W

20

3¢

WO 2021/202678 PCT/US2021/025107

MASKED HA12 CYTOKINES AND THEIR CLEAVAGE PROBUCTS

This application claims the prionity benelit of U.S. Provisional Application Serial Nos. 63/003,842, filed
Apnl 1, 2020; 63/118,379, filed November 25, 2020; and 63/127.893, filed December 18, 2020; cach of

which is incorporated herein by reference in its entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE

The content of the fellowing submission on ASCH text file is incorporated herein by reference in its
entirety: a conyputer readable form (CRF) of the Sequence Listing (file name:

737762002840SEQLIST TXT, date recorded: March 26, 2021, size: 1,000 KB).

FIELD

This invention relates to masked IL-12 cytokines and methods related to the vse and manofacture of the
same. This invention also relates to cleavage products of said masked {L-12 cvtokines, and methods related

to the use of the same.

BACKGROUND

Cancer 1s the second leading cause of death in the United States, accounting for more deaths than the next
five leading causes (chronic respiratory disease, stroke, accidents, Alzheimer’s discase and diabetes).
While great strides have been made especially with targeted therapies, there remains a great deal of work
to do in this space. Immunotherapy and a branch of this field, immuno-oncology, is creating viable and
exciting therapeutic options for treating malignancies. Specifically, it is now recognized that one hallmark
of cancer is immune cvasion and significant efforts have identified targets and developed therapies to these

targets to reactivate the immune system o recognize and treat cancer.

Cytokines canbe classified in a vagety of ways, such as based on their three-dimensional structure. Some
cytokines are classified as being beterodimeric. Examples of heterodimeric cvickines include 12 and

{1-23. 1L-12 cytokine is a heterodimer comprising p33 and p40 sub-units.
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Cytokine therapy is an effective strategy for stimulating the inunone sysiem {0 induce anti-tumor
cytotoxicity. In particular, aldesleukin, a recombinant form of interdeukin-2 (I1L-2), has been approved by
the FDA for the treatment of metasiatic renal cell carcinoma and melanoma. Unfortunately, cytokines that
are administered to patients generally have a very short half-life, thereby requiring frequent dosing. For
instance, the product label of aldesicukin, marketed under the brand name Proleukin, states that the dmg
was shown to have a halt-fife of 83 minutes in patients who received a 5- minute intravenous (fV) infusion.
in addition, administration of high doses of cytokine can cause adverse health onicomes, such as vascular
feakage, through systersic impwee activation. These findings iltustrate the need for developing -2
cviokine therapeutics that effectively target tumors without the side effects associated with systemic

ipunane activation.

Provided herein are masked IL-12 cyvtokines, cleavage products of said masked 0.-12 cytokines, and

compositions thercof and methods of use thereof for addeessing this need.

SUMMARY

The disclosed invention relates to IL-12 cytokines or functional fragments thereof that are engineered to be
masked by a masking moiety at one or more receptor binding site(s) of the TL-12 cvtokine or funclional
fragment thercof The 1L-12 cytokines are enginecred (o be activatable by a protease at a larget site, such
as in 4 twmor microenvironment, by including a proteolytically cleavable linker. In the masked cyiokine
construct, the masking moiety reduces or prevents binding of the [L-12 cytokine or functional fragment
thereof to its cognate receptor. Upon protealytic cleavage of the cleavable linker at the target site, the 1L-
12 cyiokine or functional fragient thereof becomes activated, which renders if capable or more capable of

binding to its cognate receptor.

Provided herein is a masked H.-12 cytokine comprising a protein heterodimer comprising:
a first poly peptide chain coraprisiag:
N HLI-LI-MM O
and a second polypeptide chain comprising:
N Hi2-12-C T
where HL 1T is a first half life extension domain, L1 is a first linker, MM is a masking moiety, HL2 s a
second half life extension domain, L2 is a second linker, and C is an 1L-12 cyiokine or functional
{ragment thereof,
wherein the first hatf-life extension domain is associated with the second half-life extension domain,
and

wherein one of the first linker or the second linker comprises a proteclytically cleavable peptide.
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in some emboduments, the 1L-12 polypeptide or functional fragment thereof comprises an IL-12p40
polypeptide or functional fragment thereof covalently linked to an IL-12p35 polypeptide or functional
fragment thereof

in some cmbodiments, the 1-12p40 — 1L-12p35 linker is between 5 and 20 amino acids in length.

In sonte eobodiments, the 1L-12p40 — 1L-12p35 linker is rich in amine acid residues G and S,

in some cobodiments, the 1L-12p40 — 1L-12p33 linker comprises SEQ D NO: 3.

In some enbodiments, the IL-12p40 polypeptide comprises SEQ ID NG 1 or an amino acid sequence

having at least one amino acid modification as compared to the amipe acid sequence of SEQ ID NG: L

in some embodiments, the 1L-12p40 polypeptide comprises SEQ ID NGt 1

in some embodiments, the [1-12p40 polypeptide comprises at least one amine acid modification to the
GAG-binding domain (KSKREKKDRY) as compared o the amino acid sequence of SEQ 1D NG: L

in some embodiments, the 1L-12p40 polypeptide comprises SEQ 1D NO: 57

in soime erabodiments, the IL-12p4¢ polypeptide comprises SEQ 1D NO: 58.

In some enbodiments, the H~12p40 polypepiide comprises an amino acid sequence baving one or more
cysteine substitution mutations as compared to the amino acid sequence of SEQ D NO: 1.

in some cmbodiments, the 1L-12p40 polypeptide comprises SEQ 1D NO: 59,

In some embodiments, the 1L-12p40 polypeptide comprises SEQ 1D NG: 60.
Py polypep i

in some embodiments, the IL-12p35 polypeptide comprises SEQ 1D NO: 2 or an amino acid sequence

having at least one amino acid modification as compared to the amino acid sequence of SEQ 1D NG: 2.

in some embodimenis, the 1L.-12p33 polypeptide comprises SEQ 1D NG: 2.

in some embodiments, the 1L-12 cytokine or fuanctional fragment thereof comprises SEQ 1D NQO: 4.

in some embodiments, the 1L-12 cvickine or functional fragment thereof comprises SEQ 1D NO: 61.

In some embodiments, the 1L-12 cyvtokine or functional fragment thereof comprises SEQ 1D NQ: 62.
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in some crbodiments, the IL-12 cytokine or functional fragment thereof comprises SEQ [D NO: 63,

in some embodiments, the 1L-12 cylokine or functional fragment thereof comprises SEQ 1D NO: 64.

in some embodiments, the masking moicty comprises an {L-12 cytokine receplor, or 4 subunit or functional

fragment thereof.

in some embodiments, the masking moicty comprises the extracellular domain of human [L-12RBl or a

fragment, portion, or variant thereof that retains or otherwise demonstrates an affinity to [L~12.

In some embodiments, the masking moiety comprises residues 24 to 237 of human IL-12RB1, namely a

sequence bavipg SEQ ID NO: §.

in some embodiments, the masking moiety comprises residnes 24 to 545 of human [L-12RP1, namely a

sequence baving SEQ 1D NO: 6.

in some embodiments, the masking moiety comprises the extracellular domain of human IL-12RB2 or a

fragment, portion, or variant thereof that retains or otherwise demonstrates an affinity to 1L-12.

in some enmbodiments, the masking moicty comprises residues 24 1o 212 of human 1L-12RP2, namely a

sequence having SEQ D NO: 7.
In some embodiments, the masking moisty comprises residues 24 to 222 of human [L-12RB2, namely a
sequence having SEQ TD NO: 8, or the masking moiety coraprises residues 24 o 227 of hwsan H-12ZRB2,

namely a sequence baving SEQ D NO: 1H

in some embodiments, the masking moiety comprises residues 24 to 319 of human [L-12RB2, namely a
sequence having SEQ 1D NG: 9.

in some embodiments, the masking moiety comprises at least one amino acid modification as compared to

the sequence of SEQ ID NO: 9, optionally wherein said modifications are cysteine substitution mutations.

in some enbodiments, the masking moiety comprises SEQ 1D NO: 65,

in some embodiments, the masking moiety comprises residues 24 to 622 of huwman IL-12RB2, namely a

sequence having SEQ ID NOG: 10
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in some embodiments, the cleavable peptide is from 6 to 10 amino acids in length.

in some embodiments, the cleavable peptide coraprises an amine acid sequence of SEQ 1D NQO: 15

in some cnibodiments, the cleavable peptide comprises an amino acid sequence of SEQ 1D NO: 41,

in some embodiments, the cleavable peptide comprises an amino acid sequence of SEQ 1D NO: 42

in some coibodiments, the cleavable peptide comprises an amino acid sequence of SEQ 1D NO: 43,

in sone eobodinents, the cleavable peptide comprises an amino acid sequence of SEQ ID NO: 44,

In some embodimenis, the cleavable peptide comprises an amino acid sequence of SEQ ID NO: 45

In some embodiments, the first polypeptide chain comprises:

N’ HLi-non-cleavable L3-MM C°

and the second polypeptide chain comprises

N HE.2-¢clcavable £.2-C 7

In some crbodiments, the non-~cleavable linker is between 3 and 18 amino acids in length

In some ermbodiments, the non-~cleavable linker is between 3 and 15 amino acids in length.

In some cmbodiments, the non-clcavable Hiker is rich in amino acid residues G and 5.

In some crabodiments, the non-cleavable linker includes [{(G).S], where n=4 or §.

in some embodiments, the non-cleavable hinker comprises an amino acid sequence as shown in SEQ 1D

NO: 12

in some embodiments, the non-cleavable linker comprises an amino acid sequence as shown in SEQ 1D

NO: 13,

in some embodiments, the non-cleavable linker comprises an amino acid sequence as shown in SEQ 1D

NO: 14

in some ewbodiments, the non-cleavabie linker comprises an amino acid sequence as shown in SEQ D
NO: 54 (GGSGGSGGSGGSGGSSGR).
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in some embodients, the non-cleavable linker comprises an amino acid sequence as shown in SEQ 1D

NG 55 (PGGSGP).

n

in some embodiments, the non-cleavable hinker comprises an amino acid sequence as shown in SEQ 1D

NO: 36 (GGSPG).

In some cmbodiments, the cleavable linker comprises a proteolytically cleavable peptide (CP) flanked on
both sides by a spacer domain (SD):
0 SD1-CP-SD2
where SD1 and SD2 are different, such that the first poly peptide chain coraprises:
N HLI-non-cleavable LI-MM O’
and the sccond polypeptide chain comprises:
N” HL2- S§1-CP-SD2-C

{n some embodiments, the first spacer domain (SD1) is between 3 and 10 amino acids in kength.

in some embodiments, SD1 comprises SEQ D NO: 16

20 in some crabodiments, SD1 comprises SEQ IDNOG: 17,

n some cmbodiments, the second spacer domain (SD2) is between 3 and 6 anino acids in length.

In some crabodiments, SD2 comprises SEQ 1D NG 18

in some embodiments, the proteolvtically cleavable linker comprises SD1-CP-5D2 where SD1 is a first
spacer domain, CP is a cleavable peptide and SD2 is a second spacer domain, and wherein CP has ao amino
acid sequence as shawn in SEQ [D NO: 44 and SD2 has an amino acid sequence as shown in SEQ D NO:
iR,

30
in some embodiments, the proteolvtically cleavable linker comprises SDI1-CP-8D2 where SD1 is a first
spacer domain, CP is a cleavabie peptide and SD?2 is a second spacer domain, and wherein CP has an amino

acid sequence as shown in SEQ D NO: 45 and SD2 has an amino acid sequence as shown in SEQ [D NO:
i8.

