IL-2 TELKHLOCLEEELKPLEEVLNLAOQSKNFHLRPRDLISNINVIVLELKGSETTE
(Gly3Ser) 2- MCEYADETATIVEFLNRWITEFCOSIISTLTGGGSGGGSELCDDDPPEIPHA
extracellular TFKAMAYKEGTMLNCECKRGFRRIKSGSLYMLCTGNS SHS SWDNOQCQC
domain of IL-2 TSSATRNTTKOVITPOPEEQKERKTTEMOS PMOPVDOASLPGHCREPPP
Ra WENEATERIYHEVVGOMVYYQCVOGYRALHRGPAESYVCKMTHGKTR
WTQPQLICTGEMETSQFPGEEKPOASPEGRPESETSCLVITTTDEFQIQTE
MAATMETSIFTTEYQ
44 FAVAY Human Unprocessed MDRMOLLSCIALSLALVTNSAPTSSSTKKTOQLOLEHLLLDLOMI LNGINN
form IL-2 YKNPKLTRMLTFKEFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKNEFHL
(Gly3Ser) 2- RPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCOQSIISTLT
extracellular GGGESGGGESELCDDDPPEI PHATFKAMAYKEGTMLNCECKRGEFRRIKSGS
domain of IL-2 LYMLCTGNSSHSSWDNQCOQCTSSATRNTTKOVTPOQPEEQKERKTTEM
Ra QSPMOPVDOASLPGHCREPPPWENEATERIYHEVVGOMVY YOCVQG
YRALHRGPAESVCKMTHGKTRWTQPOQLICTGEMETSQFPGEEKPQASP
EGRPESETSCLVITTTDFQIQTEMAATMETSIEFTTEYQ
45 FAVAY Human Mature form APTSSSTKKTOQLOLEHLLLDLOMI LNGINNY KNPKLTRMLTEFKEFYMPKKA
IL-2 (Gly3)- TELKHLOCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTE
extracellular MCEYADETATIVEFLNRWITEFCOQSIISTLTGGGELCDDDPPEIPHATEFKA
domain of IL-2 MAYKEGTMLNCECKRGFRRIKSGSLYMLCTGNSSHSSWDNQCOQCTSSA
Ra TRNTTKOVTPOPEEQKERKTTEMOSPMOPVDQASLPGHCREPPPWEN
EATERIYHEVVGOMVYYQCVQGYRALHRGPAESVCKMTHGKTRWTQP
QLICTGEMETSQFPGEEKPOQASPEGRPESETSCLVTTTDEFQIQTEMAAT
METSIFTTEYQ
16 FAVAY Human Unprocessed MDRMOLLSCIALSLALVITNSAPTSSSTKKTQLOLEHLLLDLOMI LNGINN
form IL-2 YKNPKLTRMLTFKEFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKNEFHL
(Gly3) - RPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCQSIISTLT
extracellular GGGELCDDDPPEIPHATFKAMAYKEGTMLNCECKRGFRRIKSGSLYMLC
domain of IL-2 TGNSSHSSWDNQCQCTSSATRNTTKOVITPOPEEQKERKTTEMQS PMO
Ra PVDOQASLPGHCREPPPWENEATERIYHEFVVGOMVY YQCVOGYRALHR
GPAESVCKMTHGKTRWTOQPQLICTGEMETSQFPGEEKPOQASPEGRPES
ETSCLVTTTDFQIQTEMAATMETSIFTTEYQ
477 NT Human Unprocessed ATGGACAGGATGCAACTCCTGTCT TGCATTGCACTAAGTCTTGCACTT
form IL-2 GTCACAAACAGTGCACCTACTTCAAGTTCTACAAAGAALAACACAGCT
(Gly3Ser) 2- ACAACTGGAGCATT TACTGCTGGATTTACAGATGATT TTGAATGGAAT

extracellular TAATAATTACAAGAATCCCAAACTCACCAGGATGCTCACATTTAAGTT

domain of IL-2 TTACATGCCCAAGAAGGCCACAGAACTGAAACATCTTCAGTGTCTAG

R ARAGAAGAACTCAAACCTCTGGAGGAAGTGCTAAATTTAGCTCAAAGC
ARRAACTTTCACTTAAGACCCAGGGACTTAATCAGCAATATCAACGTA
ATAGTTCTGGAACTAAAGGGAT CTGAAACAACATTCATGTGTGAATA
TGCTGATGAGACAGCAACCATTGTAGAATTTCTGAACAGATGGATTA
CCTTTTGTCAAAGCATCATCTCAACACTGACTggtggaggttctggtggaggt
tcaGAGCTCTGTGACGATGACCCGCCAGAGATCCCACACGCCACATTC
ARARAGCCATGGCCTACAAGGAAGGAACCATGTTGAACTGTGAATGCA
AGAGAGGTTTCCGCAGAATAARAAGCGGGTCACTCTATATGCTCTGT
ACAGGAAACTCTAGCCACTCGTCCTGGGACAACCAATGTCAATGCAC
AAGCTCTGCCACTCGGAACACAACGAAACAAGTGACACCTCAACCTG
AAGAACAGARAAGAADGGAAAACCACAGAAATGCAAAGTCCAATGCA
GCCAGTGGACCAAGCGAGCCTTCCAGGTCACTGCAGGGAACCTCCAC
CATGGGAAAATGAAGCCACAGAGAGAATTTATCATTTCGTGGTGGEG
GCAGATGGTTTATTATCAGTGCGTCCAGGGATACAGGGCTCTACACA
GAGGTCCTGCTGAGAGCGTCTGCAAAATGACCCACGGGAAGACAAG
GTGGACCCAGCCCCAGCTCATATGCACAGGTGAAATGGAGACCAGTC
AGTTTCCAGGTGAAGAGAAGCCTCAGGCAAGCCCCGAAGGCCGTCC
TGAGAGTGAGACTTCCTGCCTCGTCACAACAACAGATTTTCAAATACA
GACAGAAATGGCTGCAACCATGGAGACGTCCATATTTACAACAGAGT
ACCAGGGTGGACATCACCATCACCATCACTAATAA
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48 NT Human Unprocessed ATGGACAGGATGCAACTCCTGTCTTGCAT TGCACTAAGTCTTGCACTT
form IL-2 GTCACAAACAGTGCACCTACTTCAAGTTCTACAAAGAARAACACAGCT
(Gly3) - ACAACTGGAGCATT TACTGCTGGATTTACAGATGATT TTGAATGGAAT
eXxtracellular TAATAATTACAAGAATCCCARAACTCACCAGGATGCTCACATTTAAGTT
domain of IL-2 TTACATGCCCAAGAAGGCCACAGAACTGAAACATCTTCAGTGTCTAG
R AAGAAGAACTCAAACCTCTGGAGGAAGTGCTAAATTTAGCTCAAAGC

AARLALACTTTCACTTAAGACCCAGGGACTTAATCAGCAATATCAACGTA
ATAGTTCTGGAACTAAAGGGAT CTGAAACAACATTCATGTGTGAATA
TGCTGATGAGACAGCAACCATTGTAGAATTTCTGAACAGATGGATTA
CCTTTTGTCAAAGCATCATCTCAACACTGACTggtggaggtGAGCTCTGT
GACGATGACCCGCCAGAGATCCCACACGCCACATTCAAAGCCATGGEC
CTACAAGGAAGGAACCATGT TGAACTGTGAATGCAAGAGAGGTTTCC
GCAGAATAAAALAGCGGGTCACTCTATATGCTCTGTACAGGAAACTCT
AGCCACTCGTCCTGGGACAACCAATGTCAATGCACAAGCTCTGCCAC
TCGGAACACAACGAAACALAGTGACACCTCAACCTGAAGAACAGARAA
GAAAGGAARAACCACAGAAATGCAAAGTCCAATGCAGCCAGTGGACC
AAGCGAGCCTTCCAGGTCACTGCAGGGAACCTCCACCATGGGAARAAT
GAAGCCACAGAGAGAATTTATCATTTCGTGGTGGGGCAGATGGTTTA
TTATCAGTGCGTCCAGGGATACAGGGC TCTACACAGAGGTCCTGCTG
AGAGCGTCTGCAAAATGACCCACGGGAAGACAAGGTGGACCCAGCC
CCAGCTCATATGCACAGGTGAAATGGAGACCAGTCAGTTTCCAGGTG
AAGAGAAGCCTCAGGCAAGCCCCGAAGGCCGETCCTGAGAGTGAGALC
TTCCTGCCTCGTCACAACAACAGATTTTCAAATACAGACAGAAATGGC
TGCAACCATGGAGACGTCCATATTTACAACAGAGTACCAGGGTGGAC
ATCACCATCACCATCACTAATAAL

49 NT Human Unprocessed ATGGACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCACTT
form IL-2 GTCACAAACAGTGCACCTACTTCAAGTTCTACAAAGAAAACACAGCT
(Gly4Ser) 5- ACAACTGGAGCATTTACTGCTGGATTTACAGATGATTTTGAATGGAAT
extracellular TAATAATTACAAGAATCCCAAACT CACCAGGATGCTCACATTTAAGTT
domain of IL-2 TTACATGCCCAAGAAGGCCACAGAACTGAAACATCTTCAGTGTCTAG
Ra AAGAAGAACTCARAACCTCTGGAGGAAGTGCTAAATTTAGCTCAAAGC

ARRAACTTTCACTTAAGACCCAGGGACTTAATCAGCAATATCAACGTA
ATAGTTCTGGAACTAAAGGGATCTGAAACAACATTCATGTGTGAATA
TGCTGATGAGACAGCAACCATTGTAGAATTTCTGAACAGATGGATTA
CCTTTTGTCAAAGCATCATCTCAACACTGACTggtggaggtggatcaggtgga
ggtggatctggtggaggtggatcaggtggaggtggatcecggtggaggtggatctGAGCT
CTGTGACGATGACCCGCCAGAGATCCCACACGCCACATTCAAAGCCA
TGGCCTACAAGGAAGGAACCATGTTGAACTGTGAATGCAAGAGAGG
TTTCCGCAGAATAAAAAGCGGGTCACTCTATATGCTCTGTACAGGAL
ACTCTAGCCACTCGTCCTGGGACAACCAATGTCAATGCACAAGCTCTG
CCACTCGGAACACAACGAAACAAGTGACACCTCAACCTGAAGAACAG
ARAAGAAAGGARADNACCACAGAAATGCAAAGTCCAATGCAGCCAGTGE
ACCAAGCGAGCCTTCCAGGT CACTGCAGGGAACCTCCACCATGGGAA
AATGAAGCCACAGAGAGAATTTATCATTTCGTGGTGGGGCAGATGGET
TTATTATCAGTGCGTCCAGGGATACAGGGCTCTACACAGAGGTCCTG
CTGAGAGCGTCTGCAAAATGACCCACGGGAAGACAAGGTGGACCCA
GCCCCAGCTCATATGCACAGGTGAAATGGAGACCAGTCAGTTTCCAG
GTGAAGAGAAGCCT CAGGCAAGCCCCGAAGGCCGTCCTGAGAGTGA
GACTTCCTGCCTCGTCACAACAACAGATTTTCAAATACAGACAGAAAT
GGCTGCAACCATGGAGACGTCCATATTTACAACAGAGTACCAGGGTG
GACATCACCATCACCATCACTAATAA

50 Al (GlyéSer)B GGG GLEEESEEEES
linker

51 FAYAY (Gly4Ser)2 GGEEGESGGEGEGES
linker

L2 FAYAY (Gly4Ser)l GGGEGES
linker

53 NT Kozak gccaccATGG
sequence

54 FAVAY Mouse Unprocessed MDSMOLASCVTLTLVLLVNSAPTSSSTSSSTAEAQOQQOOQOQOQOOQOQOH
form of IL-2 LEQLLMDLOELLSRMENYRNLKLPRMLTEFKEYLPKOATELKDLOCLEDEL
(Gly4Ser) 4- GPLRHVLDLTQSKSFOLEDAENFISNIRVIVVKLKGSDNTEFECQEFDDESA

extracellular TVVDFLRRWIAFCQSI ISTSPOGGGESGGEESGEEESGLEGSELCLYDP
domain of IL-2 PEVPNATFKALSYKNGTILNCECKRGFRRLKELVYMRCLGNSWSSNCQC
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TABLE 1-continued

Summary of Segquences

SEQ

1D AR/

NO NT source Degcription
Ra + glycine TSNSHDKSRKOVTAQLEHQKEQQTTTDMOKPTOSMHOENL TGHCRE
spacer and PPPWKHEDSKRIYHFVEGOSVHYECIPGYKALOQRGPAISICKMKCGKTG
poly-histidine WTQPOQLTCVDEREHHRFLASEESOGSRNSSPESETSCPITTTDEFPQPTET
reglion TAMTETEVLTMEY KGGHHHHHH

55 FAVAY Mouse Unprocessed MDSMOLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQOQOOOQOOOQOH
form of IL-2 LEQLLMDLOELLSRMENYRNLKLPRMLTEFKEFYLPKOATELKDLOCLEDEL
(Gly4Ser) 5- GPLRHVLDLTOSKSFOLEDAENFISNIRVITVVKLKGSDNTFECQEFDDESA
extracellular TVVDFLRRWIAFCQSIISTSPOQGGGEGS GGGESGEEESGGEEESGEEESE
domain of IL-2 LCLYDPPEVPNATFKALSYKNGTILNCECKRGFRRLKELVYMRCLGNSWS
Ra + glycine SNCOQCTSNSHDKSRKOVTAQLEHOQKEQQTTTDMOKPTOQSMHOENLT
spacer and GHCREPPPWKHEDSKRIYHEFVEGOSVHYECI PGYKALORGPAISICKMEKC
poly-histidine GKTGWTQPOLTCVDEREHHRFLASEESQGSRNSSPESETSCPITTTDEPOQ
reglion PTETTAMTETEFVLTMEYKGGHHHHHH

56 FAVAY Mouse Unprocessed MDSMOLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQOQOQOQOQOOQOQOH
form of IL-2 LEQLLMDLOELLSRMENYRNLKLPRMLTEFKEFYLPKOATELKDLOCLEDEL
(Gly3Ser) 4- GPLRHVLDLTOQSKSFOQLEDAENFISNIRVIVVKLKGSDNTFECQEFDDESA
extracellular TVVDFLRRWIAFCOQSIISTSPOGGGSGGGSGGGSGOGGSELCLYDPPEVP
domain of IL-2 NATFKALSYKNGTILNCECKRGFRRLKELVYMRCLGNSWSSNCQCTSNS
Ra + glycine HDKSREKOQVTAQLEHOKEQQT TTDMOKPTOSMHOENLTGHCREPPPW
spacer and KHEDSKRIYHEFVEGOSVHYECIPGYKALQRGPAIS ICKMKCGKTGWTQP
poly-histidine QLTCVDEREHHREFLASEESQGSRNSSPESETSCPITTTDEFPQPTETTAMTE
reglion TEVLTMEYKGGHHHHHH

577 FAVAY Mouse Mature form of MDSMOLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQOQOOOQOOOQOH
IL-2 LEQLLMDLOELLSRMENYRNLKLPRMLTEFKEFYLPKOATELKDLOCLEDEL
(Gly3Ser) 3- GPLRHVLDLTOQSKSFOQLEDAENFISNIRVIVVKLKGSDNTFECQEFDDESA
extracellular TVVDFLRRWIAFCQSIISTSPOGGGSGGGSGGGSELCLYDPPEVPNATEFK
domain of IL-2 ALSYKNGTILNCECKRGFRRLKELVYMRCLGNSWSSNCQCTSNSHDKSR
Ra + glycine KOVTAQLEHQKEQQTTTDMOKPTOSMHOQENLTGHCREPPPWKHEDS
spacer and KRIYHFVEGOSVHYECIPGYKALORGPAISICKMKCGKTGWTQPQLTCY
poly-histidine DEREHHRFLASEESQGSRNSSPESETSCPITTTDEFPOPTETTAMTETEVLT
reglion MEYKGGHHHHHH

58 FAVAY Human Unprocessed MDRMOLLSCIALSLALVTNSAPTSSSTKKTQLOLEHLLLDLOMI LNGINN
form IL-2 YKNPKLTRMLTFKEFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKNEFHL
(Gly3Ser) 2- RPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCOQSIISTLT
extracellular GGGSGGGSELCDDDPPEI PHATFKAMAYKEGTMLNCECKRGEFRRIKSGS
domain of IL-2 LYMLCTGNSSHSSWDNQCOQCTSSATRNTTKOVITPOQPEEQKERKTTEM
Ra + glycine QSPMOPVDOASLPGHCREPPPWENEATERIYHEVVGOMVY YOCVQG
spacer and YRALHRGPAESVCKMTHGKTRWTQPOQLICTGEMETSQFPGEEKPQASP
poly-histidine EGRPESETSCLVITTTDFQIQTEMAATMETSIFTTEYOGGHHHHHH
reglion

59 FAVAY Human Unprocessed MDRMOLLSCIALSLALVITNSAPTSSSTKKTQLOLEHLLLDLOMI LNGINN
form of IL-2 YKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKINEFHL
(Gly3Ser) 3- RPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCQSIISTLT
extracellular GGGESGEGESGEESELCDDDPPEI PHATFKAMAYKEGTMLNCECKRGERR
domain of IL-2 IKSGSLYMLCTGNSSHSSWDNQCQCTSSATRNTTKOQVTPOQPEEQKERKT
Ra + glycine TEMOQSPMOQPVDQASLPGHCREPPPWENEATERI YHEVVGOMVYYQC
spacer and VOGYRALHRGPAESVCKMTHGKTRWTQPOQLICTGEMETSQFPGEEKP
poly-histidine QASPEGRPESETSCLVTTTDEFQIQTEMAATMETSIFTTEYQGGHHHHHH
reglion

60 FAVAY Human Unprocessed MDRMOLLSCIALSLALVTNSAPTSSSTKKTOQLOLEHLLLDLOMI LNGINN
form IL-2 YKNPKLTRMLTFKEFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKNEFHL
(Gly3Ser) 4- RPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCOQSIISTLT
extracellular GGGSGGESGOGSGGGS ELCDDDPPEIPHATFKAMAYKEGTMLNCECK
domain of IL-2 RGFRRIKSGSLYMLCTGNSSHSSWDNQCQCTSSATRNTTKOVTPOPEER
Ra + glycine QKERKTTEMQSPMOPVDOQASLPGHCREPPPWENEATERIYHEVVGQ
spacer and MVYYOQCVOGYRALHRGPAESVCKMTHGKTRWTQPOLICTGEMETSQF
poly-histidine PGEEKPOQASPEGRPESETSCLVTTTDFQIQTEMAATMETS IFTTEYQGGH
region HHHHH

61 FAVAY Human Unprocessed MDRMOLLSCIALSLALVITNSAPTSSSTKKTQLOLEHLLLDLOMI LNGINN
form IL-2 YKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKNEFHL
(Gly4Ser) 4- RPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITEFCQSIISTLT

extracellular GGGGESGGEEESGELESGOEGSELCDDDPPEIPHATEFKAMAY KEGTML
domain of IL-2 NCECKRGFRRIKSGSLYMLCTGNSSHSSWDNQCOQCTSSATRNTTKOQVT
Ra + glycine POPEEQKERKTTEMOQSPMOPVDOQASLPGHCREPPPWENEATERIYHEV
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TABLE 1-continued

Summary of Segquences

SEQ
1D
NO

62

63

64

65

AR/
NT

FAVAY

NT

FAVAY

NT

Source

Human

Human

Human

Human

Degcription

spacer and

poly-histidine

regilion

Mature form
IL-2
(Gly3Ser) 3-
extracellular
domain of
mutIL-2 R«

Unprocessed
form IL-2
(Gly3Ser) 3-
extracellular
domain of
mutIL-2 R«
Mut

Mature form
IL-2
(Gly4Ser) 4-
extracellular
domain of
mutIL-2 R«

Unprocessed
form IL-2
(Gly4Ser) 4-
extracellular
domain of
mutIL-2 R«

VGOMVYYQCVOGYRALHRGPAESVCKMTHGKTRWTQPOQL I CTGEME
TSQFPGEEKPOQASPEGRPESETSCLVTTTDEFQIQTEMAATMETSIFTTREY
QGGHHHHHH

APTSSSTKKTOQLOLEHLLLDLOMI LNGINNY KNPKLTRMLTEKE YMPKEKA
TELKHLOQCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTE
MCEYADETATIVEFLNRWITEFCOQSIISTLTGGGSGGGESGOGGES ELCDDDPP
EIPHATFKAMAYKEGTMLNCECKRGFTSIKSGSLYMLCTGNS SHSSWDN
QCOCTSSATRNTTKOVTPOQPEEQKERKTTEMQS PMOPVDOASLPGHC
REPPPWENEATERIYHEVVGOMVYYQCVOGYRALHRGPAESVCKMTH
GKTRWTQPQLICTGEMET SQFPGEEKPOASPEGRPESETSCLVTTTDEQI
QTEMAATMETSIFTTEYQ

ATGGACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCACTT
GTCACAAACAGTGCACCTACTTCAAGTTCTACAAAGAAAACACAGCT
ACAACTGGAGCATTTACTGCTGGATTTACAGATGATTTTGAATGGAAT
TAATAATTACAAGAATCCCAAACT CACCAGGATGCTCACATTTAAGTT
TTACATGCCCAAGAAGGCCACAGAACTGAAACATCTTCAGTGTCTAG
AAGAAGAACTCAAACCTCTGGAGGAAGTGCTAAATTTAGCTCAAAGC
AARAACTTTCACTTAAGACCCAGGGACTTAATCAGCAATATCAACGTA
ATAGTTCTGGAACTAAAGGGATCTGAAACAACATTCATGTGTGAATA
TGCTGATGAGACAGCAACCATTGTAGAATTTCTGAACAGATGGATTA
CCTTTGTCAAAGCATCATCTCAACACTGACTggtggaggttectggtggaggt
tcaggtggaggttcgGAGCTCTGTGACGATGACCCGCCAGAGATCCCACA
CGCCACATTCAAAGCCATGGCCTACAAGGAAGGAACCATGTTGAACT
GTGAATGCAAGAGAGGTTTCACCTCAATAAAALAGCGGGTCACTCTAT
ATGCTCTGTACAGGAAACTCTAGCCACTCGTCCTGGGACAACCAATG
TCAATGCACAAGCTCTGCCACTCGGAACACAACGAAACALAGTGACAC
CTCAACCTGAAGAACAGAAAGAAAGGAAANCCACAGAAATGCARAG
TCCAATGCAGCCAGTGGACCAAGCGAGCCTTCCAGGTCACTGCAGGG
AACCTCCACCATGGGAALAATGAAGCCACAGAGAGAATTTATCATTTC
GTGGTGGGGCAGATGGTTTATTATCAGTGCGTCCAGGGATACAGGG
CTCTACACAGAGGTCCTGCTGAGAGCGTCTGCAAAATGACCCACGGG
AAGACAAGGTGGACCCAGCCCCAGCTCATATGCACAGGTGAAATGE
AGACCAGTCAGTTTCCAGGTGAAGAGAAGCCTCAGGCAAGCCCCGA
AGGCCGTCCTGAGAGTGAGACTTCCTGCCTCGTCACAACAACAGATT
TTCAAATACAGACAGAAATGGCTGCAACCATGGAGACGTCCATATTT
ACAACAGAGTACCAGGGTGGACATCACCATCACCATCACTAATAA

APTSSSTKKTOQLOLEHLLLDLOMI LNGINNY KNPKLTRMLTEKE YMPKEKA
TELKHLOQCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTE
MCEYADETATIVEFLNRWITEFCQSIISTLTGGEGEGES GGGEGESGEGEESEGEEGE
SELCDDDPPEIPHATFKAMAYKEGTMLNCECKRGEF TS IKSGSLYMLCTG
NSSHSSWDNQCQCTSSATRNTTKOVIPOQPEEQKERKT TEMOS PMOPV
DOASLPGHCREPPPWENEATERIYHEVVGOMVYYQCVOGYRALHRGP
AESVCKMTHGKTRWTQPOQLICTGEMET SQFPGEEKPQASPEGRPESET
SCLVTTTDFQIQTEMAATMETSIFTTEYQ

ATGGACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCACTT
GTCACAAACAGTGCACCTACTTCAAGTTCTACAAAGAAARACACAGCT
ACAACTGGAGCATTTACTGCTGGATTTACAGATGATTTTGAATGGAAT
TAATAATTACAAGAATCCCAAACT CACCAGGATGCTCACATTTAAGTT
TTACATGCCCAAGAAGGCCACAGAACTGAAACATCTTCAGTGTCTAG
AAGAAGAACTCAAACCTCTGGAGGAAGTGCTAAATTTAGCTCAAAGC
AARAACTTTCACTTAAGACCCAGGGACTTAATCAGCAATATCAACGTA
ATAGTTCTGGAACTAAAGGGATCTGAAACAACATTCATGTGTGAATA
TGCTGATGAGACAGCAACCATTGTAGAATTTCTGAACAGATGGATTA
CCTTTTGTCAAAGCATCATCTCAACACTGACTggtggaggtggatctggtgga
ggtggatcaggtggaggtggatccggtggaggtggatcet
GAGCTCTGTGACGATGACCCGCCAGAGATCCCACACGCCACATTCAA
AGCCATGGCCTACAAGGAAGGAACCATGTTGAACTGTGAATGCAAG
AGAGGTTTCACCTCAATAAADAGCGGGTCACTCTATATGCTCTGTACA
GGAAACTCTAGCCACTCGTCCTGGGACAACCAATGTCAATGCACAAG
CTCTGCCACTCGGAACACAACGAAACAAGTGACACCTCAACCTGAAG
AACAGAALAGARAGGAADAACCACAGAAATGCAAAGTCCAATGCAGCC
AGTGGACCAAGCGAGCCTTCCAGGTCACTGCAGGGAACCTCCACCAT
GGGAAAATGAAGCCACAGAGAGAATTTATCATTTCGTGGTGGGEGECA
GATGGTTTATTATCAGTGCGTCCAGGGATACAGGGCTCTACACAGAG
GTCCTGCTGAGAGCGTCTGCAAAATGACCCACGGGAAGACAAGGETG

GACCCAGCCCCAGCTCATATGCACAGGTGAAATGGAGACCAGTCAGT
TTCCAGGTGAAGAGAAGCCT CAGGCAAGCCCCGAAGGCCGTCCTGA

.16, 2023
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TABLE 1-continued

Summary of Segquences

SEQ
1D AR/
NO NT source Degcription

GAGTGAGACTTCCTGCCTCGTCACAACAACAGATTTTCAAATACAGAC
AGAAATGGCTGCAACCATGGAGACGTCCATATT TACAACAGAGTACC
AGGGTGGACATCACCATCACCATCACTAATAA

[0140] All publications and patent applications mentioned [0141] Although the iforegoing invention has been

in the specification are indicative of the level of those skilled
in the art to which this invention pertains. All publications

described in some detail by way of 1llustration and example

and patent applications are herein incorporated by reference for purposes of clarity of understanding, 1t will be obvious

to the same extent as 1f each individual publication or patent
application was specifically and individually indicated to be

incorporated by reference.

that certain changes and modifications may be practiced

within the scope of the appended claims.