[V
n

In some crabodiments, the ¢leavable linker comprises SEQ 1D NG 19,
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In some embodiments, the cleavable Hinker comprises SEQ 1D NO:

in some ermbodiments, the cleavable linker comprises SEQ 1D NO:

in some embodiments, the cleavable linker comprises SEQ 1D NO:

(GGSGGSGGSMPYDLYHPSGR)

in some embodiments, the cleavable linker comprises SEQ 1D NO:

in some cnbodiments, the cleavable linker comprises SEQ 1D NO:

(GGSGGSGGSDSGGFMLTSGR)

In some embodiments, the cleavable iinker comprises SEQ 1D NO:

in some embodimends, the cleavable hinker comprises SEQ 1D NO:

(GGSGGSGGSRAAAVKSPSGE)

In some embodimends, the cleavable linker comprises SEQ 1D NO:

In some embodiments, the cleavable linker comprises SEQ 1D NO:

(GGSGGSGGRISSGLLSGRSSGR)

48
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> (GGSGGSMPYDLYHPSGP)

(GGSCGSDSCOIMLTSGR)

49

50

. (GGSGGSRAAAVKSPSGP})

(GGSGGSISSGLLSGRSSGP)

n some cmmbodiments, the first half-life extension domain comprises a first IgGl Fe domain ora

fragment thereof and the second half-life extension domain comprises a second [gG1 Fc domainora

fragroent thereof,

In some embodiments, the first and/ or second Fo domains each contain one or more modifications that

promote the non-covalent association of the first andd the second half-life extension domains,

1n some cmbodiments, the first half-life extension domain comprises SEQ D NG: 25 (Y349C; T3668S;
L38A; Y407V, and N297A) and the second half-life extension domain comprises SEQ 1D NO 26 (8354C,

T306W and N297A).

In some ewbodiments, the first half-life extension domain comprises SEQ 1D NO: 27 (Y340, T3668S;

L38A; Y407V, N297A and 1253A) and the second half-life extension domain comprises SEQ ID NO: 28

(83540, T366W, N297A and 12534).
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in some embodiments, the first polypeptide chain comprises an armino acid sequence of SEQ 1D NO:34 and

a second polypeptide chain comprises an amine acid sequence of SEQ D NO: 46,
Provided herein is a cleavage product capable of binding to IL-12R, the cleavage product comprising an
11-12 cviokine or functional fragment thereof, preparable by proteolytic cleavage of the cleavable peptide
in a masked IL-12 cytokine as defined in of any one of the statements or embodiments doscribed herein.
Provided herein is a cleavage product of a masked 1112 cytokine, where the cleavage product is
capable of binding to 1L-12R, the cleavage product comprising a polvpeptide comprising:
PCP-8D2-C

wherein PCP is a portion of a proteolytically cleavable peptide; SI2 is a spacer domain; and

is an IL-12 cytokine or functional fragment thereof.
in some embodiments, PCP is a portion of a proteolytically cleavable peptide as descnbed herein,
in some embodiments, SD2 is a spacer domain as described hercin,
in some embodiments, Cis an [L-12 cyviokine or functional fragment thereof as described herein.
In some cmbodiments, the cleavage product comprises an amino acid sequence having about or at least
abont 85%, 86%, §87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% scquence
identity to an amino acid sequence selected from the group consisting of SEQ ID NO: 29,
1o some cmbodiments, the ¢leavage product comprises an amine acid sequence of SEQ 1D NO: 29,

Provided bherein is a nucleic acid encoding any one of the masked IL-12 cytokines described herein.

Provided herein is a nucleic acid encoding one of the chains of any one of the masked IL-12 cytokines

described hercin.

Provided herein is a vector comprising a nucleic acid described herein.

Provided herein is a vector comprising a nucleic acid encoding a masked IL-12 cytokine deseribed herein.

Provided herein is a vector comprising a nucleic acid encoding one of the chains of a masked HL-12

cytokine described herein.

Provided herein is a host cell coraprisiag a nucleic acid descubed bawein,
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in one embodiment, the bost cell is a HEK ¢cll. In another embodiment, the host cell is a CHO cell

Provided herein is a composition comprising any one of the masked 11.-12 cytokines described herem.

5
Provided herein is a pharmaceutical composition comprising any one of the masked 1L-12 cytokines
described herein and a pharmaceutically acceptable carrier.
in some coibodiments, the pharmaceutical comaposition is in single unit dosage form.
16

in sonme embodiments, the pharmaceutical composition is formulated for intravenous adraivistration axd is

i single unit dosage form.

in some embodiments, the pharmaceutical composition is formulated for mjection and is in single unit

13 dosage form.

In some embodiments, the pharmacentical composition is a liquid and 1s in single unit dosage form.

Provided herein is a kit comprising a masked 1L-12 cvtokine as described herein, or a composition

206 described herein, or a pharnrceutical composition described herein.

Provided herein is a method of producing a masked IL.-12 cytokine as described herein comprising

culturing a host cell described herein under a condition that produces the masked 1112 cytokine.

25 Provided herein is a pucleic acid encoding a cleavage product described berein.

Provided herein 1s a composition compnising a cleavage prodact described herein

Provided hercein 1s a pharmaceutical composition comprising a cleavage product described herein, and a

3¢ pharmaceutically acceplable carrier.

Provided herein is a masked 1L~12 cytokine described herein for use in medicine,

Provided herein is a cleavage product described berein for use in medicine.

Provided herein is a method of treating or preventing cancer in a sukject. the methed comprising

adrainistering to the subject an effective amount of a masked IL.-12 cytokine described herein.
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Provided berein 1s a method of treating or preventing cancer in a subject, the method comprising

administering to the subject an effective amount of a composition described hercin

Provided herein is a method of treating or preventing cancer in a subject, the method comprising

administering to the subject an effective amount of a pharmaceutical composition described herein.

Provided herein is 3 method of treating or preventing cancer in a subject, the method comprising
adrainistering to the subject an effective amount of a masked IL.-12 cytokine described herein, wherehy

the masked cviokine is proteolytically cleaved in vive 1o produce a cleavage product described herein
Provided herein is a method of treating or proventing cancer in a subject, the method comprsing a step of
producing a cleavage product in vive that is capable of bindiag to its cognate receptor, wherein the

cleavage product is described herein

In some embodiments, the cancer is a solid tumor.

Provided hercin is a masked H.-12 cytokine described hercin for use in treating or preventing cancer.

Provided herein is a masked HL.-12 cyiokine described herein for use in a method of treating or preventing
cancer, the moethod comprising administening to the subject an effective amownt of the masked 1L.-12
cytokine, whereby the masked cytokine is proteolytically cleaved in vivo io produce a cleavage product as

described herein,

In some embodiments, the cancer is a solid tumor.

Provided herein is a cleavage product described berein for use in {reating or preventing cancer.

Provided herein is a cleavage product described herein for use in a method of treating or preventing
cancer, the method comprising a step of adraimsteting a masked cytokine described herein to a patisut,

theteby producing the cleavage product by proteolytic cleavage of the masked cyiokine in vivo.
Provided herein is a cleavage product described herein for use in a method of treating or preventing
cancer in a subject, the method comprising a step of producing the cleavage prodoct by i vivoe proteolytic

cleavage from a masked cytokine described herein that has been admimsterad to the subject.

In some embodiments, the cancer is a solid umor.
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Provided berein 15 a pharmaceutical cormposition described berein for use in treating or preventing

Cancer.

In some embodiments, the cancer is a solid tumor.

A BREIF BESCRIPTION OF THE BRAWINGS

FIG. 1 shows the structure of exemplary embodiments of a masked cvtokine that inclades a masking
moiety, a cyiokine or functional fragment thereof (“cytokine™), a half-life extension domain, and a first
finker that inchudes a first cleavable peptide (1CP”), a first N-ternunal spacer domain (“INSD™), and a
first C~terminal spacer domain ("1CSD”). These exemplary embodiments also include a second linker
that includes a second cleavable peptide (“2CP”), a second N~ terminal spacer domain ("2NSD”), and a
second C-terminal spacer domain ("2C5D7). As shown by the arrows, while the excoplary embodiments
shows the masking moiety linked to the first linker, and the cytokine or functional fragment thereof is
finked to the first inker and the sccond linker, the masking moiety and the cvtokine or functional
fragment thereof can be interchanged such that the cytokine or functional fragment thereof is linked to the
first linker, and the masking moiety 1s linked to the first linker and the second linker. FIG. 1 shows the

structure of an exeraplary embodiment of a masked ¢ytokine as a monomer.

FIG. 2 shows the stroctre of an exemplary erabodiment of a masked cytokine that includes a masking
moiely, a cytokine or functional fragment thereof (“cytokine”), a first half-life extension domain, and a
second half-life extension domain. The exemplary embodimeent shown in FIG, 2 also inclades a first
finker that inchades a first cleavable peptide (“1CP”}, a first N-terminal spacer domain (“INSD™), and a
first C-terminal spacer domain (“1CSD”), and a second linker that inclades 4 second cleavable pepude
(“2CP7), a second N-terminal spacer domain (“2NSD™), and a second C- terminal spacer domain
(“2CSD™). The exemplary first and second half-life extension domains include “knobs into holes”
modifications that promote the association of the first hati-life extension domain with the second half-life
extension domain, as shown by the “hole” in the first half-life extension domain and the “knob” in the
second half-life extension domain. The first half-life extension domain and the sccond half-life extension
domain are also shown as associating, at least in part, due to the formation of disulfide bonds. It is to be
understond that although the “hole” 1s depicted as part of the first half-life extension domain (linked to
the masking moiety) and the “knob” is depicted as part of the second half-life extension domain (linked to
the cvtoking), the “hole” and the “kuob” can alternatively be included in the second half-life extension
domain and the {irst half-life extension domain, respectively, so that the “hole™ is a part of the second
half-life extension domain (linked o the cyickine) and the “kaob” is part of the first hali-life extension

domain (inked to masking moiety).

FIGs. 3A-38 show exemplary embodiments of masked cytokines prior to {left) and after (right) cleavage
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by a protease, such as at the twmor microenvironment. FEHGs. 3A-3B show exemplary ermnbodiments of a
masked 1L-2 cytokine. Cleavage by a protease releases a masking moiety (e.g., IL-2Rp, as shown in FIG,
38, or releases an IL-2 (FIG, 3A).

FIG 4 shows SDS-PAGE analysis on flow-through (F'T) samples (i.c.. proteins that did not bind to the
Protein A columm) and the eloted (E) samples (1.¢., proteins that bound 1o the Protein A colnmn and were
eluted from it} following production and purification of 1L~2 constructs (AK304, AK30S, AK307,
AK308, AK309, AK310, AK311, AK312, AK313, AK314, and AK315).

FIGs. SA-5D show results from SPR analysis that tested the binding of an exemplary masked iL-2
polypeptide constructs (AK168), or a thil.2 control, to CD25-Fe. FIG., 8A shows the interaction between
AK 168 and CD25-Fc, ¥FIG. 5B shows the interaction between AK 168 activated with MMP and CD25-F¢,
and FIG.SC shows the interaction between a recombinant human TL-2 (hil.-2) control and CD25-Fc.
FIG. 5D provides a table suramarizing the data obiained for the association constant (ka), dissociation
constant (kd), equilibrium dissociation constant (D), as well as the Chi2 vahlue and U-value for each

interaction.

FiGs. 6A-6D shows results from SPR analysis that tested the binding of an excraplary masked IL-2
polypeptide coostructs (AK111), or a rhll-2 control, to CD122-Fe. FIG. 6A shows the interaction
between AK 111 and CD122-Fc, FIG. 6B shows the interaction between AK 111 activated with protease
and CD122-F¢, and FIG. 6C shows the interaction between a recombinant buman IL-2 (thil.-2) control
and CD122-Fe, FI1G, 6B provides a table suramarnizing the data obtained for the association constant (ka),
dissociation constant (kd), equilibrinm dissociation constant (KD), as well as the Chi2 value and U- value

for each inlcraction.

FIG, 7TA shows an exemplary embodiment of a masked cytokines prior to (eft) and after (night) cleavage
by a protease, such as at the tumor microenvironment. FIG. 7B shows SDS-PAGE analysis of an
exemplary masked 1L-2 polypeptide construct that was incubated in the absence (left ane) or presence

(right lane) of the MMP10 protease, which demonstrates the release of (L2 from the Fe portion.

FIGs. 8A-8D show STATS activation (%) in PEMCs treated with the construct AK032, AK035, AKO41T
or thil.-2 as a control. The levels of STATS activation (%) are shown for NK cells, CD8+ T cells, effector
T cells (Teff), and reguiatory T cells (Treg), as determined following incubation with ridL-2 (FEG. 84),
AKO32 (FIG. 88), AKO35 (FIG.8C), or AKO41 (FIG. 8D},

FiGs. 9A-9C show STATS activation (%6) in PBMCs treated with the construct AKU81 or AK032. The

AKO81 construct with and without prior exposure to MMP10 was fested. An isotype control as well as a
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oo IL-2 negaitve control was also tested. The levels of STATS activation (Yo} are shown for NK cells

(FEG. 9A), CDu+ T cells (FIG, 9C), and CD4+ T cells (FIG, 9B).

FiGs, 18A-10D show the results from STATS activation studies in PBMCs using constructs AK031 and
AX111, as well as controls that inchuded an rhil-2 and anti-RSVY antibody. A no-treatroent control was
also tested. ECS0 (pM) is also shown for the rhil -2, AKOR1, and AK111 treatments STATS activation
(%) 1s shown for CD44FoxP3+CD25+ cells (FIG. 104), CD8&+ cells (FIG. 168B), and CD4+FoxP3-
CD25- cells (FIG, 100). FIG. 18D provides EC50 (pM) and fold-change data for the AKO81, AK111

constructs, as well as the thil. -2 control.

FIGs. 11A-311D show the results from STATS activation stadies in PBMUCs using constructs AK167 and
AK 168, as well as controls that included an rhil-2 and anti-RSV antibody. A no-treatment control was
also tested. EC30 (pM) is also shown for the vhil-2, AK 167, and AK 168 treatments. STATS activation
(%o is shown for CD4+FoxP3+CD25+ cells (FIG. 114), CD8+ colls (FIG. 11B), and CD4+FoxP3-
CD25- cells (FIG. 11C). FIG. 11D provides EC30 (pM) and fold-change data for the AK167 and AK 168

constructs, as well as the thil-2 control.

FiGs, 12A-12D show STATS activation (%) in PBMCs treated with the construct AKI65 or AK166, or
anisctype control or as HL-2-Fc control, that were (+ MMP10) or were not previously exposed to the
MMP10 protease. The key as showa in FIG. 12A also applies to FEG. 128, and the key as shown in FIG.
12¢ also applics to FIG. 12D STATS activation (%) is shown for CD4-+FoxP3+ T regulatory cells (FEG.
124), CD4+FoxP3- T helper cells (FIG, 128), CD8+ cytotoxic T cells (FEG, 12€), and CD36+ NK cells
(FIG. 12D0).

FiGs, 13A-13C show STATS activation (Yo} in PBMCs treated with the construct AK 109 or AK110, or
an isoty pe control or an IL-2-Fc control, that were (+ MMP10) or were not previossly exposed to the
MMP16 protease. The key as shown in FIG, 12B also applies to FIG. 13A. STATS activation (%) 1s
shown for NK cells (FIG. 134), CD8 cells (FIG. 13B), and CD4 cells (FIG. 130).

FIGs. 14A-314D show the resulis from STATS activalion studies 1n PBMCs using the constructs AK211,
AK23S, AK253, AK306, AK310, AK314, and AK3 16, as well as an vhil-2 control. STATS activation
(%o} is shown for CO3+CD4+FoxP3+ cells (FIG, 144), CD3+CD4+FoxP3- cells (FIG. 14B), and
CD3+CD8+ cells (FIG. 14C). FIG, 14D provides ECS0 data for each of the tested constructs as well as
the rhil-2 control,

FiGs. 15A-15D show the resulis from STATS activation studies in PBMCs using the constructs AKOS1,
AKI67, AK216, AK218, AK219, AK220, and AK223 that have been activated by protease, as well as an
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thiE-2 control, STATS activation (%) 1s shown for CD4+RoxP3+CD25+ regulatory T cells (FIG. 154,
CD4+FoxP3-CD23- cells (FIG, 188), and CDE+ cells (FEG. 180). FIG, 15D provides ECS0 data for

cach of the tested constructs as well as the rhil-2 control.

FIGs, 16A-16C show STATS activation (%o} in PBMCs treated with the constract AKO81, AK189,
AK190, or AK210, or an anti-BSV control. The key as shown in FIG. 16A also applies o F1Gs.168 and
16C. STATS activation (%) is shown for regulatory T cells (FI1G. 16A), CD4 helper T cells (FIG. 16B),
and D3 cells (FIG. 16C).

FIGs. 17A-17C show STATS activation (%o) in PBMCs treated with the constmuct AK167, AK191,
AKID2 or AK193, or an anti-RSV control. The key as shown in FIG, 17A also applies to FIGs. 178 and
17C. STATS activation (%) is shown for regulatory T cells (FIG. 174), CD4 helper T cells (FIG. 17B),
and CD8 cells (FIG. 170).

FiGs. 18A~18D show results from pharmacokinetic studies carried out in tumor-bearing mice using the
construct AK032, AKO81, AK111, AK167, or AK168, or an anti-R8V control. FIG. 18A provides a
simplistic depiction of the structure of each of the construcis tested. FIG. 18B chows Fe levels in plasma
(ng/ml) by detecting human 1gG, FIG. 18C shows Fe-CD 122 levels in plasma (pg/ml) by detecting
buman CD 122, and FIG, 18D shows Fe-IL2 levels in plasma {pg/ord.) by detectiog homan .- 2. Prior to

the detection step, an anti-buman 1G was used as the capture antibody.

FIGs. 19A-19D show results from pharmacokinetic studies carried out ia tumor-bearing mice using the
constrnct AKI67, AK191 AK 197, AK203, ARK209, or AK21E, oran anti-R3V conirol. FIG. 19A
provides a simplistic depiction of the structure of cach of the constructs tested. FIG. 198 shows Fo levels
tn plasma (ug/mb) by detecting hurnan IgG, FIG, 19C shows Fe-IL2 levels in plasma (pg/ml) by
detecting branan 1L-2, and FIG. 19D shows Fc-CD122 levels in plasma (pg/mb) by delecting buman CD

122. Prior to the detection step, an anti-human [G was ased as the captare antibody.

FIGs. 20A-208 show results from studics testing the 1n vivo responses of CD4, CDi, NK, and Treg
percentages in spleen, blood, and tumor, using the AKO32, AKOBL, AK111, AK167, or AK168 construct,
or an anti-R8Y 1gG control. For spleen tissue, Y6 CO8 cells of CD3 cells (FIG. 2084A), 9% CD4 of CD3
cells (FIG, 268), % NK cells of CD3- cells (FEG. 200), % FoxP3 of CD4 cells (FIG. 26D) is shown. For
blood, % CDS cells of CD3 cells (FIG. 20K), % CD4 of CD3 cells (FIG. 20F), % NK celis of CD3-~ cells
(FEG. 200), %% FoxP3 of CD4 cells (FIG, 20H) is shown. For tumor tissue, % CD8 cells of CD3 cells
(FYG. 200), % CD4 of CD3 cells (FIG. 204), % NK cells of CD3- cells (FIG. 20K), % FoxP3 of CD4
cells (FI1G. 26L) is shown.
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FIGs. 21A-211 show resulls from studies testing the 1 vivo responses of CD4, €D, NK, and Treg
percentages inspleen, blood, and tumor, using the AK167, AK168, AKIS1, AK197, AKZ03, AK209, or
AK211 consiruct, or an anti-RSV 1gG control. For spleen tissue, % CD8 cells of CD3 cells (FIG, 21A),
% CD4 of CD3 cells (FI1G, 218B), 9% NK cells of CD3- cells (FIG. 21C), % FoxP3 of UD4 cells (FIG.
21D) is shown. For blood, % CD8 cells of CD3 cells (FIG.21E), 96 CD4 of UD3 cells (FIG. 21F), % NK
celis of CO3- cells (FEG.21G), 9% FoxP3 of CD4 cells (FIG. 218) is shown. For tumor tissue, % CD8
cells of CD3 cells (G, 215, % CD4 of CD3 cells (F1G. 218, % NK cells of CD3- cells (FIG. 21K}, %
FoxP3 of CD4 cells (FIG, 21L) is shown.

FiGs. 22A-22L show results from studies testing the in vivo responses of CD4, CD8, NK, and Treg
percentages in spleen, blood, and tumor, using the AK235, AK 191, AK192, AK193, AK210, AK 189,
AK1906, or AK211 construct, or an anti-RSV IgG control. For spleen fissue, % CD8 celis of CD3 cells
(FEG. 2243, % CD4 of CD3 cells (FIG. 22B), % NK cells of CD3- cells (FIG. 220), % FoxP3 of CD4
cells (FIG., 221) is shown. Far blood, %6 CDIS cells of CD3 cells (FIG. 22E), % CD4 of CD3 cells (FIG.
22¥), % NK celis of CD3- cells (FIG. 22G), % FoxP3 of CDM4 cells (FIG. 22H) is shown. For tumor
tissue, % CDB cells of UD3 cells (FEG. 221, % CD4 of CD3 cells (FEG. 22J), % NK cells of CD3- cells
(FEG, 22K, % FoxP3 of CD4 cells (FIG, 22L) is shown

FiIGs, 23A-23 show results from i vive T cell activation in spleen, blood, and tumor, osing the AK235,
AKI91, AK192, AK193, AKZ10, AK189, AK1990, or AK211 construct. T cell activation was measured
as the mean fuorescence intensity (MEL) of CD25 in CD8+ T cells (FIG. 2345 FIG. 2305 FIG. 236G),
Ch4+ T cells (FIG, 23B; FIG, 23E; FIG. 23H), or Foxp3+ cells (FIG. 23C: FIG, 23F; FIG. 238 inthe
spleen, blood, and tumor. Statistical analysis was performed using One-way ANOVA as compared to the

non~cleavable AK211 construct.

FYGs. 24A-24D show the results from studics testing the in vivo cleavage of the exemplary masked 1L-2
polypeptide constructs AK 168 (cleavable peptide sequence: MPYDLYHP) and AK209 (cleavable peptide
sequence: VPLSLY; SEQ 1D NO: 15). FiG. 24K shows results from a pharmacokinetic study of total
plasma [gG concentration (pg/ml) for total levels of the AK167, AK 168, and AK209 constructs, and for

fevels of non-cleaved forms of cach constmct.

FiGs. 25A-25D show results from an in vivo study that assessed vascular leakage using the exeniplary
masked IL-2 polypeptide construct AK111 or AK168, or the non-masked IL-2 polypeptide construct
AKO81 or AK167, or an anti-RSV control. FIG.25A shows the percentage (%) of body weight loss, and

FIGs. 238, 25C, and 258 shows the weight in grams of the liver, hung, and spleen, wespectively, for cach

FIGs, 26A and 26B show resulis from as invive study that assessed vascular leakage as indicated by
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incasuring the extent of dye leakage into liver and hung tissue following adrinistration of the AKO81,
AKI1L, AKI67, or AR IS8 construct, or an anti-RSY control. The extent of dye leakage inio liver (16,

26A) and hung (FIG. 268) was measured based on absorbance at 630nm.

FIGs, 27A and 278 show resalis from an in vivo study that assessed vascuolar leakage as indicated by

(=

measuring the exient of monomuclear cell perivascular invasion into the liver and lung tissue following
adnunistration of the AKO81, AK111, AK167, or AK168 construct, or an anti-RSV control. The average
number of mononuclear cells in the fiver (FIG, 274) and the average number of mononuckear cells in the

hing (FIG. 278) depicted for cach.

FIGs. 284 and 288 show results from 4 syngeneic tumor model study that assessed tumor volume and
10 body weight over the course of treatment with the AKO032, AKO81, AK111, AKI67, or AK168 construct,
or an anti-RSV control. FIG, 28A shows data on tumor volume over the course of treatment, and FIG.

288 shows data on the percentage (%) change in body weight over the course of the treatraent.

FIGs, 29A and 29B shows AK471 with 1253 A FeRn mutation induced robust CD8 T cclls expansion in

the TME while remaining inactive in the periphery.

15 FiGs. 30A-30C show AK471 has slightly shorter half-life conpared to aglveo-higGl

FiGs, 31A-31C shows there is no evidence of cleavage or decapitation with AK471 inthe plasma

FIG 32 shows exemplary 10-12 construct formats.

FIGs. 33A and 338 show exeraplary cleavage processes for exemplary molecules AK386G, AK381 and
AK354 (FIG34A), and AK383, AK386, AK434, AK447, AK448, AK446, AKS528 and AKS29
20 (FIGHB).