SEQUENCE LISTING

Sequence total quantity: 65

SEQ ID NO: 1
FEATURE
source

SEQUENCE: 1
MYRMOLLSCI ALSLALVTNS

TFKFYMPKKA TELKHLOCLE
TTEMCEYADE TATIVEFLNR

SEQ ID NO: 2
FEATURE
source

SEQUENCE: 2
APTSSSTKKT QLOQLEHLLLD
EELKPLEEVL NLAQSKNFHL
WITFCQSIIS TLT

SEQ ID NO: 3
FEATURE

SOuUrce

SEQUENCE: 3

MYSMOQLASCYV TLTLVLLVNS
RMENYRNLKL PRMLTEFKEYL
ISNIRVITVVK LKGSDNTFEC

SEQ ID NO: 4
FEATURE
source

SEQUENCE: 4

APTSS5STSSS TAEAQQQQQQO
PKOATELKDL QCLEDELGPL
QFDDESATVV DFLRRWIAFC

SEQ ID NO: b
FEATURE
source

SEQUENCE: b5

MDSYLLMWGL LTFIMVPGCQ
GSLYMLCTGN SSHSSWDNQC
LPGHCREPPP WENEATERIY
QLICTGEMET SQFPGEEKPQ

moltype = AA length = 153
Location/Qualifiers

1..153
mol type = proteiln
organism = Homo sapilens

APTSSSTKKT QLOQLEHLLLD LOMILNGINN YKNPKLTRML 60
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
WITFCQSIIS TLT 153

moltype = AA length = 133
Location/Qualifiers

1..133
mol type = proteiln
organism = Homo gapiens

LOMILNGINN YKNPKLTRML TEFKEYMPKKA TELKHLQCLE 60
RPRDLISNIN VIVLELKGSE TTEFMCEYADE TATIVEFLNR 120
133

moltype = AA length = 169
Location/Qualifiers

1..169
mol type = proteiln
organism = Mus musculus

APTSSSTSSS TAEAQOQOOQQ QOOQOQOOHLEQ LLMDLOELLS 60
PKOATELKDL QCLEDELGPL RHVLDLTQSK SFQLEDAENE 120
QFDDESATVV DFLRRWIAFC QSIISTSPQ 1695

moltype = AA length = 149
Location/Qualifiers

1..149
mol type = proteiln
organism = Mus musculus

QOOQOOOHLEQ LLMDLOELLS RMENYRNLKL PRMLTEFKEFYL 60
RHVLDLTQSK SFQLEDAENF ISNIRVTVVK LKGSDNTFEC 120

QSIISTSPOQ 1495

moltype = AA length = 272
Location/Qualifiers

1..272
mol type = proteiln
organism = Homo gapiens

AELCDDDPPE IPHATFKAMA YKEGTMLNCE CKRGFRRIKS 60
QCTSSATRNT TKOVTPQPEE QKERKTTEMQ SPMOQPVDQAS 120
HEVVGOMVYY QCVOQGYRALH RGPAESVCKM THGKTRWTQP 180
ASPEGRPESE TSCLVTTTDFEF QIQTEMAATM ETSIFTTEYQ 240



US 2023/0079120 Al

VAVAGCVEFLL ISVLLLSGLT

SEQ ID NO: o
FEATURE

SOouUurce

SEQUENCE: 6
ELCDDDPPEI PHATFKAMAY
CTSSATRNTT KOQVITPQPEEQ
FVVGOMVYYQ CVOQGYRALHR
SPEGRPESET SCLVITTTDFQ
QRRORKSRRT 1

SEQ ID NO: 7
FEATURE
source

SEQUENCE : 7

ELCDDDPPEI PHATFKAMAY
CTSSATRNTT KOQVTPQPEEQ
FVVGOMVYYQ CVQGYRALHR
SPEGRPESET SCLVITTTDFQ

SEQ ID NO: 8
FEATURE
source

SEQUENCE: 8

MEPRLLMLGEF LSLTIVPSCR
LVYMRCLGNS WSSNCQCTSN
CREPPPWKHE DSKRIYHFVE
VDEREHHRFL ASEESQGSRN
SCLFLLISIL LLSGLTWOHR

SEQ ID NO: 9
FEATURE

SOouUurce

SEQUENCE: ©
ELCLYDPPEV PNATFKALSY
HDKSRKOQVTA QLEHQKEQQT
QSVHYECIPG YKALQRGPAT
SPESETSCPI TTTDFPQPTE
RKSRRTI

SEQ ID NO: 10
FEATURE
SOoOurce

SEQUENCE: 10

ELCLYDPPEV PNATFKALSY
HDKSRKOVTA QLEHQKEQQT
QSVHYECIPG YKALQRGPAT
SPESETSCPI TTTDFPQPTE

SEQ ID NO: 11
FEATURE

REGION

SOuUurce

SEQUENCE: 11
GGGSGGES GG GSGGES

SEQ ID NO: 12
FEATURE
REGION

SOuUurce

-continued

WORRORKSRR TI

moltype = AA length = 251
Location/Qualifiers

1..251
mol type = protein
organism = Homo sapiliens

KEGTMLNCEC KRGFRRIKSG SLYMLCTGNS SHSSWDNQCOQ
KERKTTEMQS PMOQPVDQASL PGHCREPPPW ENEATERIYH

GPAESVCKMT HGKTRWTQPQ LICTGEMETS QFPGEEKPQA

IQTEMAATME TSIFTTEYQV AVAGCVELLI SVLLLSGLTW

moltype = AA length = 219
Location/Qualifiers

1..219
mol type = proteiln
organism = Homo sapiens

KEGTMLNCEC KRGFRRIKSG SLYMLCTGNS SHSSWDNQCOQ
KERKTTEMQS PMOPVDQASL PGHCREPPPW ENEATERIYH
GPAESVCKMT HGKTRWTQPQ LICTGEMETS QFPGEEKPQA

IQTEMAATME TSIFTTEYQ

moltype = AA length = 268
Location/Qualifiers

1..268
mol type = proteiln
organism = Mus musculus

AELCLYDPPE VPNATFKALS YKNGTILNCE
SHDKSRKOVT AQLEHOKEQQ TTTDMQKPTOQ
GOSVHYECIP GYKALQRGPA ISICKMKCGK
SSPESETSCP ITTTDFPOQPT ETTAMTETEV

WRKSRRTI

moltype = AA length = 247
Location/Qualifiers

1..247
mol type = proteiln
organism = Mus musculus

KNGTILNCEC KRGFRRLKEL VYMRCLGNSW
TTDMQKPTQS MHQENLTGHC REPPPWKHED
SICKMKCGKT GWTQPQLTCYV DEREHHRFEFLA
TTAMTETEFVL TMEYKVAVAS CLFLLISILL

215

moltype = AA length
Location/Qualifiers

1..215
mol type = proteiln
organism = Mus musculus

CKRGFRRLKE
SMHQENLTGH
TGWTQPQLTC
LTMEYKVAVA

SSNCQCTSNS
SKRIYHFVEG
SEESQGSRENS
LSGLTWQHRW

KNGTILNCEC KRGFRRLKEL VYMRCLGNSW SSNCQCTSNS
TTDMQKPTQS MHOENLTGHC REPPPWKHED SKRIYHEVEG
SICKMKCGKT GWTQPQLTCY DEREHHRFELA SEESQGSRNS

TTAMTETEFVL TMEYK

moltype = AA length = 16
Location/Qualifiers

1..16

note = (Gly3Ser)4 linker

1..1e6

mol type = proteiln

organism = synthetic construct

moltype = AA length = 8
Location/Qualifiers

1..8
note = (Gly3Ser)2 linker
1..8

mol type = proteiln

272

60

120
180
240
251

60

120
180
219

60

120
180
240
268

60

120
180
240
247

60

120
180
215

16

Mar. 16, 2023
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27
-continued
organism = synthetic construct
SEQUENCE: 12
GGGSGEES 8
SEQ ID NO: 13 moltype = AA length = 12
FEATURE Location/Qualifiers
REGION 1..12
note = (Gly3Ser)3 linker
source 1..12
mol type = proteiln
organism = synthetic construct
SEQUENCE: 13
GGGSGEGESGG GS 12
SEQ ID NO: 14 moltype = AA length = 20
FEATURE Location/Qualifiers
REGION 1..20
note = (Gly3Ser})5 linker
gource 1..20
mol type = proteiln
organism = synthetic construct
SEQUENCE: 14
GGGESGEGES GG GSGEESGEES 20
SEQ ID NO: 15 moltype = length =
SEQUENCE: 15
000
SEQ ID NO: 16 moltype = AA length = 384
FEATURE Location/Qualifiers
REGION 1..384
note = Synthesized Mature form of IL-2
(Gly4Ser)4-extracellular domainof IL-2 R
source 1..384
mol type = proteiln
organism = synthetic construct
SEQUENCE: 16
APTSSSTSSS TAEAQQOOQQ OQQOOQOHLEQ LLMDLOELLS RMENYRNLKL PRMLTEFKEYL 60
PKOATELKDL QCLEDELGPL RHVLDLTQSK SFQLEDAENF ISNIRVTVVK LKGSDNTFEC 120
QFDDESATVYV DFLRRWIAFC QSIISTSPOG GGGSGGELESG GGGSGGGESE LCLYDPPEVP 180
NATFKALSYK NGTILNCECK RGFRRLEKELV YMRCLGNSWS SNCQCTSNSH DKSRKOVTAQ 240
LEHQKEQQTT TDMOKPTQSM HQENLTGHCR EPPPWKHEDS KRIYHEVEGQ SVHYECIPGY 300
KALORGPAIS ICKMKCGKTG WTQPQLTCVD EREHHRFLAS EESQGSRNSS PESETSCPIT 360
TTDFPQPTET TAMTETEVLT MEYK 384
SEQ ID NO: 17 moltype = AA length = 404
FEATURE Location/Qualifiers
REGION 1..404
note = Synthesized unprocesgssed form of IL-2
(Gly4Ser)4-extracellulardomain of IL-2 R
source 1..404
mol type = proteiln
organism = synthetic construct
SEQUENCE: 17
MDSMQLASCY TLTLVLLVNS APTSSSTSSS TARBAQQOQOOQ QOQOQOOHLEQ LLMDLOELLS 60
RMENYRNLKL PRMLTEFKFYL PKOQATELKDL QCLEDELGPL RHVLDLTQSK SFQLEDAENEF 120
ISNIRVITVVK LEKGSDNTEFEC QFDDESATVV DFLRRWIAFC QSIISTSPOQG GGGSGGGGSG 180
GGGSGGGESE LCLYDPPEVP NATFKALSYK NGTILNCECK RGFRRLKELV YMRCLGNSWS 240
SNCQCTSNSH DKSRKOVTAQ LEHOQKEQOTT TDMOQKPTQSM HQENLTGHCR EPPPWKHEDS 3200
KRIYHEVEGQ SVHYECIPGY KALQRGPAIS ICKMKCGKTG WIQPQLTCVD EREHHRFLAS 360
EESQGSRNSS PESETSCPIT TTDFPQPTET TAMTETEVLT MEYK 404
SEQ ID NO: 18 moltype = AA length = 389
FEATURE Location/Qualifiers
REGION 1..389
note = Synthesized mature form of IL-2 (Gly4Ser)5-
extracellular domainof IL-2 R
source 1..389
mol type = proteiln
organism = synthetic construct
SEQUENCE: 18
APTSSSTSSS TAEAQQOOQQ OQQOOQOHLEQ LLMDLOELLS RMENYRNLKL PRMLTEFKEYL 60
PKOATELKDL QCLEDELGPL RHVLDLTQSK SFQLEDAENEF ISNIRVITVVK LKGSDNTFEC 120
QFDDESATVYV DFLRRWIAFC QSIISTSPOG GGGSGGELESG GGGSGEEESG GGGSELCLYD 180
PPEVPNATFK ALSYKNGTIL NCECKRGFRR LKELVYMRCL GNSWSSNCQC TSNSHDKSRK 240
QVTAQLEHOK EQQTTTDMOQK PTQSMHOENL TGHCREPPPW KHEDSKRIYH FVEGOSVHYE 300
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23

-continued
CIPGYKALQR GPAISICKMK CGKTGWTQPQ LTCVDEREHH RFLASEESQG SRNSSPESET 360
SCPITTTDFP QPTETTAMTE TEFVLTMEYK 389
SEQ ID NO: 19 moltype = AA length = 409
FEATURE Location/Qualifiers
REGION 1..409
note = Synthesized unprocessed form of IL-2 (Gly4Ser)5-
extracellulardomain of IL-2 R
source 1..409
mol type = proteiln
organism = synthetic construct
SEQUENCE: 19
MDSMQLASCY TLTLVLLVNS APTSSSTSSS TARBAQQOQOOQ QOQOQOOHLEQ LLMDLOELLS 60
RMENYRNLKL PRMLTFKEFYL PKOATELKDL QCLEDELGPL RHVLDLTOSK SEFQLEDAENE 120
ISNIRVIVVK LEKGSDNTEFEC QFDDESATVV DFLRRWIAFC QSIISTSPQG GGGSGGGGSG 180
GGGESGEGEESG GGGSELCLYD PPEVPNATFK ALSYKNGTIL NCECKRGFRR LKELVYMRCL 240
GNSWSSNCQC TSNSHDKSRK QVTAQLEHOQK EQOQTTTDMOK PTQSMHQENL TGHCREPPPW 300
KHEDSKRIYH FVEGOQSVHYE CIPGYKALQR GPAISICKMK CGKTGWTQPQ LTCVDEREHH 360
REFLASEESQG SRNSSPESET SCPITTTDEFP QPTETTAMTE TEVLTMEYK 409
SEQ ID NO: 20 moltype = AA length = 380
FEATURE Location/Qualifiers
REGION 1..380
note = Synthesized mature form of IL-2 (Gly3Ser)4-
extracellular domainof IL-2 R
source 1..380
mol type = proteiln
organism = synthetic construct
SEQUENCE: 20
APTSSSTSSS TAEAQQOOOQQ OQOQOOOOHLEQ LLMDLOELLS RMENYRNLKL PRMLTEFKEYL 60
PKOATELKDL QCLEDELGPL RHVLDLTOSK SFQLEDAENF ISNIRVTVVK LKGSDNTFEC 120
QFDDESATVV DFLRRWIAFC QSIISTSPOG GGSGGESGEGEG SGGGSELCLY DPPEVPNATE 180
KALSYKNGTI LNCECKRGFR RLKELVYMRC LGNSWSSNCQ CTSNSHDKSR KOVTAQLEHQ 240
KEQOQTTTDMQ KPTOQSMHOQEN LTGHCREPPP WKHEDSKRIY HEVEGOQSVHY ECIPGYKALQ 300
RGPAISICKM KCGKTGWTQP QLTCVDEREH HRFLASEESQ GSRNSSPESE TSCPITTTDE 360
POPTETTAMT ETFVLTMEYK 380
SEQ ID NO: 21 moltype = AA length = 400
FEATURE Location/Qualifiers
REGION 1..400
note = Synthesized unprocesgssed form of IL-2 (Gly3Ser)4-
extracellulardomain of IL-2 R
source 1..400
mol type = proteiln
organism = synthetic construct
SEQUENCE: 21
MDSMOLASCY TLTLVLLVNS APTSSSTSSS TAEAQOQOOQ QOOQOQOOHLEQ LLMDLOELLS 60
RMENYRNLKL PRMLTFKFYL PKOQATELKDL QCLEDELGPL RHVLDLTOSK SFQLEDAENE 120
ISNIRVIVVK LEKGSDNTEFEC QFDDESATVV DEFLRRWIAFC QSIISTSPOQG GGSGGGSGGE 180
SGGGSELCLY DPPEVPNATE KALSYKNGTI LNCECKRGEFR RLEKELVYMRC LGNSWSSNCQ 240
CTSNSHDKSR KOQVTAQLEHQ KEQOQTTTDMQ KPTQSMHQEN LTGHCREPPP WKHEDSKRIY 300
HEVEGOSVHY ECIPGYKALQ RGPAISICKM KCGKTGWTQP QLTCVDEREH HRFLASEESQ 360
GSRNSSPESE TSCPITTTDE PQPTETTAMT ETEVLTMEYK 400
SEQ ID NO: 22 moltype = AA length = 372
FEATURE Location/Qualifiers
REGION 1..372
note = Synthesized mature form IL-2 (Gly4Ser)4-
extracellular domain ofIL-2 R
source 1..372
mol type = proteiln
organism = synthetic construct
SEQUENCE: 22
APTSSSTKKT QLOLEHLLLD LOMILNGINN YKNPKLTRML TFKEYMPKKA TELKHLOCLE 60
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE TTEFMCEYADE TATIVEFLNR 120
WITEFCQSIIS TLTGGGGSGE GGSGGGGSGE GGSELCDDDP PEIPHATFKA MAYKEGTMLN 180
CECKRGFRRI KSGSLYMLCT GNSSHSSWDN QCQCTSSATR NTTKOQVTPQP EEQKERKTTE 240
MOSPMOPVDQ ASLPGHCREP PPWENEATER IYHEVVGOMY YYQCVQGYRA LHRGPAESVC 300
KMTHGKTREWT QPQLICTGEM ETSQFPGEEK POQASPEGRPE SETSCLVTTT DEFQIQTEMAA 360
TMETSIFTTE YO 372
SEQ ID NO: 23 moltype = AA length = 392
FEATURE Location/Qualifiers
REGION 1..392
note = Synthesized unprocessed form IL-2 (Gly4Ser)4-