FIGs. 34A-34D depict the masking of 1L-12 towards {L-12RB1, using SPR analysis that tested the
binding of exermplary masked B.-12 polypeptide constructs (AK384 and AK386) (© thiL-12RB1-Fc.
FIG. 34A depicts the interaction between AK384 and IL-12RB1-Fe, FIG, 348 depicts the interaction
between AK386 and IL-12RB1-Fe, and FI1G. 34C depicts the interaction between a recombinant human
11-12 (rhiL~12) confrol and 1L-12RB1-Fe. FIG, 34D provides a table summarizing the data obtained for

n

the association constant (ka), dissociation constant (kd), equilibrium dissociation constant (KD), as well
as the Chi” value and U-value for each interaction, Due to the shape of the curves, accurate kinetics could

not be determined and thus the KD is estimated based on the on-rate. These results demonstrate that these
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exemplary masked {L-12 polvpeptide constructs (AK384 and AK386) did not demonstrale detectable

binding to L-1ZRB 1-F¢, while the wild-type thiL-12 control did demonstrate detectable binding.

FiGs, 35A-353D depict the maskiog of 1L-12 towards IL-12RB2, using SPR analysis that tested the
binding of exemplary masked 1L-12 polypeptide constructs {AK384 and AK386) to rhlL-12RB2-Fc.
FIG. 35A depicts the interaction between AK384 and [L-12RB2-Fc, FIG. 35B depicts the interaction
between AK386 and 1L-12RB2-Fe, and FIG. 35C depicts the interaction between a recombinant haman
{L~12 {rhiL-12) control and IL-12RB2-Fc. FIG. 358D provides a table summarnizing the data obtained for
the association constant (ka), dissociation constant (kd), equilibrium dissociation constant (KD}, as well
as the Chi” value and U-vahze for each interaction. Due to the shape of the curves, accurate kinetics could
not be deterniined and thus the KD is estimated based on the on-rate. These results demonstrate that an
exermplary masked 1L-12 polypeptide constiuct (AK 386} did demonstrate weak yet detectable binding to
1L~-12RB1-F¢, while the wild-type thil.-12 control and an exemplary 1L-12 polypeptide construct
(AK384) did demonstrate detectable binding.

FIGs 36-40 show the results from Example 6. FIGs 41-43 show the results from Examplc 7. FIGs 44-

32E show the results from Example 8.

FIGs. $3A-830 and FiGs, 84A-34F show the results of a SDS-PAGE and HEK-Blue IL-2 bioassay using

exemplary 1L-13 constructs AK904 and AK910 that do not inchude a peptide substrate, and constracis

AKY32, AK938, AK936 and AK936 that do iaclude a peptide substeate. FEGs 53A-53D shows the SDS-
AGE gel results. FiGs, $4A4-34F show the HEK-Bloe 1L-2 bicassay resulis.

FIGs 35-68 show the results of Example 11 The PE/PD of exemplary muninived molecules AK944,
AK945, AK947 and control AK 9435 were analysed in vivo in two tumor models, MB49 and B16F10.

FIGs 69-718 show the results of Example 12. The PK, PD, hematology and serum chermstry of exemplary

molecules AKGO7, AKY21, AKY23 and control AK671 were analysed in cynomolgus monkeys.

DETAILED DBESCRIPTION

By using a masking moiety, the systenuic side effects of an administered 1L-12 cyiokine or functional
fragment thereof can be reduced by interfering with the binding capability of the TL-12 cviokine or

functional fragment thereof {o iis cognate receptor.

Interdevkin 12 receptor is a type I cytokine receptor, binding interlenkin 12, [t consists of beta Tand beta 2

subunits,



n

35

WO 2021/202678 PCT/US2021/025107

18

By masking the 1L-12 cyickine or fanctional fragment thereof using a linker that inchudes a proteclytically
cleavable peptide, the binding capabality that is interfered with by using the masking moiety can be restored
by cleavage of the cleavable peptide at the tumor microenvironment. Thus, the masked IL-12 cytokines
provided herein are engineered to precisely target pharmacological activity to the tumor microenvironment
by exploiting one of the hallmarks of cancer, high local concentrations of active protease. This feature of
the tumor microenvironiment is used to transform a systemically inert molecule into a locally active {L-12
cviokine or functional fragment thereof in the foror of an JL.-12 cleavage product. Activation of the IL-12
cviokine or functional fragment thereof at the tumor microenvironment significantly reduces systemic
toxicitics that can be associated with drugs that are administered to a subject in active form. Thus, the

masked [L-2 cytokines of the invention may be viewed as a pro-dmg.

Masked H.-12 cvtokines described hercin have been found to show various advantageous propertties.
Masked IL-12 cytokines described anywhere berein have been found to be capable of activating frarme
cells (proliferation and expansion) upon proteolytic cleavage, preferentially in the tumor microenvironment
and at lower levels in the periphery. Masked [L-12 cytolines described anywhere berein have been found
o be capable of promoting tumor eradication (1.e. show anti-tumor activity) and inhibition of metastasis
upon proteolyiic cleavage. Masked IL-12 cvtokines described anywhere herein have been found to
demonsiraie advantageous prolonged drug exposure. Masked {1.-12 cviokines described herein have been
found fo demonstrate advantageous stability. Masked 1L-12 cytokines described herein have been found to
demonstrate advantageous tolerability . Further, masked 1L.-12 cytokines described herein have been found

to demonstrate advardageous pofency.

1. HETERODIMERIC® MASKED CYTOKINES

Provided herein, in some embodiments, s a masked cviokine comprising a masking moiety in a first
polypeptide chain and an iL~12 cytokine or functional fragment thereof in a second polypeptide chain.

Such masked cytokines may be referred to as “heterodimeric’ masked cytokines.

in some crbodiments, the masked cvtoline comprises a protein heterodimer comprising:
a) a first polypeptide chain comprising a masking moicty linked {o a first hatf-life exiension
domainvia a first Hnker; and
b) a second polypeptide chain comprising an IL-12 cytokine or functional fragment thereof

{inked to a second half-life ¢xtension domain via a sccond linker,

wherein the first half-life extension domain is associated with the second hal-life extension domain, and

wherein one of the first lnker or the second linker coraprises a proteolytically cleavable peptide.
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The masking motety. half-life exiension domains, {L-12 cviokine or functional fragment thereof, linkers
and type of association between the first halflife exiension domain and the second half-life extension

domain may be any one of those descnbed herein, and any combination of those described hercin

n

in some embodiments, in the first polvpeptide chain, the first half life extension domain is linked to the
amino terminus of the first linker and the carboxy terminus of the first linker is linked to the amino ferminus
of the masking moiety and, in the second polypeptide chain, the second half life extension domain is linked
to the amino terminus of the second linker and the carboxy tenmious of the second linker is linked to the
anmine terminus of the HL.-12 cviokine or functional fragment thereof. This is shown schematically below
10 where

the first polypeptide chain comprises:

N HLI-LI-MM O
and the second polypeptide chain comprises:
N HLZ-1.2-C O

13 where HL is the first half life extension domain, L1 is the first linker, MM is the masking moiety, HL2 is
the second half life extension domain, L2 is the second linker, and C is the IL-12 cytokine or funclional

fragment thereof.

i1 H~12 Cytokines
20
Provided herein is an (L-12 cytokine or functional fragment thereof for use in a masked cytokine or
cleavage product thereof. A cytokine plays a role in celludar signalling, particularly in cells of the immume
systern. [L-12 is an interleukin, which is a type of cytokine signalling molecule in the immune system that
regulates activities of white biood cells.
23

Endogenous [L-12 exists as two distinct molecules IL-12 p40 and [1.-12 p335, that dimerize inthe cell during

biosynthesis.

The full sequences of 1L-12 p40 and IL-12 p3 5 are (pro-peptides cleaved off during biosy nthesis are showiy
3¢ inbold):

iL.~12 p40 subunit:
MCHOOLVISWFSLVFLASPLVAIWELKKDVY VVELDWYPDAPGEMVVLTCDTPEEDGITW
TLDOSSEVLGSGKTLTIQVEEFGDAGOYTCHEKGGEVLSHSLLELLHKKEDGIWSTDILK DO

35 KEPRNKTFLRCEAKNYSGRFTCWWLTTISTDLTESVKSSRGSSDPQGVTCGAATLSAERY
RGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYENYTSSFFIRDIKPDPRRN
LOLKPLKNSROVEVSWEYPDTWSTPHSYFSLTFCVOQVOQGK SKREKKDRVFTDKTSATVIC
RENASISVRAQDRYYSSSWSEWASVPCS

40 IL-12 p35 cubunit
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MCPARSLLIVATELVLLDHESEARNLPVATPDPGMIEPCLHHSONLLRAVSNMLOKARQTLE
FYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSEMM
ALCLSSIYEDLEMY QGVEFKTMNAKLLMDPKRQOIFLDONMLAVIDELMOALNFNSETVPCK
SSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNAS

The mature forms are as follows:

L-12 p40 subunit:
IWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVKEFGDA
10 GRYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDOKEPKNKTFLRCEAKNYSGRFTCWWLTTIS
TDLTESVKSSRGSSDPOGVTCCAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLEEVMVD
AVHKLKYENYTSSFFIRDHKPDPPEKNLOLEPLENSROQVEVSWEYPDTWSTPHSYFSLTFCVOVQ
GKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCS

15 IL-12 p33 subunit:
RNLPYATPDPGMFPCLHHSONLLRAVSNMLOQKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLP
LELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKR
QIFLDONMLAVIDELMQALNFNSETVPOKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSEYLN

AS

20
They are expressed as two chains that covalently dimerize during biosynthesis through a disulfide bound
between the two subunits: Cysteine C199 of the p40 subunit associates with Cysieine C96 of the p33
subunit.

25

“Functional fragmenis” of an [L-12 cytokine comprise a portion of a full length cyiokine protein which
retaing or has modified cytokine receptor binding capability (e.g., within at least 50%, 80%, 90%, 95%,
96%%, 97%, 98%s, 99% or 100% activity compared to the full length cyvtokine protein). Cyiokine receptor
binding capability can be shown, for example, by the capability of a cytokine to bind to the cytokine’s

36 cognate receptor or a component thereof.

in some embodiments, the TL-12 cytokine orf functional fragment thereof is asy naturally occurring

intedenkin-2 (JL-12) protein ot modified variant thereof capable of binding to an interleukin-12 receptor.

35 In some embodiments, the 1L-12 polypeptide or functional fragment thereof comprises an [L-12p40
polypeptide or functionat fragment thereof covalently linked to an IL-12p35 polypeptide or functional

fragrent thereof

The [L-12p40 polypeptide or functional fragment thereof may be atlached lo the first half hife extension
4G doman such that the first polypeptide chain comprises:
N HL-LI-MM O
and the second polypeptide chain comprises:
N HL2-L2-[1L-12pd0-linker-1L~-12p35} O
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where "1L-12p49° 15 the 1L-12p40 polypeptide or fanctional fragment thereof and “1L-12p357 15 the L~
12p35 polypeptide or functional fragment thercof.

in some embodiments, the IL-12p40 polypeptide comprises SEQ 1D NOG: 1. In some embodiments, the [L-
12p40 polypeptide comprises an amino acid sequence having at least one amino acid modification as
compared to the amino acid sequence of SEQ D NO: 1. Bach of the at least one amino acid modifications
can be any amino acid modification, such as a substitution, insertion, or deletion. In some embodiments,
the IL.~12 cytokine or functional fragment thereof comprises an amino acid sequence having at least 1, at
feast 2, at least 3, af least 4, at least 5, at least 6, at least 7, at least 8, at least 9, or at least 10 amino acid
substitutions as compared to the amino acid sequence of SEQ ID NO: 1. In some embodiments, the L-12
cvtokine or fonctional fragment thereof comprises an amino acid sequence having at least 3 asuino acid

substitutions as conypared to the amino acid sequence of SEQ ID NO: L

The 1L-12p4C poly peptide comprises a glycosaminoglycan (GAG)-binding domain. GAGs, such as heparin
and heparan sulphate, have been shows to bind numercns growth factors and cytokines, including [L-12.
The physiological significance of this binding is two-fold. First, GAGs can serve as co-receptors on cell
surfaces o mamtain high, local concentrations of cytokines. Second, GAGs can regulate bioactivities of
growth factors and cyiokines through multiple mechanisiis including dimerization and protection from

proteolytic degradation.