extracellulardomain

of IL-2 R
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sOouUurce

SEQUENCE :

MDRMQLLSCI
TFKFYMPKKA
TTEMCEYADE
PEIPHATFKA
NTTKOQVTPQP
YYQCVOQGYRA
SETSCLVTTT

SEQ ID NO:
FEATURE
REGION

SOouUurce

SEQUENCE :

APTSSSTKKT
EELKPLEEVL
WITFCQSIIS
RGFRRIKSGS
MOPVDQASLP
GKTRWTQPQL
SIFTTEYQ

SEQ ID NO:
FEATURE
REGION

SOUrce

SEQUENCE :

MDRMQLLSCI
TEFKFYMPKKA
TTEFMCEYADE
HATEFKAMAYK
QVTPQPEEQK
VOGYRALHRG
CLVTTTDFQI

SEQ ID NO:
FEATURE
REGION

SOuUurce

SEQUENCE :
APTSSSTKKT
EELKPLEEVL
WITFCOQSIIS
RIKSGSLYML
DOASLPGHCR
WTQPQLICTG
TEYQ

SEQ ID NO:

FEATURE
REGION

SOUrce

SEQUENCE :
MDRMOLLSCI

23

ALSLALVTNS
TELKHLQCLE
TATIVEFLNR
MAYKEGTMLN
EEQKERKTTE
LHRGPAESVC
DFQIQTEMAA

24

24

QLOLEHLLLD
NLAQSKNEHL
TLTGGGESGGEE
LYMLCTGNSS
GHCREPPPWE
ICTGEMETSQ

25

25

ALSLALVTNS
TELKHLOQCLE
TATIVEFLNR
EGTMLNCECK
ERKTTEMQSP
PAESVCKMTH
QTEMAATMET

26

26

QLOLEHLLLD
NLAQSKNEFHL
TLTGGGSGGE
CTGNSSHSSW
EPPPWENEAT
EMETSQFPGE

277

277

ALSLALVTNS

29

TFKFYMPKKA TELKHLQCLE
TTEFMCEYADE TATIVEFLNR
KAMAYKEGTM LNCECKRGFER

-continued
1..392
mol type = proteiln
organism = synthetic construct
APTSSSTKKT QLOLEHLLLD LOMILNGINN YKNPKLTRML 60
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
WITEFCOSIIS TLTGGGGESGE GGSGGGGSGE GGSELCDDDP 180
CECKRGFRRI KSGSLYMLCT GNSSHSSWDN QCQCTSSATR 240
MOSPMQPVDQ ASLPGHCREP PPWENEATER IYHEVVGOMY 300
KMTHGKTRWT QPQLICTGEM ETSQFPGEEK POQASPEGRPE 360
TMETSIFTTE YO 392
moltype = AA length = 368
Location/Qualifiers
1..368
note = Synthesized mature form IL-2 {(Gly3Ser)4-
extracellular domain ofIL-2 R
1..368
mol type = proteiln
organism = synthetic construct
LOMILNGINN YKNPKLTRML TFKFYMPKKA TELKHLOCLE 60
RPRDLISNIN VIVLELKGSE TTFMCEYADE TATIVEFLNR 120
SGGGSGLGGSE LCDDDPPEIP HATFKAMAYK EGTMLNCECK 180
HSSWDNQCOQC TSSATRNTTK QVITPQPEEQK ERKTTEMOSP 240
NEATERIYHE VVGOMVYYQC VOQGYRALHRG PAESVCKMTH 300
FPGEEKPQAS PEGRPESETS CLVITTDEFQI QTEMAATMET 360
368
moltype = AA length = 388
Location/Qualifiers
1..388
note = Synthesized unprocessed form IL-2 {(Gly3Ser)}4-
extracellulardomain of IL-2 R
1..388
mol type = proteiln
organism = synthetic construct
APTSSSTKKT QLOLEHLLLD LOMILNGINN YKNPKLTRML 60
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
WITEFCOQSIIS TLTGGGSGGE SGGGESGGGSE LCDDDPPEIP 180
RGFRRIKSGS LYMLCTGNSS HSSWDNQCQC TSSATRNTTK 240
MOPVDQASLP GHCREPPPWE NEATERIYHFEF VVGOMVYYQC 300
GKTRWTQPQL ICTGEMETSQ FPGEEKPOAS PEGRPESETS 360
SIFTTEYQ 388
moltype = AA length = 364
Location/Qualifiers
1..364
note = Synthesized mature form IL-2 {(Gly3Ser)3-
extracellular domain ofIL-2 R
1..3064
mol type = proteiln
organism = synthetic construct
LOMILNGINN YKNPKLTRML TFKEYMPKKA TELKHLOCLE 60
RPRDLISNIN VIVLELKGSE TTFMCEYADE TATIVEFLNR 120
SGGGSELCDD DPPEIPHATE KAMAYKEGTM LNCECKRGEFR 180
DNQCQCTSSA TRNTTKOVTP QPEEQKERKT TEMQSPMOPY 240
ERIYHEFVVGQ MVYYQCVQGY RALHRGPAES VCKMTHGKTR 300
EKPQASPEGR PESETSCLVT TTDFQIQTEM AATMETSIFT 360
304
moltype = AA length = 384
Location/Qualifiers
1..384
note = Synthesized unprocegsed form of IL-2 (Gly3Ser) 3-
extracellulardomain of IL-2 R
1..384
mol type = proteiln
organism = synthetic construct
APTSSSTKKT QLOLEHLLLD LOMILNGINN YKNPKLTRML 60
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
WITEFCOQSIIS TLTGGGSGGE SGGGSELCDD DPPEIPHATE 180
RIKSGSLYML CTGNSSHSSW DNQCOQCTSSA TRNTTKOVTP 240
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QPEEQKERKT TEMQSPMOPV DQASLPGHCR EPPPWENEAT ERIYHEVVGQO MVYYQCVOGY

30

-continued

RALHRGPAES VCKMTHGKTR WTQPQLICTG EMETSQFPGE EKPQASPEGR PESETSCLVT
TTDFQIQTEM AATMETSIFT TEYQ

SEQ ID NO:
FEATURE

28

misc_feature

SOUrce

SEQUENCE :

28

moltype =

DNA

Location/Qualifiers

1..06
note =
1..66
mol type
organism

other DHNA
synthetic

length

= 66

construct

IL-2 leader optimized Kozak sequence

gccaccatgg acaggatgca actcecctgtcet tgcattgcac taagtcttgce acttgtcaca

aacagt

SEQ ID NO:
FEATURE

29

misc_feature

SOource

SEQUENCE :

atggacagca
gcacccactt
cagcagcagc
atggagaatt
aagcaggcca
catgttctgg
agcaatatca
ttcgatgatg
agcatcatct
ggtggatccg
gccacattca
ggtttccgaa
aactgccagt
gaacaccaga
caagagaacc
agaatctatc
gctctacaga
actcagcccc
gaatctcaag
acagacttcc
gagtataagyg

SEQ ID NO:
FEATURE

29

tgcagctcgce
caagctctac
agcagcacct
acaggaacct
cagaattgaa
atttgactca
gagtaactgt
agtcagcaac
caacaagccc
gtggaggtgg
aagccctctce
gactaaagga
gcaccagcaa
aagagcaaca
ttacaggtca
atttcgtgga
gaggtcctgc
agctcacatg
gaagcagaaa
cacaacccac
gtggacatca

30

migc feature

SOuUurce

SEQUENCE :

atggacagca
gcacccactt
cagcagcagc
atggagaatt
aagcaggcca
catgttctgg
agcaatatca
ttcgatgatg
agcatcatct
ggtggaggtt
gccctetect
ctaaaggaat
accagcaact
gagcaacaaa
acaggtcact
ttcgtggaag
ggtcctgcta
ctcacatgtg
agcagaaatt
caacccacag
ggacatcacc

30

tgcagctcgc
caagctctac
agcagcacct
acaggaacct
cagaattgaa
atttgactca
gagtaactgt
agtcagcaac
caacaagccc
ctgaactgtg
acaagaacygg
tggtctatat
cccatgacaa
ccacaacaga
geagggagcc
gacagagtgt
ttagcatctg
tagatgaaag
cttctcecga
aaacaactgc
atcaccatca

moltype =

DNA

Location/Qualifiers

1..1239
note =

length

= 1239

Synthesized unprocessed form of IL-2

(Gly4Ser)4-extracellulardomain of IL-2 R

1..1239
mol type
organism

atcctgtgtc
ttcaagctct
ggagcagctyg
gaaactcccc
agatcttcag
aagcaaaagc
tgtaaaacta
tgtggtggac
tcaaggtgga
atctgaactyg
ctacaagaac
attggtctat
ctcccatgac
aaccacaaca
ctgcagggag
aggacagagt
tattagcatc
tgtagatgaa
CCcttctccce
agaaacaact
ccatcaccat

moltype =

other DNA
asynthetic

acattgacac
acagcggaag
ttgatggacc
aggatgctca
tgcctagaag
tttcaattygg

aagggctctyg
tttctgagga

ggtggatctyg
tgtctgtatg
ggcaccatcc
atgcgttgcet
aaatcgagaa
gacatgcaga
ccacctceccett
gttcactacyg
tgcaagatga
agagaacacc
gagagtgaga
gcaatgacgyg
cactaataa

DNA

Location/Qualifiers

1..1227
note =

length

construct

ttgtgctcct
cacagcagca
tacaggagct
ccttcaaatt
atgaacttgg
aagatgctga
acaacacatt
gatggatagc
gtggaggtgyg
acccacccga
taaactgtga
taggaaactc
agcaagttac
agccaacaca
ggaaacatga
agtgtattcc
agtgtgggaa
accgatttct
cttcctgcecec
agacatttgt

= 1227

extracellulardomain of IL-2 R

1. .1227
mol type
organism

atcctgtgtc
ttcaagctct

ggagcagctyg
gaaactcccc
agatcttcag
aagcaaaagc
tgtaaaacta

tgtggtggac
tcaaggtgga
tctgtatgac
caccatccta
gcgttgcetta
atcgagaaag
catgcagaag
acctccttygg
tcactacgag
caagatgaag
agaacaccac
gagtgagact
aatgacggag
ctaataa

other DNA
synthetic

acattgacac
acagcggaag
ttgatggacc
aggatgctca
tgcctagaag
tttcaattgg

aagggctcty
tttctgagga

ggttctggtyg
ccacccgagg
aactgtgaat
ggaaactcct
caagttacag
ccaacacagt
aaacatgaag
tgtattccgg
tgtgggaaaa
cgatttctygg
tcctgcceccea
acatttgtgc

construct

ttgtgctect
cacagcagca
tacaggagct
ccttcaaatt
atgaacttgyg
aagatgctga
acaacacatt
gatggatagc
gaggttcagg
tccccaatgce
gcaagagadyd
ggagcagcaa
ctcaacttga
ctatgcacca
attccaagag
gatacaaggc

cggggtggac
ctagtgagga
taaccaccac
tcacaatgga

tgtcaacagc
gcagcagcag
cctgagcagyg
ttacttgccce
acctctgcgyg
gaatttcatc
tgagtgccaa
cttctgtcaa
atcaggtgga
ggtccccaat
atgcaagaga
ctggagcagc
agctcaactt
gtctatgcac
agattccaag

gggatacaag
aacggggtgg
ggctagtgag
cataaccacc
gctcacaatg

Synthesgsized unprocessed form of IL-2

tgtcaacagc
gcagcagcag
cctgagcagyg
ttacttgccc
acctctgegy
gaatttcatc
tgagtgccaa
cttctgtcaa
tggaggttcyg
cacattcaaa
tttccgaaga
ctgccagtgc
acaccagaaa
agagaacctt
aatctatcat
tctacagaga
tcagccccag
atctcaagga
agacttccca

gtataagggt

300
360
384

60
66

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1239

(Gly3Ser)4-

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1227
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SEQ ID NO:
FEATURE