The GAG-binding domain in the mature foro of the 1L-12 p40 subunit is shown below in beld:

IWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDOSSEVLGSGKTLTIQVKEFGDA
GOYTCHKGGEVLSHSLLLLHEKEDGIWSTDILKD(Q

KEPKNKTFLRCEAKNY SGRETCWWLTTISTDLTESVKSSRGSSDPOQGVTCGAATLSAERY
RODNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHEKLEKYENY TSSFFIRDUKPDPPEN
LOLEPLENSROVEVSWEYPDTWSTPHSYFSLTFCVOVOQCKSKREKKBRVFTDRKTIATVIC
REKNASISVRAQDRYYSSSWSEWASVPCS

Madifications to the GAG-binding domain (KSKREKKDRYV) has been shown herein fo increase the PK
profile of constructs comprising an IL-12 cytokine with a mutated GAG-binding domain, without any
decrease in cytokine activity. Thus, in some embodiments, the IL-12p40 polypeptide comprises at least one
araioo acid modification to the GAG-binding domain. In some embedirsents, the modification to the GAG-
binding domain is a deletion muation. Insome embodiments, the randification o the GAG-binding domain

is a deletion nuation and at feast one substitution pwiation

iIn some embodiments, the GAG-binding domain comprises the amino acid sequence KDNTERV. In some

embodiments, the [L-12p40 polypeptide comprises the amino acid sequence SECQ I NO: 57, In some
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cmbodiments, the GAG-binding domain comprises the amino acid sequence KONTEGRV. In some

embodiments, the 1L-12p40 polypeptide comprises the amigo acid sequence SEQ 1D NG: 38,

in some embodiments, the GAG-binding domain consists of the amino acid sequence KDNTERV. Insome
embodiments, the [L-12p40 polypeptide comprises the amino acid sequence SEQ ID NO: 57, In some
embodiments, the GAG-binding domain consists of the amino acid scquence KDNTEGRV. In some

embodiments, the IL-12p40 polypeptide comprises the amino acid sequence SEQ 1D NO: 58

in some embodinents, the IL-12pd0 polypeptide comprises an amino acid sequence having one or more
cvsteine substitutions as compared to the amino acid sequence of SEQ 1D NO: 1. In some embodiments,
the 1L.-12p40 polypeptide coraprises an aming acid sequence baving an amino acid substitution at position
€252 as compared to the amino acid sequence of SEQ ID NG: 1. In some embodiments, the amino acid
substitotion at position 252 1s 2525, In some embodiments, the TL-12p40 polypeptide compriscs an
amino acid sequence of SEQ D NO: 59, In some embodiments, the [L-12p40 polvpeptide comprises an
amino acid sequence having about or at least about 83%, 869%, 87%, 88%. 89%, 90%, 1%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% scquence identity to the amine acid sequence of SEQ 1D NG: 52 In

some embodiments, the IL-12p40 polypeptide consists of an amino acid sequence of SEQ 1D NG: 59.

in some embodiments, the 1L~12p40 polypeptide comprises an amino acid sequence having one or more
cysteine substitutions as compared to the amino acid sequence of SEQ ID NO: 1, and at least one amino
acid modification to the GAG-binding donain. In sonw embodiments, the 1L-12p40 polypeptide coraprises
an amino acid substitution at position C2525 as compared to the amine acid sequence of SEQ 1D NO: 1,
and the GAG-binding domain comprises the amino acid sequence KDNTERV. In some embodiments, the
11-12p40 polypeptide comprises an amiong acid substifution at position C2325 as compared to the amino
acid sequence of SEQ ID NO: 1, and the GAG-binding domain comprises the amionn acid sequence
KDNTEGRV. In some embodiments, the IL-12p40 polypeptide comprises an amino acid sequence of SEQ
D NO: 60. In some erabodiments, the IL-12p40 polypeptide comprises an amine acid sequence having
about or at least about 85%, 56%, 87%, 88%, 89%, 9050, 91%, 92%, 93%, 94%. 93%, 96%, 97%, 98%, or
99% sequence identity to the amino acid sequence of SEQ ID NO: 60. lu some embodiments, the [L-12p40

polypeptide consists of an amine acid sequence of SEQ ID NO: 60,

in some embodiments, the IL-12p35 polypeptide comprises SEQ 1D NO: 2. In some embodiments, the -
12p353 polypeptide comprises an amino acid sequence having at least one amino acid modification as
compared fo the amino acid sequence of SEQ D NO: 2. Each of the at least one amino acid modifications
can be any amino acid modification, such as a substitution, insertion, or deletion. In some cmbodimenis,
the H.-12 cytokine or functional fragment thereof comprises an amino acid soquence having at least 1, at
feast 2, at least 3, at Jeast 4, at least 3, at least 6, at least 7, at least 8, at least @, or at Ieast 10 amino acid

substitutions as conpared to the amine acid sequence of SEQ ID NG: 2. In some embodiments, the IL-12
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cytokine or funclional fragment thereof comprises an amino acid sequence having at least S amino acid

sabstituiions as compared to the amino acid sequence of SEQ ID NG: 2.

in some embodiments, the 1L-12p40 — 1L-12p35 linker is between 5 and 20 amino acids in fength.

in some cmbodiments, the 1L-12p40 — 1L-12p35 linker is rich in amino acid residues G and 8.

In some cobodiments, the TL-12p40 — TL-12p35 linker only includes amino acid residue types selected

from the group consisting of G and 5.

In some embodiments, the TL-12p40 - 1L-12p35 linker includes {(G).S], where n=4 or §.

In some embodiments, the 1L-12p40 ~1L-12p335 Hnker inchudes a (GGGGS) repeat.

in some embodiments, IL-12p40 — IL-12p335 linker comprises SEQ ID NO: 3. (GGGGSGGGGSGGGGS)

In some embodiments, the 1L~12 cytokine or functionsl fragment thereof comprises SEQ 1D NO: 4. In some
embodiments, the [L-12 cytokine or functional fragment thereof comprises an amino acid sequence having
at feast one amino acid modification as compared to the aming acid sequences of SEQ [D NO: 1 and 2.
Each of the at Ieast one amino acid modifications can be any amino acid modification, such as a substitutios,
msertion, or deletion. In some embodiments, the 1L-12 cvickine or functional fragment thereof comprises
an amine acid sequence having at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at
feast 8, at least 9, or at least 10 amino acid substitutions as compared to the amino acid sequences of SEQ
ID NG 1 and 2. 1o soox embedinnents, the H-12 cytokine or functional fragment thereof comprises an
amiao acid sequence having at least 5 amino acid substitutions as compared to the amino acid sequences

of SEQID NO: 1and 2.

in some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NO: 4. In some embodiments, the IL-12 cytokine or functional fragment thereof
comprises an amino acid sequence having about or at least about 85%, 86%, 87%, 88%, 89%, 90%, ¢1%,
2%, 93%, 94%, 85%, 96%, 97%, 98%, or 39% sequence identity (o the amino acid sequence of SEQ 1D

NO: 4

in some embodiments, the IL-12 cyickine or functional fragment thereof comprises the amino acid
soquence of SEQ ID NO: 61, In some embodiments, the IL-12 cytokine or functional fragment thercof
coraprises an anino acid sequence having about or at Jeast about 83%, 86%, 87%, 88%, 80%, 80%, 91%,
92%. 93%, 94%. 93%, 96%., 97%. 98%, or 99% sequence identity to the amine acid sequence of SEQ ID
NO: 6t
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In some emboduments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ D NG: 62, In some embodiments, the H-12 cytokine or functional fragment thercof
comprises an anmino acid sequence having about or at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%,
2%, 93%. 94%, 95%., 96%, 97%, 8%, or 99% sequence dontity 1o the amino acid sequence of SEQ 1D

NO: 62,

In some cmbodiments, the IL~12 cytokine or functional fragment thercof comprises the amino acid
soquence of SEQ ID NO: 63, In some emmbodiments, the {L-12 cytokine or functional fragment thercof
cormapriscs an amino acid sequence having about or at least about 83%, 86%%, 87%, 88%. 89%%, 90%, 91%.
92%, 93%, 94%, 935%, 96%, 97%, 98%, or 99% sequence dentity to the amine acid sequence of SEQ ID

NO: 63,

In some cmbodiments, the I-12 cviokine or functional fragment thereof compnises the amino acid
sequence of SEQ ID NO: 64, In some embodiments, the IL-12 cvickine or functional fragment thereof
coraprises an amino acid sequence having about or at least about 85%, 86%, 87%, 88%, 59%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to the amino acid sequence of SEQ ID

NO: 64,

i2 Masking Moicties

Provided herein is a masking moiety for use in a masked cytokine. It will be understood that the masking
moeiety is cleaved from the masked cviokine fo form the cleavage product thereof. The masking moicty
masks the IL-12 cylokine or functional fragment thereof in the masked cytokine thereby reducing or

preventing binding of the IL-cytokine or fanctional fragment thereof to its cognate receptor.

The 1L-12 receptor, beta 1, or IL-12RB1 is a subunit of the TL-12 receptor complex. H.~12RB1 is also known
as CD212. This pmiein binds o interdeukin-12 (JL-12) with a low affinity. This protein forros a disulfide-
Hinked oligomer, whichis required for ifs JL-12 binding activity. The 1L-12 receptor, beta 2, or IL-12RB2
is a subunit of the IL-12 receplor complex. The coexpression of IL-12RB1 and IL-12RB2 protein has been

shows to Jead to the formation of bigh-affinity H.-12 binding sites.

Methods for determining the extent of binding of a protein {e.g. cyiokine} o 3 cognaie protein (e,

cyviokine receptor) are well known in the art.

in some embodiments, the masking molety comprises an extracellular domain of an 1L-12 cytokine

receptor, ot a subunit or functional fragment thereof.
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Interfeukin-12 receptor subumnit beta~1, also catled CD212 has the sequence:

MEPLVTWVVPLLFLFLLSROQGAACRISECCFODPPYPDADSGSASGPRDIRCYRISSDRY.
HOSWOYEGPTAGY SHFELROCLSSGRCCYFAAGEATRLOFSDOAGYSYEY TV TEWVESWAR

5 NOTEKSPEVITLOLYNSVKYEPPLGDIKVSKLAGOLRMEWETPDNOVGARYORRARTPSSE
WKLGDCGPODRDTESCLUPLEMNVAOEFOLRRROLGSQGSSWSEWSSPIVCVPPENEPOPO
VRISVEQLGODGRRRLTIKEGPTOLEL PEGCOGLAPGTEVTYRLOLAMILA KAKATRT
LHLGRMPVLSCGAAYNVAVISSNQFGPGINQTW HIPADTHTEL VALNISVGINGTTMYWEPA
RAOSMIUYCIER QPYGODGGLATCSLTAPQDPDPAGMATYSWSRESGAMGOERXCYYITIES

10 SMAHPERLILWSTVISTYHEGGNASAAGT PHH Y SYENESLDSV SV DIVAPSLLSTCPGVLEE
YVVRCRDEDSKOVSEHPVOPTETOVILSGLRAGYAYTVOVRADTAWLRGY WSQPORESIE
VOVSPDWLIFFASLGSFLSILLVGVLGYLGLRRAARBLCPPE P TPCASSAINFPCGRETW
PV EEASLG NYYVEMSWDKGERTER TELPEGAPELALBTELSLEDGDRCKA

BM

Interleukin-12 receptor subunit beta~2 has the sequence:

MAHTFRGCSLAFMEFNNTWEESKA XD CRRGOVTVKPSHVIL L GSTVNITCSLEPROGCTE
HYSRRNKLILYKFDRRINFHHGHSINSOVIGLPLGTTLEVCKLACINSDEIOICGAEIEY
W GVAPEQPONLISCIOKGEQGIVACTWERGRDTHI Y TEY TLOLSGPKNLIWOKQCKDIYCDY

RCTLYWRDFGLYILILNRLRYRPSNSRLWNMUNVIKAKGRIDLLIDUEPFTEYEFQISSKLIHE
YRGSWSDWSESLRAQTPEEEPTGMLDYV W YAMERIIDYSROQISLEWRNISVSEARGRILHY
OV IO T GORAMTONITGH TS TTVIER TGN WAV AVSAANSEGSSLLTRINIMNICEAS
25 LLIAPROVSANSEGMDNILVIWOPPREDPSAVOEY VI WRELHPGGDTOVPINIWIRSRPYN
POALISENIKSYICYEIRVYALSGDOGGCSS LGNSKHEAPLSGP HINAITEEKGSILIS
WNSIPYQEQMGULLHYRIVWE ERDSNSQPOL CEIP Y RVSONSHPINSLOPRV IV VT WAMTA
LTAAGESSHONEREECLOGKANWMAFVAPSICIAIMV GIFSTEYFQOKVEVLLAALRPQ
WOSREIPDPANSTCAKKYPIARFKTOLPLDRULIDWPIPEDPEPY VISEVIEHOVIPVERH
30 PROSNWRPORERGIOGHOASEKDMMHSASSPPPPRALOAESROLYBLYKVLESRGSDPKPE

NPACPWIVEPAGDI PTHDGYIPSNEDDE PSHEAPT ADSEERENPOHISTSYVEPSSSUHPL,

TESCGDKLTLDOLKMRODSEME

The bold indicates the pro-peptide, the italics with underline indicates the extraceliular domain, the italics

35 indicates the transmembrane domain and the bold with underiine indicates the cytoplasmic domain.