31

misc_feature

SOouUurce

SEQUENCE :

atggacagca
gcacccactt
cagcagcagc
atggagaatt
aagcaggcca
catgttctgg
agcaatatca
ttcgatgatg
agcatcatct
ggtggatcag
cccgaggtcec
tgtgaatgca
aactcctgga
gttacagctc
acacagtcta
catgaagatt
attccgggat
gdgaaaacygy
tttetggeta
tgccccataa
tttgtgctca

SEQ ID NO:
FEATURE

31

tgcagctcgc
caagctctac
agcagcacct
acaggaacct
cagaattgaa
atttgactca
gagtaactgt
agtcagcaac
caacaagccc
gtggaggtgyg
ccaatgccac
agagaggttt
gcagcaactyg
aacttgaaca
tgcaccaaga
ccaagagaat
acaaggctct

ggtggactca
gtgaggaatc
ccaccacaga
caatggagta

32

misc_feature

sOource

SEQUENCE :
atggacagga
gcacctactt
ttacagatga
acatttaagt
gaagaactca
agacccaggy
acaacattca
tggattacct
ggtggatcag
ccagagatcc
tgtgaatgca
ggaaactcta
aacacaacga
atgcaaagtc
ccaccatggy
tattatcagt
aaaatgaccc
gagaccagtc
agtgagactt
accatggaga
taataa

SEQ ID NO:
FEATURE

32

tgcaactcct
caagttctac
ttttgaatgg
tttacatgcc
aacctctgga
acttaatcayg
tgtgtgaata
tttgtcaaag
gtggaggtgg
cacacgccac
agagaggttt
gccactcgtce
aacaagtgac
caatgcagcc
aaaatgaagc

gcgtccaggg

acgggaagac
agtttccagy

cctgectegt
cgtccatatt

33

misc_feature

SOUrce

SEQUENCE :

atggacagga
gcacctactt
ttacagatga

acatttaagt

33

tgcaactcct
caagttctac
ttttgaatgg
tttacatgcc

moltype =

DNA

Location/Qualifiers

1..1254
note =

length

31

-continued

= 1254

extracellulardomain of IL-2 R

1..1254
mol type
organism

atcctgtgtc
ttcaagctct
ggagcagctyg
gaaactcccc
agatcttcag
aagcaaaagc
tgtaaaacta
tgtggtggac
tcaaggtgga

atccggtgga
attcaaagcc

ccgaagacta
ccagtgcacc
ccagaaagag
gaaccttaca
ctatcatttc
acagagaggt
gccccagcetce
tcaaggaagc
cttcccacaa

taagggtgga

moltype =

other DNA
synthetic

acattgacac
acagcggaag
ttgatggacc
aggatgctca
tgcctagaag
tttcaattgg
aagggctctg
tttctgagga
ggtggatcag

ggtggatctyg
ctctcctaca

aaggaattgg
agcaactccce
caacaaacca
ggtcactgca
gtggaaggac
cctgctatta
acatgtgtag
agaaattctt
cccacagaaa
catcaccatc

DNA

Location/Qualifiers

1..12006
note =

length

construct

ttgtgctcct
cacagcagca
tacaggagct
ccttcaaatt
atgaacttgyg
aagatgctga
acaacacatt
gatggatagc
gtggaggtgg
aactgtgtct
agaacggcac
tctatatgcy
atgacaaatc
caacagacat
gggagccacce
agagtgttca
gcatctgcaa
atgaaagaga
ctcccgagag
caactgcaat
accatcacta

= 1206

Synthesized unprocessed form IL-2

extracellulardomain of IL-2 R

1..1206
mol type
organism

gtcttgeatt
aaagaaaaca
aattaataat
caagaaggcc
ggaagtgcta
caatatcaac
tgctgatgag
catcatctca
atccggtgga
attcaaagcc
ccgcagaata
ctgggacaac
acctcaacct
agtggaccaa
cacagagaga
atacagggct
aaggtggacc
tgaagagaag
cacaacaaca
tacaacagag

moltype =

other DNA
synthetic

gcactaagtc
cagctacaac
tacaagaatc
acagaactga
aatttagctc
gtaatagttc
acagcaacca
acactgactyg

ggtggatctyg
atggcctaca

aaaagcgggt
caatgtcaat
gaagaacaga
gcgagcectte
atttatcatt
ctacacagag
cagcccacagc
cctcaggcaa
gattttcaaa

taccagggty

DNA

Location/Qualifiers

1..11%94
note =

length

construct

ttgcacttgt
tggagcattt
ccaaactcac
aacatcttca
aaagcaaaaa
tggaactaaa
ttgtagaatt
gtggaggtgyg
agctctgtga
aggaaggaac
cactctatat
gcacaagctc
aagaaaggaa
caggtcactyg
tcgtggtggy
gtcctgctga
tcatatgcac
gccccgaagyg
tacagacaga
gacatcacca

= 1194

Synthesgized unprocessed form IL-2

extracellulardomain of IL-2 R

1..119594
mol type
organism

gtcttgcatt
aaagaaaaca
aattaataat
caagaaggcc

other DNA
synthetic

gcactaagtc
cagctacaac
tacaagaatc
acagaactga

construct

ttgcacttgt
tggagcattt
ccaaactcac
aacatcttca

Synthesized unprocessed form of IL-2

tgtcaacagc
gcagcagcag
cctgagcagyg
ttacttgccc
acctctgegy
gaatttcatc
tgagtgccaa
cttctgtcaa
atctggtgga
gtatgaccca
catcctaaac
ttgcttagga
gagaaagcaa
gcagaagcca
tccttggaaa
ctacgagtgt
gatgaagtgt
acaccaccga
tgagacttcc
gacggagaca
ataa

cacaaacagt
actgctggat
caggatgctc
gtgtctagaa
cCttcactta
gggatctgaa
tctgaacaga
atctggtgga
cgatgacccg
catgttgaac
gctctgtaca
tgccactcgyg
aaccacagaa
cagggaacct
gcagatggtt
gagcgtcotgc
aggtgaaatg
ccgtectgag
aatggctgca
tcaccatcac

cacaaacagt
actgctggat
caggatgctc
gtgtctagaa

(Gly4Ser)5-

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
560
1020
1080
1140
1200
1254

(Gly4Ser) 4-

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1206

(Gly3Ser) 4-

60

120
180
240
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gaagaactca
agacccaggyg
acaacattca
tggattacct
tcaggtggag
cacgccacat
agaggtttcc
cactcgtcct
caagtgacac
atgcagccag
aatgaagcca
gtccagggat

gggaagacaa
tttccaggty

tgcctegtcea
tccatattta

SEQ ID NO:
FEATURE

aacctctgga
acttaatcag
tgtgtgaata
tttgtcaaag
gttcgggtgyg
tcaaagccat
gcagaataaa
gggacaacca
ctcaacctga
tggaccaagc
cagagagaat
acagggctct
ggtggaccca
aagagaagcc
caacaacaga
caacagagta

34

misc_feature

SOource

SEQUENCE :

atggacagga
gcacctactt
ttacagatga
acatttaagt
gaagaactca
agacccaggy
acaacattca
tggattacct
tcaggtggag
aaagccatgg
agaataaaaa
gacaaccaat
caacctgaag
gaccaagcga
gagagaattt
agggctctac
tggacccagc
gagaagcctc
acaacagatt
acagagtacc

SEQ ID NO:
FEATURE
source

34

tgcaactcct
caagttctac
ttttgaatgg
tttacatgcc
aacctctgga
acttaatcag
tgtgtgaata
tttgtcaaag
gttcggagcet
cctacaagga
gcgggtcact
gtcaatgcac
aacagaaaga
gccttceccagy
atcatttcgt
acagaggtcc
cccagctcat
aggcaagccc
ttcaaataca

agggtggaca

35

misc_feature

SEQUENCE :
gccgeocreca

SEQ ID NO:
FEATURE
REGION

sOource

SEQUENCE :

MYSMQLASCV
RMENYRNLKL
ISNIRVTVVK
SELCLYDPPE
SHDKSREKOQVT
GOSVHYECIP
SSPESETSCP

SEQ ID NO:
FEATURE

35

tgg

36

36

TLTLVLLVNS
PRMLTFKFYL
LKGSDNTFEC
VPNATFKALS
AQLEHQKEQOQ
GYKALOQRGPA
ITTTDEFPQPT

37

ggaagtgcta
caatatcaac
tgctgatgag
catcatctca
aggttctgag
ggcctacaag
aagcgggtca
atgtcaatgc
agaacagaaa
gagcctteca
ttatcatttc
acacagaggt
gccccagcetce
tcaggcaagc
CCLttcaaata

ccagggtgga

moltype =

aatttagctc
gtaatagttc
acagcaacca
acactgactyg
ctctgtgacy
gaaggaacca
ctctatatgc
acaagctctyg
gaaaggaaaa
ggtcactgca
gtggtggggce
cctgetgaga
atatgcacag
cccgaaggcc
cagacagaaa
catcaccatc

DNA

Location/Qualifiers

1..1182
note =

length =

32

-continued

aaagcaaaaa
tggaactaaa
ttgtagaatt
gtggaggtte
atgacccgcc
tgttgaactg
tctgtacagyg
ccactcggaa
ccacagaaat
gggaacctcc
agatggttta
gcgtcectgcaa
gtgaaatgga
gtcctgagag
tggctgcaac
accatcacta

1182

extracellulardomain of IL-2 R

1..1182
mol type
organism

gtcttgeatt
aaagaaaaca
aattaataat
caagaaggcc
ggaagtgcta
caatatcaac
tgctgatgag
catcatctca
ctgtgacgat
aggaaccatg
ctatatgctc
aagctcectgcece
aaggaaaacc
tcactgcagyg

ggtggggcag
tgctgagagc
atgcacaggt
cgaaggccgt
gacagaaatg
tcaccatcac

moltype =

other DNA
synthetic

gcactaagtc
cagctacaac
tacaagaatc
acagaactga
aatttagctc
gtaatagttc
acagcaacca
acactgactyg
gacccgocag
ttgaactgtyg
tgtacaggaa
actcggaaca
acagaaatgc
gaacctccac
atggtttatt
gtctgcaaaa
gaaatggaga
cctgagagtyg
gctgcaacca
catcactaat

RNA

Location/Qualifiers

1..13
mol type
organism
1..13

note =

moltype =

other RNA
synthetic

AA  length

Location/Qualifiers

1..3%906
note =

length =

construct

ttgcacttgt
tggagcattt
ccaaactcac
aacatcttca
aaagcaaaaa
tggaactaaa
ttgtagaatt
gtggaggttc
agatcccaca
aatgcaagag
actctagcca
caacgaaaca
aaagtccaat
catgggaaaa
atcagtgcgt
tgacccacgyg
ccagtcagtt
agacttcctyg
tggagacgtc
aa

13

construct

Kozak consensus

= 396

extracellulardomain of IL-2 R

1..3%¢6
mol type
organism

APTSSSTSSS
PKOATELKDL
QFDDESATVV
YKNGTILNCE
TTTDMQKPTOQ
ISICKMKCGK
ETTAMTETFEV

moltype =

protein
synthetic

TAEAQQQQOQ
QCLEDELGPL

DEFLRRWIAFC
CKRGFRRLKE
SMHOENLTGH
TGWTQPQLTC
LTMEYK

AA  length

Location/Qualifiers

construct

QOQOQOHLEQ
RHVLDLTOQSK

QSIISTSPOG
LVYMRCLGNS
CREPPPWKHE
VDEREHHRFEL

306

CtLtcactta

gggatctgaa
tctgaacaga
tggtggaggt
agagatccca
tgaatgcaag
aaactctagc
cacaacgaaa
gcaaagtcca
accatgggaa
ttatcagtgc
aatgacccac
gaccagtcag
tgagacttcc
catggagacg
ataa

Synthesized unprocessed form of IL-2

cacaaacagt
actgctggat
caggatgctc
gtgtctagaa
CCttcactta
gggatctgaa
tctgaacaga
tggtggaggt
cgccacattce
aggtttccgce
ctcgtectygy
agtgacacct
gcagccagtyg
tgaagccaca
ccagggatac
gaagacaagg
tccaggtgaa

cctcgtcaca
catatttaca

Synthesgsized unprocessed form of IL-2

LLMDLQELLS
SEFQLEDAENF
GGSGGES GGG
WSSNCQCTSN
DSKRIYHEVE
ASEESQGSRN

300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1154

(Gly3Ser)3-

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1182

13

(Gly3Ser) 3-

60

120
180
240
300
360
396
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REGION

SOuUurce

SEQUENCE :

MDSMQLASCV
RMENYRNLKL
ISNIRVTVVEK
SELCLYDPPE
SHDKSREKOQVT
GOSVHYECIP
SSPESETSCP

SEQ ID NO:
FEATURE
REGION

SOource

SEQUENCE :

MDRMQLLSCI
TEFKFYMPKKA
TTEMCEYADE
CDDDPPEIPH
SSATRNTTKO
VGOMVYYQCV
EGRPESETSC

SEQ ID NO:
FEATURE
REGION

sOource

SEQUENCE :

APTSSSTKKT
EELKPLEEVL
WITFCOSIIS
GTMLNCECKR
RKTTEMQSPM
AESVCKMTHG
TEMAATMETS

SEQ ID NO:
FEATURE
REGION
SOoOurce
SEQUENCE :
GGGEGESGGEGEES
SEQ ID NO:

FEATURE
REGION

SOUrce

SEQUENCE :

37

TLTLVLLVNS
PRMLTFKFYL
LKGSDNTFEC
VPNATFKALS
AQLEHQKEQOQ
GYKALOQRGPA
ITTTDEPQPT

38

38

ALSLALVTNS
TELKHLOQCLE
TATIVEFLNR
ATFKAMAYKE
VIPOQPEEQKE
QGYRALHRGP
LVTTTDFQIOQ

39

39

QLOLEHLLLD
NLAQSKNEFHL
TLTGGEGES GG
GFRRIKSGSL
QPVDQASLPG
KTRWTQPQLI
IFTTEYQ

40

40

GGGEGESEGEEES

41

41

GGGEGSGEGEES GGGELGSGEEEES GGGES

SEQ ID NO:
FEATURE

42

migc feature

SOuUurce

33

-continued
1..3%0
note = Synthesized mature form of IL-2 (Gly3Ser)3-
extracellular domainof IL-2 R
1..3%06
mol type = proteiln
organism = synthetic construct
APTSSSTSSS TAEAQQOOQOQ QOQOQOHLEQ LLMDLOELLS 60
PKOATELKDL QCLEDELGPL RHVLDLTQSK SFQLEDAENEF 120
QFDDESATVYV DEFLRRWIAFC QSIISTSPOG GGSGGGSGGEG 180
YKNGTILNCE CKRGFRRLKE LVYMRCLGNS WSSNCQCTSN 240
TTTDMOKPTQ SMHQENLTGH CREPPPWKHE DSKRIYHEVE 300
ISICKMKCGK TGWTQPQLTC VDEREHHREFL ASEESQGSRN 360
ETTAMTETEYV LTMEYK 3906
moltype = AA length = 397
Location/Qualifiers
1..397
note = Synthesized unprocegssed form of IL-2 (Gly4Ser)5-
extracellulardomain of IL-2 R
1..397
mol type = proteiln
organism = sgynthetic construct
APTSSSTKKT QLOLEHLLLD LOMILNGINN YKNPKLTRML 60
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
WITEFCOSIIS TLTGGGEGESGE GGSGGGGSGE GGSGGGGSEL 180
GTMLNCECKR GFRRIKSGSL YMLCTGNSSH SSWDNQCQCT 240
RKTTEMQSPM QPVDQASLPG HCREPPPWEN EATERIYHEYV 300
AESVCKMTHG KTRWTQPQLI CTGEMETSQF PGEEKPQASP 360
TEMAATMETS IFTTEYQ 397
moltype = AA length = 377
Location/Qualifiers
1..377
note = Synthesized mature form of human IL-2 (Gly4Ser)5-
extracellulardomain of IL-2 R
1..377
mol type = proteiln
organism = synthetic construct
LOMILNGINN YKNPKLTRML TFKFYMPKKA TELKHLOCLE 60
RPRDLISNIN VIVLELKGSE TTFMCEYADE TATIVEFLNR 120
GGSGGGES GG GGSGGGGSEL CDDDPPEIPH ATFKAMAYKE 180
YMLCTGNSSH SSWDNOCQCT SSATRNTTKQ VTPQPEEQKE 240
HCREPPPWEN EATERIYHFY VGOMVYYQCV QGYRALHRGP 300
CTGEMETSQF PGEEKPQASP EGRPESETSC LVTTTDEFQIQ 360
377
moltype = AA length = 20
Location/Qualifiers
1..20
note = Linker sequence (Gly4Ser)4
1..20
mol type = proteiln
organism = synthetic construct
20
moltype = AA length = 25
Location/Qualifiers
1..25
note = Linker sequence (Gly4Ser)5
1..25
mol type = proteiln
organism = synthetic construct
25
moltype = DNA length = 1215
Location/Qualifiers
1..1215
note = Synthesized unprocessed form IL-2 {(Gly3Ser) 3-

extracellulardomain of IL-2 R

1..1215
mol type

othexr DNA
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SEQUENCE :

atggacagca
gcacccactt
cagcagcagc
atggagaatt
aagcaggcca
catgttctygy
agcaatatca
ttcgatgaty
agcatcatct
gaactgtgtc
aagaacggca
gtctatatgce
catgacaaat
acaacagaca
agggagccac
cagagtgttc
agcatctgca
gatgaaagag
tcteccgaga
acaactgcaa
caccatcact

SEQ ID NO:
FEATURE
REGION

SOuUurce

SEQUENCE :
APTSSSTKKT
EELKPLEEVL

WITFCOQSIIS
GSLYMLCTGN
LPGHCREPPP
QLICTGEMET

SEQ ID NO:
FEATURE
REGION

SOUrce

SEQUENCE :

MDRMQLLSCI
TEFKFYMPKKA
TTEFMCEYADE
YKEGTMLNCE
QKERKTTEMOQ
RGPAESVCKM
QIQTEMAATM

SEQ ID NO:
FEATURE
REGION

sOource

SEQUENCE :

APTSSSTKKT
EELKPLEEVL
WITFCOSIIS
LCTGNSSHSS
REPPPWENEA
GEMETSQFEPG

SEQ ID NO:
FEATURE
REGION

42

tgcagctcgc
caagctctac
agcagcacct
acaggaacct
cagaattgaa
atttgactca
gagtaactgt
agtcagcaac
caacaagccc
tgtatgaccc
ccatcctaaa
gttgcttagyg
cgagaaagca
tgcagaagcc
ctccttggaa
actacgagtyg
agatgaagtyg
aacaccaccyg
gtgagacttc
tgacggagac
aataa

43

43

QLOLEHLLLD
NLAQSKNEFHL
TLTGGEESEGEE
SSHSSWDNQC
WENEATERIY
SQFPGEEKPOQ

44

44

ALSLALVTNS
TELKHLOQCLE
TATIVEFLNR
CKRGFRRIKS
SPMQPVDQAS
THGKTRWTOQP
ETSIFTTEYOQ

45

45

QLOLEHLLLD
NLAQSKNEFHL
TLTGGGELCD
WDNQCQCTSS
TERIYHEVVG
EEKPQASPEG

416

34

-continued
organism = synthetic construct
atcctgtgte acattgacac ttgtgctcecct tgtcaacagce 60
ttcaagctcect acagcggaag cacagcagca gcagcagcag 120
ggagcagctyg ttgatggacc tacaggagct cctgagcagg 180
Jaaactcccce aggatgctca ccttcaaatt ttacttgceccce 240
agatcttcag tgcctagaag atgaacttgg acctctgcgg 300
aagcaaaagc tttcaattgg aagatgctga gaatttcatc 360
tgtaaaacta aagggctctyg acaacacatt tgagtgccaa 420
tgtggtggac tttctgagga gatggatagce cttctgtcaa 480
tcaaggtgga ggttctggtyg gaggttcagg tggaggttcg 540
acccgaggtce cccaatgcecca cattcaaagce cctcectectac 600
ctgtgaatgce aagagaggtt tccgaagact aaaggaattyg 660
aaactcctgg agcagcaact gccagtgcac cagcaactcc 720
agttacagct caacttgaac accagaaaga gcaacaaacc 780
aacacagtct atgcaccaag agaaccttac aggtcactgc 840
acatgaagat tccaagagaa tctatcattt cgtggaagga 900
tattccggga tacaaggctc tacagagagg tcecctgctatt 960
tgggaaaacyg gggtggactc agccccagct cacatgtgta 1020
atttctggct agtgaggaat ctcaaggaag cagaaattct 1080
ctgccccata accaccacag acttcccaca acccacagaa 1140
atttgtgctc acaatggagt ataagggtgg acatcaccat 1200
1215
moltype = AA length = 360
Location/Qualifiers
1..360
note = Synthesized mature form IL-2 {(Gly3Ser)2-
extracellular domain ofIL-2 R
1..360
mol type = proteiln
organism = synthetic construct
LOMILNGINN YKNPKLTRML TFKFYMPKKA TELKHLOCLE 60
RPRDLISNIN VIVLELKGSE TTFMCEYADE TATIVEFLNR 120
SELCDDDPPE IPHATFKAMA YKEGTMLNCE CKRGEFRRIKS 180
QCTSSATRNT TKQVTPQPEE QKERKTTEMQ SPMOQPVDOAS 240
HEVVGOMVYY QCVQGYRALH RGPAESVCKM THGKTRWTQP 300
ASPEGRPESE TSCLVTTTDF QIQTEMAATM ETSIFTTEYQ 360
moltype = AA length = 380
Location/Qualifiers
1..380
note = Synthesized unprocessed form IL-2 {(Gly3Ser) 2-
extracellulardomain of IL-2 R
1..380
mol type = protein
organism = synthetic construct
APTSSSTKKT QLOQLEHLLLD LOMILNGINN YKNPKLTRML 60
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
WITFCQSIIS TLTGGGSGGG SELCDDDPPE IPHATFKAMA 180
GSLYMLCTGN SSHSSWDNQC QCTSSATRNT TKQVTPQPEE 240
LPGHCREPPP WENEATERIY HEVVGOMVYY QCVQGYRALH 300
QLICTGEMET SQFPGEEKPQ ASPEGRPESE TSCLVTTTDE 360
380
moltype = AA length = 355
Location/Qualifiers
1..355
note = Synthesized mature form IL-2 {(Gly3)- extracellular
domain of IL-2R
1..355
mol type = protein
organism = synthetic construct
LOMILNGINN YKNPKLTRML TFKFYMPKKA TELKHLOCLE 60
RPRDLISNIN VIVLELKGSE TTFMCEYADE TATIVEFLNR 120
DDPPEIPHAT FKAMAYKEGT MLNCECKRGEF RRIKSGSLYM 180
ATRNTTKOQVT PQPEEQKERK TTEMOSPMOP VDQASLPGHC 240
OMVYYQCVQG YRALHRGPAE SVCKMTHGKT RWTQPQLICT 300
RPESETSCLYV TTTDFQIQTE MAATMETSIFEF TTEYQ 355
moltype = AA length = 375

Location/Qualifiers

1..375
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SOuUurce

SEQUENCE :

MDRMQLLSCI
TFKFYMPKKA
TTEFMCEYADE
MLNCECKRGFE
TTEMQSPMQP
SVCKMTHGKT
MAATMETSIF

SEQ ID NO:
FEATURE

16

ALSLALVTNS
TELKHLQCLE
TATIVEFLNR
RRIKSGSLYM
VDOASLPGHC
RWTQPQLICT
TTEYQ

477

misc_feature

SOouUurce

SEQUENCE :

atggacagga
gcacctactt
ttacagatga
acatttaagt
gaagaactca
agacccaggyg
acaacattca
tggattacct
tcagagctct
tacaaggaag
gggtcactct
caatgcacaa
cagaaagaaa
cttccaggtc
catttcgtgy
agaggtcctyg
cagctcatat
gcaagccccyg
caaatacaga

ggtggacatc

SEQ ID NO:
FEATURE

477

tgcaactcct
caagttctac
ttttgaatgg
tttacatgcc
aacctctgga
acttaatcag
tgtgtgaata
tttgtcaaag
gtgacgatga
gaaccatgtt
atatgctctyg
gctctgccac
ggaaaaccac

actgcaggga
tggggcagat
ctgagagcgt
gcacaggtga
aaggccgtcc
cagaaatggc
accatcacca

48

misc_feature

SOuUrce

SEQUENCE :

atggacagga
gcacctactt

ttacagatga
acatttaagt
gaagaactca

agacccaggyg
acaacattca

tggattacct
gatgacccgc
atgttgaact
ctctgtacag
gccactcgga
accacagaaa
agggaacctc
cagatggttt
agcgtctgca
ggtgaaatgg
cgtcctgaga
atggctgcaa
caccatcact

SEQ ID NO:
FEATURE

48

tgcaactcct
caagttctac
ttttgaatgg
tttacatgcc
aacctctgga
acttaatcag
tgtgtgaata
tttgtcaaag
cagagatccc
gtgaatgcaa
gaaactctag
acacaacgaa
tgcaaagtcc
caccatggga
attatcagtg
aaatgaccca
agaccagtca
gtgagacttc
ccatggagac
aataa

49

-continued
note = Synthesized unprocessed form IL-2 (Gly3) -
extracellular domain ofIL-2 R
1..375
mol type = proteiln
organism = synthetic construct
APTSSSTKEKT QLOQLEHLLLD LOMILNGINN YKNPKLTRML 60
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
WITFCQSIIS TLTGGGELCD DDPPEIPHAT FKAMAYKEGT 180
LCTGNSSHSS WDNQCOQCTSS ATRNTTKOVT PQPEEQKERK 240
REPPPWENEA TERIYHEFVVG QMVYYQCVQG YRALHRGPAE 300
GEMETSQFPG EEKPOASPEG RPESETSCLYV TTTDEFQIQTE 360
375
moltype = DNA length = 1170
Location/Qualifiers
1..1170
note = Synthesized unprocessed form IL-2 {(Gly3Ser)2-
extracellulardomain of IL-2 R
1..1170
mol type = other DNA
organism = synthetic construct
gtcttgcatt gcactaagtc ttgcacttgt cacaaacagt 60
aaagaaaaca cagctacaac tggagcattt actgctggat 120
aattaataat tacaagaatc ccaaactcac caggatgctc 180
caagaaggcc acagaactga aacatcttca gtgtctagaa 240
ggaagtgcta aatttagctc aaagcaaaaa ctttcactta 300
caatatcaac gtaatagttc tggaactaaa gggatctgaa 360
tgctgatgag acagcaacca ttgtagaatt tctgaacaga 420
catcatctca acactgactg gtggaggttc tggtggaggt 480
cccgccagag atcccacacg ccacattcaa agceccatggecec 540
gaactgtgaa tgcaagagag gtttccgcag aataaaaagc 600
tacaggaaac tctagccact cgtcctggga caaccaatgt 660
tcggaacaca acgaaacaag tgacacctca acctgaagaa 720
agaaatgcaa agtccaatgc agccagtgga ccaagcgagce 780
acctccacca tgggaaaatyg aagccacaga gagaatttat 840
ggtttattat cagtgcgtcc agggatacag ggctctacac 900
ctgcaaaatg acccacggga agacaaggtg gacccagccce 960
aatggagacc agtcagtttc caggtgaaga gaagcctcag 1020
tgagagtgag acttcctgec tcecgtcacaac aacagatttt 1080
tgcaaccatg gagacgtcca tatttacaac agagtaccag 1140
tcactaataa 1170
moltype = DNA length = 1155
Location/Qualifiers
1..1155
note = Synthesized unprocessed form IL-2 {(Gly3) -
extracellular domain ofIL-2 R
1..1155
mol type = other DNA
organism = synthetic construct
gtcttgcatt gcactaagtc ttgcacttgt cacaaacagt 60
aaagaaaaca cagctacaac tggagcattt actgctggat 120
aattaataat tacaagaatc ccaaactcac caggatgctce 180
caagaaggcc acagaactga aacatcttca gtgtctagaa 240
ggaagtgcta aatttagctc aaagcaaaaa ctttcactta 300
caatatcaac gtaatagttc tggaactaaa gggatctgaa 360
tgctgatgag acagcaacca ttgtagaatt tctgaacaga 420
catcatctca acactgactyg gtggaggtga gctctgtgac 480
acacgccaca ttcaaagcca tggcctacaa ggaaggaacc 540
gagaggtttc cgcagaataa aaagcgggtc actctatatg 600
ccactcgtcce tgggacaacc aatgtcaatg cacaagctct 660
acaagtgaca cctcaacctyg aagaacagaa agaaaggaaa 720
aatgcagcca gtggaccaag cgagccttce aggtcactge 780
aaatgaagcc acagagagaa tttatcattt cgtggtgggg 840
cgtccaggga tacagggctc tacacagagg tcecctgctgag 900
cgggaagaca aggtggaccc agccccagcet catatgcaca 960
gtttccaggt gaagagaagc ctcaggcaag ccccgaaggce 1020
ctgcctecgte acaacaacag attttcaaat acagacagaa 1080
gtccatattt acaacagagt accagggtgg acatcaccat 1140
1155
moltype = DNA length = 1221