In some embodiments, the masking moicty compriscs the extracellular domain of human 1L-12RB1 or a

fragment, portion, or vanant thereof that retains or otherwise demonstrates an affinity to 1L-12.

4¢  In some embedirnests, the masking moiety comprises an amino acid sequence having an amino acid
sequence of human [IL-12R$1 with one to four aming acid substitstions. In some embodiments, the masking
moicty comprises an amino acid sequence having an amino acid sequence of haman L-12RBE with one or

two arne acid substitutions.
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in sorne embodiments, the masking molety compnises tesidues 24 to 237 of human [L-12RB1, namely a
seguence having SEQ ID NO: § or a fragment, portion, or variant thereof that relains or otherwise
demonsirates an affinity to IL-12. Insome embodiments, the masking moiety comprises IL-12R$1 having
SEQ ID NO: 5. {n some embodiments, the masking moiety comprises an amino acid sequence having about

or at least about 85%, 86%%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%

n

sequence identity to any one of the amino acid sequence of SEQ 1D NO: 3. In some embodiments, the
masking moiety comprises an amino acid sequence having the amino acid sequence of SEQ D NO: § with
one to four amino acid substitutions. In some embodiments, the masking moicty compriscs an amino acid

sequence baving the amine acid sequence of SEQ ID NO: 5 with one or two anuno acid substifuiions.

in some embodiments, the masking moiety comprises residues 24 to 545 of huwsan TL-12RBA, namely a
sequence baving SEQ ID NO: 6 or a fragment, postion, or vartant thereof that retains or otherwise
deraonstraics an affinity 0 1L-12. In some embodiments, the masking moicty comprises IL-12R$1 baviag
SEC I NO: 6. In some embodiments, the masking moiety comprises an amino acid sequence having about
15 or at least about 85%, 86%, 87%, 88%. 89%, 90%, 91%. 92%, 93%, 94%. 95%, 96%, 7%, 98%, or 99%
sequence identity to any one of the amino acid sequence of SEQ 1D NQO: 6. In some embodiments, the
masking moiety comprises an amino acid sequence having the amine acid sequence of SEQ 1D NO: 6 with
one 1o four amino acid substitntions. In some embodiments, the masking moiely comprises an amino acid

sequence having the amino acid sequence of SEQ ID NO: 6 with one or two amino acid substitutions.

in some embodiments, the masking moiety comprises the extracellular domain of buman IL-12RB2 or a
fragraent, portion, or variant thereof that retains or otherwise demonstrates an affinty to 1L-12. It some
embodiments, the masking moiety comprises an amino acid sequence having an amino acid sequence of
human IL-12RB2 with one to four amuno acid substitutions. In some cmbodiments, the masking moicty
25 comprises an amino acid sequence having an amino ackd sequence of human JL-12RB2 with one or two

amino acid substitations.

in some embodiments, the masking moiety comprises residues 24 to 212 of human [L-12RB2, namely a
sequence having SEQ 1D NO: 7. In some embodiments, the masking roolety comprises an amino acid
3¢ sequence having about or at keast about 85%, 86%, 87%, 88%, 89%. 90%, 919%, 92%, 93%, 94%, 95%,
6%, 97%, 98%, or 99% sequence identity 1o any one of the amino acid sequence of SEQ ID NO: 7. In
some enbodiments, the masking moiety comprises an amino acid sequence having the amino acid sequence
of SEQ ID NO: 7 with one to four amino acid substitutions. In some embodiments, the masking moiety
comprises an amino acid sequence having the amino acid sequence of SEQ ID NO: 7 with one or two amino

35 acid substitutions.

in some embodiments, the masking moiety comprises residues 24 to 222 of human [L-12RB2, namely a

sequence having SEQ I NO: 8. In some ewbodiments, the masking mwoiely comprises an amino acid
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sequence having about or at keast about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
6%, 97%, 98%, or 99% sequence identity {0 any one of the amine acid sequence of SEQ ID NQO: 8. In
some embodiments, the masking moiety comprises an amino acid sequence having the amino acid sequence

of SEQ 1D NO: 8 with one to four amino acid substitutions. In some embodiments, the masking moiety

n

cormnprises an amino acid sequence having the amine acid sequence of SEQ D NO: 8 with one or two amino

acid substitutions.

In some embodiments, the masking moiety comprises residues 24 to 319 of humpan [L-12RB2, namely a
sequence having SEQ 1D NO: 9. In sovie embodiments, the masking mwiety comprises an amino acid
16 sequence having about or at least about 85%6, 86%, 879, 88%, 89Y%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% sequernce identity to asy one of the amivo acid sequence of SEQ ID NO: 9 In
some enbodiments, the masking moiety comprises an amino acid sequence having the amino acid sequence
of SEQ 1D NO: 9 with one to four aming acid substitutions. 1o some embodiments, the masking moicty
comprises an amino acid sequence baving the amino acid sequence of SEQ ID NO: 8 with one or two aming

13 acid substitutions.

In some embodiments, the masking moiely comprises residues 24 to 319 of buman IL-12RP2, namely a
sequence having SEQ 1D NO: 9, with one or more cysieine substitutions. In some embodiments, the
masking moiety comprises residues 24 t0 319 of human IL-12R$2, namely a sequence having SEQ 1D NO:
20 9, with an amino acid substitution at position C242. In some embodiments, the anino acid substitution is
at position €242 15 C2425. In soime embodinents, the nasking moiety comprises an amino acid seguence
of SEQ 1D NO: 65, In some embodiments, the masking moiety comprises an amineo acid sequence having
about or at least about 85%, 86%, 87%, $8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, or
99% sequence identity {o the amine acid sequence of SEQ ID NO: 65, Insonic embodiments, the masking
25 motety coosists of an amiso acid sequence of SEQ 1D NO: 65 1o some embodimends, the masking moiety
comprises residues 24 to 622 of buwman IL-12RP2, namely a sequence having SEQ 1D NO: 10, In some
embodiments, the masking moicty comprises an amino acid sequence having about or at least about 85%,

86%., 7%, 8% Yo, F0%, F1%, F2%, 93%, 94%. 95%, 96%. 97%, 98%. or 99% sequence identity to

any one of the amino acid sequence of SEQ ID NO: 10 In seme embodiments, the masking moiety
3¢ comprises an amino acid sequence having the amino actd sequence of SEQ 1D NG: 10 with one to four
antino acid substitutions. In some embodiments, the masking moiely comprises an amino acid sequence

having the aming acid sequence of SEQ ID NO: 10 with one or two aming acid substitutions.

in some embodiments, the masking moiely comprises residues 24 to 227 of human [L-12RB2, namely a

35 sequence having SEQ 1D NO: 11, In some eubodiments, the masking moicty conprises an aming acid
G 4 4 3 iy

sequence having about or at least abowt 85%, 86%, 87%, 8894, 89%, 90%, %1%, 92%, 93%, 94%, 95%,

96%, 97%, 9%, or 9

sequence idestity to any one of the amino acid sequence of SEQ IDNO: 1 In

some embadinents, the masking raoiety comprises an amine acid sequence having the amine acid sequence
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of SEQ ID NO: 11 with one to four amino acid sebstitutions. In some embodiments, the masking moiety
compriscs an amino acid sequence having the amino acid sequence of SEQ D NO: 11 with one or two

antino acid substitutions.

1.3 Linkers

Provided herein are hinkers for use in a masked cytokine or cleavage product thereof. A linker as provided
herein refers to a peptide of two more amino acids that is used o link two functional components together

in the masked cytokines described herein

The masked cvtokine comprises a first linker and a second linker, where one of the [irst linker or the second

Binker comprises a proteolytically cleavable peptide.

in some embodiments, the second linker comprises a proteolvtically cleavable peptide (linker herein
referred to as a “proteclvtically cleavable linker’) and the first linker does not comprise a proteolytically
cleavable peptide (linker herein referred to as a ‘non-proteoiytically cleavable linker’) such that the first
polvpeptide chain comprises;
N’ HL3-non-cleavable LI-MM
and the second polypeptide chain comprises
N’ HL2-cleavable L2-C O

in some embodiments, the first linker comprises a proteolytically cleavable peptide (linker herein referred
to as a “profeolvtically cleavable linker” or ‘cleavable hinker’) and the second linker does not comprise a
proteolytically cleavable peptide (linker herein referred to as a “non-proteolvtically cleavable hinker’ or
‘non-cicavable linker”) such that the first polypeptide chain comprises:
N’ HLI- cleavable LI-MM O
and the second poly peptide chain comprises
N’ HLZ2- non-cleavable L2-C O

The non-cleavable linkers and cleavable linkers of some embodiments are described in more detail below.

1.3.1 Nen-Protesiytically Cleavable Linkers

In some crabodiments, the non-cleavable linker is between 3 and 18 amino acids in length

in some erabodiments, the non-cleavable Hnker is between 3 and 13 amino acids in length.



n

WO 2021/202678 PCT/US2021/025107

29

in some erbodiments, the non-cleavable linker is rich in amino acid residaes G and S.

in some embodimenis, the non-cleavable linker only includes amino acid residue types selected from the

group consisting of G and S.

in some embodiments, the non-cleavable linker includes [{G)S}, where n=4 or 5.

In some embodiments, the non-cleavable linker comprises an araino acid sequence as shown in SEQ 1B

NO: 12 {GGGES).

in some embodiments, the noun-cleavable linker comprises an araino acid sequence as shown o SEQ ID

NO: 13 (GCGGSGGGGS).

in some embodiments, the non-cleavable linker comprises an amino acid sequence as shown in SEQ D

NG: 14 (GGSGGGSGGGGES).

In some embodiments, the non-cleavable linker comprises an amino acid sequence as shown in SEQ D

NO: 34 (GGSGGSGGSGGSGGESGP).

In some embodiments, the non-cleavable Hnker comprises an amino acid sequence as shown in SEQ D

NO: 35 PGGSGP).

in some embodiments, the non-cleavable linker comprises an aniino acid sequence as shown in SEQ ID

NGO 36 (GGSPG).

in some embodiments, wherein the sccond Huker comprises a proteolytically cleavable peptide such that
the second linker is a proteclytically cleavable linker and the first linker does not comprise a proteoly tically
cleavable peptide such that the first linker is a non~ proteclytically cleavable linker, the non-cleavable hinker
is between 3 and 18 amino acids in length In some embodiments, the non-cleavable linker comprises an
amino acid sequence as shown in SEQ ID NO: 12 (GGGGS). In some embodiments, the non-cleavable
linker comprises an amino acid sequence as shown in SEQ ID NO: 13 (GGGGRGGGGR). In some
embodiments, the non-cleavable linker comprises an amino acid sequence as shown in SEQ D NO: 14
(GGSGGGIGGGGER). In sorne embodiments, the von-cleavable linker corprises an amino acid sequence
as shown in SEQ ID NO: 54 (GGSGGSGGSGGSGGRSGP). 1o some embodiments, the non-cleavable
fioker comprises an amino acid sequence as shown in SEQ ID NO: 35 (PGGSGP). In some embodiments,

the non-cleavable Hnker compriscs an amino acid sequence as shown in SEQ ID NG: 56 (GGSPG).
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in some embodiments, it is desirable for the first and second polvpeptide chains to be of the same or a
sirnifar length to facibitate the {irst half ife extension domain associating with the second half life extension
domain and the masking moiety masking the IL-12 cytokine or functional fragment thercof in the assembled
construct. As such where the masking moiety is a shorter amino acid sequence than the 1L-12 cytokine or
functional fragment thereof, the difference in length may be compensated fully or in part by using a longer
finker L1

1.3.2 Proteolytically Cleavable Linkers

in some cmbodiments, the cleavable tinker is from 10 to 25 amine acids in length.