Location/Qualifiers

35
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misc_feature

SOuUurce

SEQUENCE :

atggacagga
gcacctactt
ttacagatga
acatttaagt
gaagaactca
agacccaggyg
acaacattca
tggattacct
ggtggatctyg
tgtgacgatg
ggaaccatgt
tatatgctct
agctctgcca
aggaaaacca

cactgcaggyg
gtggggcaga
gctgagagceg
tgcacaggtyg
gaaggccgtc
acagaaatgg
caccatcacc

SEQ ID NO:
FEATURE
REGION

SOUrce

49

tgcaactcct
caagttctac
ttttgaatgyg
tttacatgcc
aacctctgga
acttaatcag
tgtgtgaata
tttgtcaaag
gtggaggtgyg
acccgccaga
tgaactgtga
gtacaggaaa
ctcggaacac
cagaaatgca
aacctccacc
tggtttatta
tctgcaaaat
aaatggagac
ctgagagtga
ctgcaaccat
atcactaata

50

30

SEQUENCE: 50
GGEGEGESGEGEES GGGGES

SEQ ID NO:
FEATURE
REGION

51

SOUrce

SEQUENCE :
GGGEGES5GGEGEES

51

SEQ ID NO:
FEATURE
REGION

52

SOuUurce

SEQUENCE :
GGGGES

52

SsBEQ ID NO:
FEATURE
migc feature

53

SOUrce

SEQUENCE :
gccaccatgg

53

SEQ ID NO:
FEATURE
REGION

54

SOuUrce

(Gly4Ser)4-extracellulardomain of IL-2 R + glycine spacer

and poly-histidine region
1..412

-continued
1..1221
note = Synthesized unprocessed form IL-2 (Gly4Ser)5-
extracellulardomain of IL-2 R
1..1221
mol type = other DNA
organism = synthetic construct
gtcttgcatt gcactaagtc ttgcacttgt cacaaacagt 60
aaagaaaaca cagctacaac tggagcattt actgctggat 120
aattaataat tacaagaatc ccaaactcac caggatgctce 180
caagaaggcc acagaactga aacatcttca gtgtctagaa 240
ggaagtgcta aatttagctc aaagcaaaaa ctttcactta 300
caatatcaac gtaatagttc tggaactaaa gggatctgaa 360
tgctgatgag acagcaacca ttgtagaatt tctgaacaga 420
catcatctca acactgactyg gtggaggtgg atcaggtgga 480
atcaggtgga ggtggatccg gtggaggtgg atctgagctc 540
gatcccacac gccacattca aagccatggce ctacaaggaa 600
atgcaagaga ggtttccgca gaataaaaag cgggtcactc 660
ctctagccac tcecgtceccectggg acaaccaatg tcaatgcaca 720
aacgaaacaa gtgacacctc aacctgaaga acagaaagaa 780
aagtccaatg cagccagtgg accaagcgag ccttceccaggt 840
atgggaaaat gaagccacag agagaattta tcatttcegtg 900
tcagtgcgtc cagggataca gggctctaca cagaggtcecct 960
gacccacggg aagacaaggt ggacccagcc ccagctcata 1020
cagtcagttt ccaggtgaag agaagcctca ggcaagcecccce 1080
gacttcctgce ctcegtcacaa caacagattt tcaaatacag 1140
ggagacgtcc atatttacaa cagagtacca gggtggacat 1200
a 1221
moltype = AA length = 15
Location/Qualifiers
1..15
note = (Gly4Ser)3 linker
1..15
mol type = proteiln
organism = synthetic construct
15
moltype = AA length = 10
Location/Qualifiers
1..10
note = (Gly4Ser)2 linker
1..10
mol type = protein
organism = synthetic construct
10
moltype = AA length = 5
Location/Qualifiers
1..5
note = (Gly4Ser)l linker
1..5
mol type = proteiln
organism = synthetic construct
5
moltype = DNA length = 10
Location/Qualifiers
1..10
note = Kozak sedquence
1..10
mol type = other DNA
organism = synthetic construct
10
moltype = AA length = 412
Location/Qualifiers
1..412
note = Synthesized unprocessed form of IL-2
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37
-continued
mol type = proteiln
organism = synthetic construct
SEQUENCE: 54
MDSMQLASCY TLTLVLLVNS APTSSSTSSS TARBAQOQOQOOQ QOQOQOOHLEQ LLMDLOQELLS 60
RMENYRNLKL PRMLTFKFYL PKOATELKDL QCLEDELGPL RHVLDLTOSK SFQLEDAENE 120
ISNIRVTVVK LEKGSDNTFEC QFDDESATVV DFLRRWIAFC QSIISTSPOQG GGGSGGGGSG 180
GGGSGGGGSE LCLYDPPEVP NATFKALSYK NGTILNCECK RGEFRRLKELYV YMRCLGNSWS 240
SNCQCTSNSH DKSRKOVTAQ LEHOKEQOQTT TDMQKPTOSM HOENLTGHCR EPPPWKHEDS 300
KRIYHEVEGQ SVHYECIPGY KALQRGPAIS ICKMKCGKTG WIQPQLTCVD EREHHRFLAS 360
EESQGSRNSS PESETSCPIT TTDFPQPTET TAMTETEVLT MEYKGGHHHH HH 412
SEQ ID NO: 55 moltype = AA length = 417
FEATURE Location/Qualifiers
REGION 1..417
note = Synthesized unprocegsed form of IL-2 (Gly4Ser)5-
extracellulardomain of IL-2 R + glycine spacer and
poly-histidine region
source 1..417
mol type = proteiln
organism = synthetic construct
SEQUENCE: bbb
MDSMQLASCY TLTLVLLVNS APTSSSTSSS TARBAQQOQOOQ QOQOQOOHLEQ LLMDLOELLS 60
RMENYRNLKL PRMLTFKEFYL PKOATELKDL QCLEDELGPL RHVLDLTOSK SFQLEDAENE 120
ISNIRVIVVK LEKGSDNTEFEC QFDDESATVV DFLRRWIAFC QSIISTSPQG GGGSGGGGSG 180
GGGSGEEESG GGGSELCLYD PPEVPNATFK ALSYKNGTIL NCECKRGFRR LKELVYMRCL 240
GNSWSSNCOQC TSNSHDKSRK QVTAQLEHOQK EQOTTTDMOK PTQSMHQENL TGHCREPPPW 300
KHEDSKRIYH FVEGOQSVHYE CIPGYKALQR GPAISICKMK CGKTGWTQPQ LTCVDEREHH 360
REFLASEESQG SRNSSPESET SCPITTTDFP QPTETTAMTE TEVLTMEYKG GHHHHHH 417
SEQ ID NO: 56 moltype = AA length = 408
FEATURE Location/Qualifiers
REGION 1..408
note = Synthesized unprocegssed form of IL-2 (Gly3Ser)4-
extracellulardomain of IL-2 R + glycine spacer and
poly-histidine region
source 1..408
mol type = proteiln
organism = synthetic construct
SEQUENCE: b6
MDSMQLASCY TLTLVLLVNS APTSSSTSSS TAREAQQQOQQ QOQOQOOHLEQ LLMDLOELLS 60
RMENYRNLKL PRMLTFKFYL PKOQATELKDL QCLEDELGPL RHVLDLTOSK SEFQLEDAENE 120
ISNIRVIVVK LEKGSDNTEFEC QFDDESATVV DEFLRRWIAFC QSIISTSPOQG GGSGGGSGGE 180
SGGGSELCLY DPPEVPNATE KALSYKNGTI LNCECKRGEFR RLEKELVYMRC LGNSWSSNCQ 240
CTSNSHDKSR KOQVTAQLEHQ KEQOQTTTDMQ KPTQSMHQEN LTGHCREPPP WKHEDSKRIY 300
HEVEGOSVHY ECIPGYKALQ RGPAISICKM KCGKTGWTQP QLTCVDEREH HREFLASEESQ 360
GSRNSSPESE TSCPITTTDE PQPTETTAMT ETEFVLTMEYK GGHHHHHH 408
SEQ ID NO: 57 moltype = AA length = 404
FEATURE Location/Qualifiers
REGION 1..404
note = Synthesized unprocessed form of IL-2 (Gly3Ser)3-
extracellular domainof IL-2 R + glycine spacer and
poly-histidine region
gource 1..404
mol type = proteiln
organism = synthetic construct
SEQUENCE: 57
MDSMOLASCY TLTLVLLVNS APTSSSTSSS TAEAQOQOOQ QOOQOQOOHLEQ LLMDLOELLS 60
RMENYRNLKL PRMLTFKFYL PKOQATELKDL QCLEDELGPL RHVLDLTOSK SFQLEDAENE 120
ISNIRVIVVK LEKGSDNTEFEC QFDDESATVV DEFLRRWIAFC QSIISTSPOQG GGSGGGSGGE 180
SELCLYDPPE VPNATFKALS YKNGTILNCE CKRGFRRLKE LVYMRCLGNS WSSNCQCTSN 240
SHDKSREKOVT AQLEHOQKEQQ TTTDMQKPTQ SMHQENLTGH CREPPPWKHE DSKRIYHEVE 300
GOSVHYECIP GYKALOQRGPA ISICKMKCGK TGWTQPQLTC VDEREHHREFL ASEESQGSRN 360
SSPESETSCP ITTTDFPQPT ETTAMTETEV LTMEYKGGHH HHHH 404
SEQ ID NO: 58 moltype = AA length = 388
FEATURE Location/Qualifiers
REGION 1..388
note = Synthesized unprocessed form IL-2 {(Gly3Ser) 2-
extracellulardomain of IL-2 R + glycine spacer and
poly-histidine region
source 1..388
mol type = protein
organism = synthetic construct
SEQUENCE: 58

MDRMQLLSCI ALSLALVTNS APTSSSTKKT QLOQLEHLLLD LOMILNGINN YKNPKLTRML 60
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-continued
TEFKEFYMPKKA TELKHLQCLE EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
TTEMCEYADE TATIVEFLNR WITFCQSIIS TLTGGGSGGG SELCDDDPPE IPHATEFKAMA 180
YKEGTMLNCE CKRGEFRRIKS GSLYMLCTGN SSHSSWDNQC QCTSSATRNT TKOVIPQPEE 240
QKERKTTEMQ SPMQPVDQAS LPGHCREPPP WENEATERIY HEVVGOMVYY QCVQGYRALH 300
RGPAESVCKM THGKTRWTQP QLICTGEMET SQFPGEEKPQ ASPEGRPESE TSCLVITTTDE 360
QIQTEMAATM ETSIFTTEYQ GGHHHHHH 388
SEQ ID NO: 59 moltype = AA length = 392
FEATURE Location/Qualifiers
REGION 1..392
note = Synthesized unprocegssed form of IL-2 (Gly3Ser) 3-
extracellulardomain of IL-2 R + glycine spacer and
poly-histidine region
source 1..392
mol type = proteiln
organism = synthetic construct
SEQUENCE: 59
MDRMQLLSCI ALSLALVTNS APTSSSTKKT QLOQLEHLLLD LOMILNGINN YKNPKLTRML 60
TFKEFYMPKKA TELKHLQCLE EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
TTEMCEYADE TATIVEFLNR WITFCQSIIS TLTGGGSGGG SGGGSELCDD DPPEIPHATE 180
KAMAYKEGTM LNCECKRGFR RIKSGSLYML CTGNSSHSSW DNQCQCTSSA TRNTTKOVITP 240
QPEEQKERKT TEMQSPMOPY DQASLPGHCR EPPPWENEAT ERIYHEVVGQ MVYYQCVOQGY 300
RALHRGPAES VCKMTHGKTR WTQPQLICTG EMETSQFPGE EKPOASPEGR PESETSCLVT 360
TTDEFQIQTEM AATMETSIFT TEYOGGHHHH HH 392
SEQ ID NO: 60 moltype = AA length = 396
FEATURE Location/Qualifiers
REGION 1..3%06
note = Synthesized unprocessed form IL-2 {(Gly3Ser)}4-
extracellulardomain of IL-2 R + glycine spacer and
poly-histidine region
source 1..3%906
mol type = proteiln
organism = synthetic construct
SEQUENCE: 60
MDRMOQLLSCI ALSLALVTNS APTSSSTKKT QLOQLEHLLLD LOMILNGINN YKNPKLTRML 60
TFKEFYMPKKA TELKHLQCLE EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
TTEMCEYADE TATIVEFLNR WITFCQSIIS TLTGGGSGGG S5GGGSGGGSE LCDDDPPEIP 180
HATFKAMAYK EGTMLNCECK RGFRRIKSGS LYMLCTGNSS HSSWDNQCOQC TSSATRNTTK 240
QVTPQPEEQK ERKTTEMQOSP MQPVDQASLP GHCREPPPWE NEATERIYHF VVGOMVYYQC 300
VOGYRALHRG PAESVCEKMTH GKTRWTQPQL ICTGEMETSQ FPGEEKPQAS PEGRPESETS 360
CLVTTTDFQI QTEMAATMET SIFTTEYQGG HHHHHH 390
SEQ ID NO: 61 moltype = AA length = 400
FEATURE Location/Qualifiers
REGION 1..400
note = Synthesized unprocessed form IL-2 (Gly4Ser)4-
extracellulardomain of IL-2 R + glycine spacer and
poly-histidine region
source 1..400
mol type = proteiln
organism = synthetic construct
SEQUENCE: 61
MDRMQLLSCI ALSLALVTNS APTSSSTEKKT QLOQLEHLLLD LOMILNGINN YKNPKLTRML 60
TEFKEFYMPKKA TELKHLQCLE EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE 120
TTEMCEYADE TATIVEFLNR WITEFCQSIIS TLTGGGGSGE GGSGEEGELGSGEG GGSELCDDDP 180
PEIPHATFKA MAYKEGTMLN CECKRGFRRI KSGSLYMLCT GNSSHSSWDN QCQCTSSATR 240
NTTKOQVTPQP EEQKERKTTE MOSPMOQPVDQ ASLPGHCREP PPWENEATER IYHEVVGOMY 300
YYQCVOGYRA LHRGPAESVC KMTHGKTRWT QPQLICTGEM ETSQFPGEEK PQASPEGRPE 360
SETSCLVTTT DEFQIQTEMAA TMETSIFTTE YOQGGHHHHHH 400
SEQ ID NO: 62 moltype = AA length = 364
FEATURE Location/Qualifiers
REGION 1..364
note = Synthesized mature form IL-2 {(Gly3Ser)3-
extracellular domain ofmutIL-2 R
source 1..364
mol type = proteiln
organism = synthetic construct
SEQUENCE: 62
APTSSSTKKT QLOLEHLLLD LOMILNGINN YKNPKLTRML TEFKEFYMPKKA TELKHLOCLE 60
EELKPLEEVL NLAQSKNFHL RPRDLISNIN VIVLELKGSE TTEFMCEYADE TATIVEFLNR 120
WITEFCOSIIS TLTGGGSGGG SGGGSELCDD DPPEIPHATE KAMAYKEGTM LNCECKRGET 180
SIKSGSLYML CTGNSSHSSW DNQCQCTSSA TRNTTKOVITP QPEEQKERKT TEMQSPMOPY 240
DOQASLPGHCR EPPPWENEAT ERIYHEFVVGQ MVYYQCVQGY RALHRGPAES VCKMTHGKTR 300
WTOQPQLICTG EMETSQFPGE EKPOQASPEGR PESETSCLVT TTDEFQIQTEM AATMETSIFT 3260
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SEQ ID NO:
FEATURE

63

misc_feature

SOUrce

SEQUENCE :

atggacagga
gcacctactt
ttacagatga
acatttaagt
gaagaactca
agacccaggyg
acaacattca
tggattacct
tcaggtggag
aaagccatgg
tcaataaaaa
gacaaccaat
caacctgaag
gaccaagcga
gagagaattt
agggctctac
tggacccagc
gagaagcctc
acaacagatt
acagagtacc

SEQ ID NO:
FEATURE
REGION

sOource

SEQUENCE :

APTSSSTKKT
EELKPLEEVL
WITFCOSIIS
CECKRGFTSI
MOSPMOQPVDOQ
KMTHGKTRWT
TMETSIFTTE

SEQ ID NO:
FEATURE

63

tgcaactcct
caagttctac
ttttgaatgg
tttacatgcc
aacctctgga
acttaatcag
tgtgtgaata
tttgtcaaag
gttcggagcet
cctacaagga
gcgggtcact
gtcaatgcac
aacagaaaga
gccttecagy
atcatttcgt
acagaggtcc
cccagctcat
aggcaagccc
ttcaaataca

agggtggaca

64

64

QLOLEHLLLD
NLAQSKNEFHL
TLTGGEGES GG
KSGSLYMLCT
ASLPGHCREP
QPOQLICTGEM

YQ

65

misc_feature

SOUrce

SEQUENCE :

atggacagga
gcacctactt

ttacagatga
acatttaagt

gaagaactca
agacccaggqg
acaacattca
tggattacct
ggtggatcag
ccagagatcc
tgtgaatgca
ggaaactcta
aacacaacga
atgcaaagtc
ccaccatggg
tattatcagt
aaaatgaccc
gagaccagtc

65

tgcaactcct
caagttctac
ttttgaatgg
tttacatgcc

aacctctgga
acttaatcag
tgtgtgaata
tttgtcaaag
gtggaggtgg
cacacgccac
agagaggttt
gccactcgtce
aacaagtgac
caatgcagcc
aaaatgaagc

gcgtccaggg

acgggaagac
agtttccagy

-continued
364
moltype = DNA length = 1182
Location/Qualifiers
1..1182
note = Synthesized unprocessed form IL-2 {(Gly3Ser) 3-
extracellulardomain of mutIL-2 R Mut
1..1182
mol type = other DNA
organism = gsynthetic construct
gtcttgcatt gcactaagtc ttgcacttgt cacaaacagt 60
aaagaaaaca cagctacaac tggagcattt actgctggat 120
aattaataat tacaagaatc ccaaactcac caggatgctc 180
caagaaggcce acagaactga aacatcttca gtgtctagaa 240
ggaagtgcta aatttagctc aaagcaaaaa ctttcactta 300
caatatcaac gtaatagttc tggaactaaa gggatctgaa 360
tgctgatgag acagcaacca ttgtagaatt tctgaacaga 420
catcatctca acactgactyg gtggaggttce tggtggaggt 480
ctgtgacgat gacccgccag agatcccaca cgccacattce 540
aggaaccatg ttgaactgtg aatgcaagag aggtttcacc 600
ctatatgctc tgtacaggaa actctagcca ctcecgtectgg 660
aagctctgcc actcggaaca caacgaaaca agtgacacct 720
aaggaaaacc acagaaatgc aaagtccaat gcagccagtyg 780
tcactgcagg gaacctccac catgggaaaa tgaagccaca 840
ggtggggcag atggtttatt atcagtgcgt ccagggatac 900
tgctgagagce gtctgcaaaa tgacccacgg gaagacaagg 960
atgcacaggt gaaatggaga ccagtcagtt tccaggtgaa 1020
cgaaggccgt cctgagagtg agacttcctg cctegtcaca 1080
gacagaaatyg gctgcaacca tggagacgtc catatttaca 1140
tcaccatcac catcactaat aa 1182
moltype = AA length = 372
Location/Qualifiers
1..372
note = Synthesized mature form IL-2 (Gly4Ser)4-
extracellular domain ofmutIL-2 R
1..372
mol type = proteiln
organism = synthetic construct
LOMILNGINN YKNPKLTRML TFKEFYMPKKA TELKHLOCLE 60
RPRDLISNIN VIVLELKGSE TTFMCEYADE TATIVEFLNR 120
GGSGEGEGESGG GGSELCDDDP PEIPHATEFKA MAYKEGTMLN 180
GNSSHSSWDN QCQCTSSATR NTTKQVTPQP EEQKERKTTE 240
PPWENEATER IYHEVVGOMY YYQCVOQGYRA LHRGPAESVC 300
ETSQFPGEEK PQASPEGRPE SETSCLVTTT DEFQIQTEMAZA 360
372
moltype = DNA length = 1206
Location/Qualifiers
1..1206
note = Synthesized unprocessed form IL-2 {(Gly4Ser)4-
extracellulardomain of mutIL-2 R
1..1206
mol type = other DNA
organism = synthetic construct
gtcttgcatt gcactaagtc ttgcacttgt cacaaacagt 60
aaagaaaaca cagctacaac tggagcattt actgctggat 120
aattaataat tacaagaatc ccaaactcac caggatgctc 180
caagaaggcc acagaactga aacatcttca gtgtctagaa 240
ggaagtgcta aatttagctc aaagcaaaaa ctttcactta 300
caatatcaac gtaatagttc tggaactaaa gggatctgaa 360
tgctgatgag acagcaacca ttgtagaatt tctgaacaga 420
catcatctca acactgactyg gtggaggtgg atctggtgga 480
atccggtgga ggtggatctyg agectcectgtga cgatgacccg 540
attcaaagcce atggcctaca aggaaggaac catgttgaac 600
cacctcaata aaaagcgggt cactctatat gctctgtaca 660
ctgggacaac caatgtcaat gcacaagctc tgccactcgg 720
acctcaacct gaagaacaga aagaaaggaa aaccacagaa 780
agtggaccaa gcgagcecttce caggtcactg cagggaacct 840
cacagagaga atttatcatt tcgtggtggg gcagatggtt 900
atacagggct ctacacagag gtcctgctga gagcecgtctge 960
aaggtggacc cagccccagce tcatatgcac aggtgaaatg 1020
tgaagagaag cctcaggcaa gccccgaagg ccecgtectgag 1080

39
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agtgagactt cctgcctcgt cacaacaaca gattttcaaa tacagacaga aatggctgca 1140
accatggaga cgtccatatt tacaacagag taccagggtg gacatcacca tcaccatcac 1200

taataa

1. A fusion protein comprising:
(a) a first polypeptide comprising Interleukin-2 (IL-2) or

a functional variant or fragment thereof; and
(b) a second polypeptide, fused in frame to said first

polypeptide, said second polypeptide comprises an

extracellular domain of Interleukin-2 Receptor alpha

(IL-2Ra) or a functional variant or fragment thereof,
wherein said fusion protein has 1L-2 activity.

2. The fusion protein of claim 1, wherein said fusion
protein has an increased IL-potency when compared to
native or recombinant IL-2.

3. The fusion protemn of claim 1, wherein said fusion
protein has an increased persistent I1L-2 stimulation of IL-2R
bearing lymphocytes in vivo when compared to native or
recombinant IL-2.

4. The fusion protein of claim 1, wherein

(a) said first polypeptide comprising IL-2 shares at least
70% sequence 1dentity to SEQ ID NO: 2; and/or

(b) said second polypeptide comprising the extracellular
domain of IL-2Ra. shares at least 70% sequence 1den-
tity to SEQ ID NO: 7.

5. The fusion protein of claim 4, wherein

(a) said first polypeptide comprising IL-2 shares at least
85% sequence 1dentity to SEQ ID NO: 2; and/or

(b) said second polypeptide comprising the extracellular
domain of IL-2Ra shares at least 85% sequence 1den-
tity to SEQ ID NO: 7.
6. The fusion protein of claim 1, further comprising a
linker sequence fused 1n frame between said first polypep-
tide and said second polypeptide.

7. The fusion protemn of claim 6, wherein the linker
sequence Comprises:

(a) a glycine/serine linker;

(b) the sequence set forth 1n SEQ 1D NO: 11, 12, 13, 14,
15, 40, 41, 50, 31, or 52; or

(c) a sequence having least 90% sequence 1dentity to any
one of SEQ ID NO: 11, 12, 13, 14, 15, 40, 41, 50, 51,
or 52.

8. The fusion protein of claim 7, wherein the fusion
protein comprises

(a) the amino acid sequence of any one of SEQ 1D NO:
16,17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 36, 37/, 38,
39, 43, 44, 435, 46, 34, 35, 56, 57, 58, 59, 60, or 61; or

(b) a sequence having at least 80% to any one of SEQ ID
NO: 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 36,
37,38, 39, 43, 44, 45, 46, 54, 55, 56, 57, 58, 59, 60, or
61.

9. The fusion protein of claim 7, wherein the fusion
protein comprises at least one mutation 1n the extracellular

domain of IL-2Rc..

10. The fusion protemn of claim 9, wherein the fusion
protein comprises:

(a) the amino acid sequence of any one of SEQ 1D NO:
62 or 64; or

(b) a sequence having at least 80% to any one of SEQ ID
NO: 62 or 64.

1206

11. A polynucleotide comprising a nucleotide sequence
encoding the fusion protein of claim 1.

12. A host cell comprising the polynucleotide of claim 11.

13. The host cell of claim 12, wherein the host cell
comprises a CHO cell or a COS cell.

14. A method for making a fusion protein of claim 1, said
method comprising mtroducing into a host cell a polynucle-
otide encoding the fusion protein of claim 1 and expressing
the fusion protein 1n the host cell.

15. The method of claim 14, wherein the polynucleotide
encoding the fusion protein 1s operably linked to a promoter
active 1n the host cell.

16. A method for decreasing the immune response 1n a
subject comprising administering to a subject 1n need of a
decrease 1n the immune response a therapeutically effective
amount of the fusion protein of claim 1.

17. The method of claim 16, wherein said subject has an
autoimmune disease.

18. The method of claim 17, wherein said autoimmune
disease comprises type 1 diabetes, multiple sclerosis, rheu-
matoid arthritis, celiac disease, systemic lupus erythema-
tous, juvenile 1diopathic arthritis, Crohn’s disease, ulcerative
colitis or systemic sclerosis, grait versus host disease, pso-
riasis, alopecia areata, or HCV-induced vasculitis.

19. The method of claim 16, wherein the therapeutically
effective amount of the fusion protein comprises 10° to 10°
U of IL-2 activity per adult or 10*£100 fold of IL-2 activity
per adult to decrease an 1mmune response.

20. A method for increasing the immune response 1n a
subject comprising administering to a subject 1n need of an
increase 1n the immune response a therapeutically effective
amount of the fusion protein of claim 1.

21. A method of enhancing the immunogenicity of a
vaccine 1n a subject, comprising:

(a) administering to the subject a therapeutically effective

amount of the fusion protein of claim 1; and,

(b) administering to the subject a vaccine,

wherein said fusion protein enhances the immunogenicity

of the vaccine.

22. A method of overcoming a suppressed 1mmune
response to a vaccine 1 a subject, comprising:

(a) administering to the subject a therapeutically effective
amount of the fusion protein of claim 1; and,

(b) administering to the subject a vaccine,

wherein said fusion protein overcomes said suppressed

immune response to said vaccine.

23. The method of claam 21, wherein administration of
said therapeutically effective amount of the fusion protein
and administration of said vaccine 1s sequential, 1n any
order.

24. The method of claam 21, wherein administration of
said therapeutically effective amount of said fusion protein
and administration of the vaccine 1s simultaneous.

25. The method of claim 21, wherein said vaccine 1s a
cancer vaccine.

26. The method of claim 21, wherein the therapeutically

effective amount of the fusion protein comprises at least 10*
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to 107 TU of IL-2 activity per adult or at least 10°+10 of IL-2
activity per adult to increase an i1mmune response.

27. The method of claim 14, wherein said subject 1s a
human.

28. The method of claim 14, wherein said subject 1s a
domesticated mammal or an agricultural mammal.

¥ ¥ # ¥ o
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