In some embodiments, the cleavable linker comprises a proteolviically cleavable peptide (CP) flanked on
both sides by a spacer domain (SD) as shown below:
SD-CP-SD

Cleavable Peptides

The cleavable hioker comprises a cleavable peptide.

A cleavable peptide is a polypeptide that inchudes a protease cleavage site, such that the cleavable peptide
18 proteolytically cleavable. Proteases are enzymes that cleave and hvdrolyse the peptide bonds between
two specific amino acid residues of target substrate proteins. A “cleavage site” as used herein refers to a
recognizable site for cleavage of a portion of the cleavable peptide found in any of the linkers that comprise
a cleavable peptide described herein. Thus, a cleavage site may be found in the sequence of a cleavable
peptide as described herein. In some embodiments, the cleavage sife is an amino acid sequence that is

recognized and cleaved by a cleaving agent.

in some embodiments, the proiease cleavage sife is a tumor-associated protease cleavage site. A “tumor-
associated protease cleavage site” as provided herein is an amino acid sequence recognized by a proiease

whose expression is specific or upregulated for a tumor cell or tumor cell environment thereof.

The tumor cell environment 1s complex and can comprise muliiple different proteases. As such, the precise
site at wiich a given cleavable peptide will be cleaved in the tumor cell environment may vary between
tumor types, between paticnts with the same turaor type and even between cleavage products formed in the
same tumor dependent on the specific tumor cell environment. Morcover, even after cleavage, further
modification of the initial cleavage product, e.g. by removal of one or two terminal amino acids, may ocour

by the further action of proteases in the tumor cell environment. A distribution of cleavage products can
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thas be expecied lo form in the tumor cell environment of a patient following adminstration of a single

structure of a masked cylokine as described herein.

1t will be understood that a cleavage sile as referred to herein refers to a site between two specific amino
acid residues within the cleavable peptide that are a target for a protease known to be associated with a
tmor cell environment. In this sense, there may be more than one cleavage site present in a cleavable
peptide as described herein where different proteascs cleave the cleavable peptide at different cleavage
sites. It is also possible that more than one protease may act on the same cleavage site within a cleavable

peptide. Discussion of protease cleavage sifes can be found inthe art.

Thus, the cleavable peptides disclosed hercin may be cleaved by one or more proteases.

In some embodirments, the cleavable peptide is a subsirate for a protease that is co-localized in a region or

a tissue expressing the fL-12 cytokine receptor.

in some embodiments, the cleavable peptide 15 a S-mer (i.¢. peptide 5 amino acids in length), G-rer (i,
peptide 6 amino acids in length), 7-mer (i.e. peptide 7 amino acids in lengthy, 8-mer (1.¢. peptide 8 amino
acids in length), 9-mer (i.e. peptide 9 amino acids in length), 10-mer (i.e. peptide 10 amino acids in lengthy,
11-mer {1.e. poptide 11 amino acids in fength), 12-mer (i.e. peptide 12 amino acids in fength), 13-mer (ie.
peptide 13 amino acids in length), 14-mer (e peptide 14 amino acids in Jength), 15-mer (i.e. peptide 15
araino acids io length), 16-mer (.. peptide 16 amino acids in lengthy, 17- mer (1e. peptide 17 amino acids

in length), or 18-mer (i.c. peptide 18 amino acids in length).

in some cmbodinents, the cleavable peptide is from 3 {0 18 amine acids inJength. In some crubodiments,

the cleavable peptide 1s from 6 to 1€ amino acids in length.

in some embodiments, the cleavable peptide within the cleavable linker comprises an amine acid sequence

selected from the proup consisting of:

Sequence

(* indicates a cleavage site
within the cleavable peptide)
MPYD*LYHP
DSGGHFMLT

HEQ*LTV

RAAA*VKSP

VPLS*LY

ISSGLL*SGRS
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DLLA*VVAAS !

Purely by way of example, in the above table, * indicates a known or observed protease cleavage site within

the cleavable peptide.

In some embodiments, the cleavable peptide comprises an amino acid sequence of SEQ ID NO: 15,
(VPLS*LY), for example the cleavable peptide may comprise an anino acid sequence of SEQ ID NO: 210
(VPLSLYSG). In some embodiments, the cleavable peptide comprises an amino acid sequence of SEQ D
NO: 41 (MPYDALYHP). In some embodiments, the cleavable peptide comprises an amino acid sequence
of SEQ ID NO: 42, (DSGGFFMLT). In some embodimenis, the cleavable peptide comprises an amino acid
seguence of SEQ ID NO: 43, (RAAAYVKSP). In some embodiments, the cleavable peptide comprises an
amino acid sequence of SEQ 1D NGO 44, (ISSGLL*SGRS), for example the cleavable peptide may
comprise an amino acid sequence of SEQ 1D NO: 211 JSSGLLSGRSDQP). In some embodiments, the
cleavable peptide comprises an amine acid sequence of SEQ ID NO: 435, (DLLA¥VVAAS).

In some embodiments, the cleavable peplide consists of an amino acid sequence of SEQ 1D NG: 15,
(VPLS*LY). In some embodiments, the cleavable peptide consisis of an amino acid sequence of SEQ 1D
NO: 210 (VPLSLY SG). In some embodiments, the cleavable peptide consists of an amino acid sequence
of SEQ ID NQO: 41. (MPYD*LYHP). In some embodiments, the cleavable peptide consists of an amino
acid sequence of SEQ 1D NO: 42, (DSGG*FMLT). In some embodiments, the cleavable peptide consisis
of an amino acid sequence of SEQ 1D NO: 43, (RAAA*VEKSP). In sone embodiments, the cleavable
peptide consists of an amino acid sequence of SEQ 1D NQ: 44 (ISSGLL*SGRS). In some embodiments,
the cleavable peptide consists of an amino acid sequence of SEQ ID NO: 211 (ISSGLLAGRSDOP). In
some cmbodiments, the cleavable peptide consists of an amiso acid sequence of SEQ D NO: 43,
(DLLA*VVAAS).

Cleavable peptides having an amine acid sequence as showao in SEQ TD NOs: 44 or 43 have been found to
demonstrate very specific cleavage in the tumor cell environment compared to non-tumor cell environment.
Thus, when these cleavable peptides are incorporated into a masked {L-12 cytokine as disclosed anywhere
herein, any systermc side effects of the administered 1L-12 cyiokine or fanctional fragment thereof may be

further reduced.

Spacer Domains
A spacer domain may consist of one or more amino acids. The function of the spacer domains, where
present, is to ok the proteolytically cleavable peptide (CP) 1o the other functional components in the

constructs described herein
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it will be understood that spacer domains do not alter the biological interaction of the proteclytically
cleavable peptide with proteases in the tumor-cel environment or in non-tinmor cell environment. In other
words, even in the presence of spacer domains the inventive proteolytically cleavable peptides disclosed

herein retain their advantageous tumor spectficity.

in some embodiments, the spacer domains {lanking the proteolytically cleavable peptide are different.

In sone eobodiments, the spacer domains are rich in amino acid residues G, S and P

in some coibodiments, the spacer domains only includes amino acid residuc types sclected from the group

corsisting of G, S and P.

In sooe embodiments, the cleavable linker comprises:
N’ SPD1-CP-sp2 O

where SD1 is a first spacer domain and SD2 is a second spacer domain.

in some embodiments, the cleavable linker comprises:

N’ §Bi-CP8D2 O

n some cmmbodiments, the first polypeptide chain comprises:
N’ HLI-non-cleavable LI-MM O
and the second polyvpeptide chain comprises:
N HLZ- SPBI-CP-SD2-C T

Ia seme embodiments, the first polypeptide chain compruses:

N HEL- SPBI-CP-SD2 -MM O
and the second polypeptide chain comprises:

N HL2- non-cleavable L2-C 7

in some embodiments, the N-tarminus of SD1 is a glycine (G).

in some embodiments, the first spacer domain (SD1) is between 3 and 10 amino acids in fength, In some

embodiments, the first spacer domain (3D1) is between 5 and 9 amino acids in length.

in sone cobodiments, SD1 comprises SEQ 1D NO: 16, (GGSGGR)

in some embodimenis, SD1 comprises SEQ ID NO: 17. (GGSGGIGGS)
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in some embodiments, the Cuerminus sequence of SD2 is ~GP O

1 some embodiments, the second spacer domain (SD2) is between 3 and 6 amino acids in kength.

n

in some cnbodiments, SD2 comprises SEQ 1D NO: 18, (SGP)

Exemplary combinations of SD1 and SD2 in a cleavable linker are shown below:

Linker structuse SD1 sequence SD2 sequence
SDE-CP-SD2 GGSGGS SGP
SD1-CP-SD2 GGSGGSGGS SGP

in some ewbodiments, the proteolytically cleavable linker comprises SDI-CP-SD2 where SD1 is a fiest
10 spacer domain, CP s a cleavable peptide and SD2 is a second spacer domain, and wherein CP bas an amino
acid sequence as shown in SEQ 1D NO: 44. 1s some embodiments, the spacer domains are rch in amino
acid residues 3, S and P. In some embodiments, the spacer domains only inchide amine acid residue types

selected from the group consisting of G, S and P.

[
[

In some embodiments, the proteolvircally cleavable linker comprises SD1-CP-SD2 where 3D1 is a first
spacer domain, CF is a cleavable peptide and 8D2 is a second spacer domain, and wherein CP has an amino
acid sequence as shown in SEQ 1D NO: 45, In some embodiments, the spacer domaing are rich in aming
acid residues G, S and P. In some embodiments, the spacer domains only include amino acid residue types
selected from the group consisting of G, S and P.

20

In some embodiments, the proteolyvtically cleavable linker comprises SDI1-CP-SD2 where SD1 is a first
spacer domain, CP is a cleavabic peptide and SD?2 is a second spacer domain, and whewein CP has an amino
acid sequence as shown in SEQ ID NG: 44 and SD2 has an amino acid sequence as shownin SEQ D NO:

1%, In some embodiments, the SD1 s from 3 to 6 amino acids in length. In some embediments, the spacer

]
n

domains are rich in amine acid residues G, S and P. In some embodiments, the spacer domains only include

amino acid residue types selected from the group consisting of G, S and P.

in some embodiments, the proteolytically cleavable hinker comprises SDI1-CP-SD2 where SD1 s a first
spacer domain, CP is a cleavable peptide and 8D2 is a second spacer domain, and wherein CP has an amino
30 acid sequence as shown in SEQ D NO: 45 and 8D2 has an amino acid sequence as shown in SEQ [D NO:
18, In some embodiments, the SD1 is from 3 to ¢ arsino acids in length. In some embodiments, wherein

the spacer domains are rich in amino acid residues G, S and P. In some embodiments, the spacer domains

only include amino acid residue tvpes selected from the group consisting of G, S and P.

35 Insome embodiments, the cleavable linker comprises SEQ 1D NG: 19, (GGSGGSYPLISLYSGPR)
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In some embodiments, the cleavable Hnker comprises SEQ ID NO:

in some ermbodiments, the cleavable linker comprses SEG 1D NO:

in some embodiments, the cleavable linker comprises SEQ 1D NO:

(GGRGGSGGSMPYDLYHPRGE)

In some embodimenis, the cleavable hnker comprises SEQ 1D NO:

in some cobodiments, the cleavable linker comprises SEQ 1D NO:

(GGSGGSGGSBSGGFMLTSGR)

in some embodiments, the cleavable Hinker comprises SEQ 1D NO:

In some crobodiments, the cleavable linker comprises SEQ 1D NO:

(GGSGGSGGSRAAAVESPSGP)

in some erobodiments, the cleavable linker comprises SEQ 1D NO:

In some embodimenis, the cleavable hinker comprises SEQ 1D NO:

(GGSGGSGOSISSGLLSGRESGP).

in some embodiments, the non-cleavable Huker comprises an amino acid sequence as shown in SEQ 1 NO: 12

PCT/US2021/025107

20. (GGSGGSGGSYPLSLYSGR)

46, (GGSGGSMPYDLYHPSGP)

47.

48. (GGSGGSDSGGEFMLTSGR)

49,

30. (GGSGGSRAAAVESPSGR)

51.

52 (GGSGGSISSGLLSGRESGP)

(GGGGS) and the cleavable linker comprises SEG D NO: 19 (GGSGGSVPLSLYSGP).

In some embodiments, the non-cleavable Hnker comprises an amino acid sequence as shown in SEQ D NG: 13

(GGGGSGGGES) and the cleavable linker comprises SEQ ID NO: 19 (GGSGGSVPLSLYSGP).

in some embodiments, the non-cleavable linker comprises an amino acid sequence as shown in SEQ ID NO: 14

(GGSGGGSGGGEGES) and the cleavable linker comprises SEQ ) NO: 19 (GGSGGSYPLSLYSGP).

In some embodiments, the non-cleavable linker comprises an amino acid sequence as shown in SEQ ID NGr 12

(GGGGR) and the cleavable linker comprises SEQ 1D NO: 20 (GGSGGSGGSVPLSLYSGP).
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in some embodiments, the non-cleavable linker comprises an amino acid sequence as shown in SEQ 1D NO: 13

(GGGGSGGGGS) and the cleavable linker comprises SEQ D NO: 20 (GGSGGSGGSVPLSLY SGP).

in some embodiments, the non-cleavable linker comprises an amino acid sequence as shown in SEC 1D NO: 14

(GGSGOGSGGGEGS) and the cleavable linker coraprises SEQ (D NG 20 (GGSGGSGUGSYPLSLY RGPS,

in some embodiments, whersin the second linker comprises a proteolytically cleavable peptide such that the
second liaker is a proteolytically cleavable linker and the first linker doss oot comprise a poteclytically
cleavable peplide such that the first linker is a now protechytically cleavable linker, the cleavable linker
comprises SEQ 1D NO: 46 and the non-cicavable linker comprises SEQ 1D NO: 53, In some embodinents,
the cleavable linker compuises SEQ 1D NO: 47 and the non-cleavable linker comprises SEQ I NO: 55, In
some ermbodiments, the cleavable linker comprises SEQ D NO: 45 and the non-cleavable lisker coraprises
SEQ D NO: 535, In some embodiments, the cleavable hinker compunses SEQ 1D NG: 49 and the non-
cleavable hinker corprises SEQ ID NO: 36, In some embodiments, the cleavable linker comprises SEQ 1D
N 50 and the non-cleavable linker comprises SEQ D NG: 55, In some embodiments, the cleavable linker
comprises SEQ 1D NO: 50 and the non~cleavable linker comprises SEQ ID NO: 14. In some embodiments,
the cleavable linker comprises SEQ 1D NO: 51 and the non-cleavable linker comprises SEQ ID NO: 56. In
some embodiments, the cleavable linker comprises SEQ 1D NQO: 51 and the non-cleavable linker comprises
SEQ 1D NO: 14, In some embodiments, the cleavable linker comprises SEQ ID NO: 52 and the non-
cleavable linker comprises SEQ ID NO: 55, In some cmbodiments, the cleavable linker comprises SEQ D
NO: 52 and the non-cleavable linker comprises SEQ 1D NO: 14, In some erabodiments, the cleavable linker
coraprises SEQ 1D NO: 33 and the non-cleavable linker comprises SEQ 1D NG: 56. In some embodiments,

the cleavabic linker comprises SEQ ID NO: 53 and the non-~cleavable linker comprses SEQ ID NO: 14,

in some enmbodiments, the proteolytically cleavable linker comprises a cleavable peptide consisting of an
amino acid scquence of SEQ 1D NO: 44, (JSSGLL*SGRS).

in some smbodiments, the proteclytically cleavable linker comprises a cleavable peptide consisting of an

amino acid sequence of SEQ ID NO: 45 (DLLA*VVAAS).

Linker combinations disclosed herein and disclosed in exemplary AK molecules may be used with any IL-
12 cytokine or fragment thereof disclosed herein. Linker combinations disclosed herein and disclosed in
exemplary AK molecules may be used with any masking moiety disclosed herein. Linker combinations
disclosed herein and disclosed in exemplary AK molecules may be used with any hali-life extonsion

domains. In other words, the linkers disclosed in exemplary AK molecuies may be used in combinations
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with any IL-12 cytokine or fragment thereof disclosed heretn, masking moiely disclosed bercin and/or hatf-

fife extension domain disclosed herein.

1.4 Half-fife Extension Bomains

Provided herein are half life extension domains for ase in a masked cytokine or cleavage product thereof.
Along hatf-life invivo is irpportand for therapeutic proteins. Unfortunately, cytokines that are admimisiered
to a sabject generally have a short half-fife since they are normally cleared rapidly from the subject by
mechanisms including clearance by the kidney and endocytic degradation. Thus, in the masked cytokine
provided herein, a half-life extension domain is hinked to the masked cytokine for the purpose of extending

the half-life of the cytokine invivo.

The term “hal-lifc extension doain” refers to a domain that extends the half-life of the target conponent
in sernm. The term “half-life cxtension domain” encompasses, for exanple, antibodies and antibody

fragoents.

The masked cytokine provided herein comprises a first balf-life extension domain that is associated with a

second half-life extension domatn.

in some embodiments, the first half-hife extension domain and the second half-life extension domain arc

non-covalently associated.

In some embodiments, the first half-life extension domain and the sccond half-life extension domain arc

covalently bound.

In some enmbodiments, the first half-life extension domain is linked to the second half-life extension domain

via one or mote disuiphide bonds.

In some embodiments, the first bali-life extension domain is linked to the second half-life extension domain

via a half life extension domain linker (HLDL).

In some emboduments, the first hati-life exiension domain and the second half-life extension domain are
pon-covalently associated and, furthier, the first half-life extension dornain is hnked to the second half-life

extension domain via a disulphide bond.

in some embodiments, the first half-life extension domain comprises a first antibody or fragment thereof,

and second hali-life extension domain comprises a second antibody or fragment thorcof.
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An antibody or fragment thereof that is capable of FcRu-mediated recycling, can be reduce or otherwise
delay clearance of the masked cytokine from a subiject, thereby prolonging the half-lhife of the administered
masked cvtokine. In some embodiments, the antibody or fragment thereof is any antibody or fragment
thereof that is capable of FcRn-mediated recyvcling, sach as any heavy chain polvpeptide or portion thercof

(e.g., Fc domain or fragment thereof) that is capable of FcRu-mediated recycling.

The antibody or fragment thercof can be any antibody or fragment thereof. However, in some embodiments
of a masked cytokine comprising a first half~life extension domain and a sccond half-lifc extension domain,
cither the first half-life extension domain or the second half-life extension domain mav comprise an
antibody or fragment thereof that does not bind to the FcRn receptor, such as a light chain polvpeptide. For
example, in some embodiments of the masked cytokine, a first half-life extension domain comprises an
antibody or fragment thereof that comprises a light chain polypeptide or portion thereof that does not
directly interact with the FoRn receptor, but the masked cytoking nonctbeless bas an exiended half-life due
to comprising a second half-life extension domain that is capable of interacting with the FeRn receptor,
such as by comprising 2 heavy chain polypeptide. It is recognized in the art that FcRao-mediated recycling
requires binding of the FcRa receptor to the Fe region of the antibody or fragment thereof. For instance,
studies have shown that residues 1253, S254, H435, and Y436 {numbering according to the Kabat EU index
numbering system) are important for the interaction between the human Fe region aund the human FeRn
conmplex. See, e.g., Firan, M., et al., Int. [immunol. 13 (20013 993-1002; Shiclds, R.L., et al, §. Biol. Chem.
276 (2001) 6591-6604). Various mutants of residues 248-259, 361-317, 376-382, and 424-437 (numbering
according to the Kabat EU index numbering system) have also been examined and reporied. Yeung, Y. A,

et al. (J. Immunol. 182 (2009} 7667-7671.

{a some embodiments, the antibody or fragment thereof comprises cither a heavy chaia polypeptide or a
fight chain polypeptide. In some embodiments, the antibody or fragment thereof comprises a portion of
either a heavy chain polypeptide or a light chain polypeptide. In some embodiments, the antibody or
fragreent thereof comprises an Fe¢ dornain or fragment thereof. In some cmbodiments, the antibody or
fragment thereof comprises a CH2 and CH3 domain or a fragment thereof. In some embodiments, the
antibody or fragment thereof comprises the constant domain of the beavy chain polypeptide. In some
embodiments, the antibody or fragment thereof comprises the constant domain of the lght cham
polvpeptide. In some embodiments, the antibody or fragment thereof contprises a heavy chain polvpeptide
or fragment thereof {e.g.. an Fo domain or fragment thereof). In some embodiments, the antibody or

fragment thereof comprises a lght chain polypeptide.

In some cmbodiments, the first half-life extension domain comprises a first Fo domain or a fragment

theecof and the second half-life extenstion domain comprises a second Fe domain or a fragment thereof.
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In some embodiments, the first and/ or second Fo domains each contain one or more modifications that
promote the non-covalent association of the first and the second hatf-life extension domains. In some
cmbodiments, the first half-hife extension domain comprises an 1gG1 Fo domain or fragment thercof
inchiding the mutations Y349C; T3668; L38A; and Y407V to form a “hole’ in the first half-life extension
domain and the sccond half-life extension domain comprises an 1gGl Fo domain or fragment thercof

including the mutations 8354C and T366W to form the "knob’ in the second half-life extension domain.

In some cmbodiments, the first and sccond half-life extension domains are cach an [gGl, 1g(G2 or IgG4 Fe
domain or fragment thereof. In some embodiments, the first and second balf-life extension domains are
cach an IgGl Fc domain or fragment thereof, Human IgG1 Immmmoglobulin heavy constant garama 1 has

the sequence:

ASTHGPSVFPLAPSEKSTSGETAALGCTLVKDYFPEPVTVSWNSGALTSGVHTFPAVLASS
GLYSLSSVVTVRSSSLGTQTYICNYNHKPSNTKVDKKVERPKSCDETHTCPPCPAPELLGG
PSVELFPRKPKDTIMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVETVEHQDWINGKEVKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDE
LTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFRLYSKLTVDKSRW

QOGNVFSCSVMHEALHNHYTOKSLSLSPGK
{SEQ D NO: 2D

in some embodiments, the first and second half-life extension domains are derived from the sequence for
haman IgGl Immunoglobulin beavy constant gamma 1 having SEQ ID NO: 21 ({the ‘parent sequence’},
such that the first and second half-life extension domains each comprise SEQ ID NG: 21 or fragment

thereof, with one or more amino acid modifications.

in some embodiments, the first and second half-life extension domains each comprise the portion of SEQ

1D NO: 21 shown in bold above, eptionally with one or more amino acid modifications, 1.e.:

DKTHTCPPCPAPELLGO
PSVELFPPKPKDTLMISRTEEVTCVVVDVSHEDPEVKFNW Y VDG VEVHNAK TKPREEQYN
STYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEK TISK AK GOPREPQVY TLPPSREDE
LTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYE TTPPVLDSDGSFFLY SKLTVDKSRW
QOGNVFSCSVMHEALHNHY TQKSLSLSPG

(SEQ ID NO: 22)

i sonwe embodiments, the first and second balf-life extension domains comprise SEQ 1D NO: 22 with
amino substitntions {0 promote association of the first and second half-life extension domains according to
the “knob into holes’ approach. In some embodiments, the sequence SEQ ID NO: 22 contains mutations

7349C; T3668; L3BA; and Y407V (numbered according to the Kabat EU rumbering system) to form the

‘hole” inn the first half-life extension domais and muiations 3334C and T366W (sumbered according to the
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Kabat EU numbering system) to form the “knob’ in the second half-fife extension domain. These modified

sequences have SEQ [D NOs 23 and 24 shown below:

First half-life extension domain (Y349C; T3668; L38A; and Y407V) SEQ ID NO 23:

DKTHTCPPCPAPELLGGPS VELFPPKPKDTLMISRTPEVICVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSENKALPAPIEKTISKAKGQPREPOVCTLPPSRDELTENQ
VSLSCAVKGEY PSDIAVEWEANGOQPENNYKTTPPVLDSDGRFFLVEKL
TVDKSRWOQOGNVESCSVMHEALEBNHYTOKSLILIPG

Second half-life extension domain (S354C and T366W) SEG ID NO 24:

BRTHTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTPEVTCVVVDVSH
EDPEVKENWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODW
ENCGRKEYECKVSNKALPAPIEKTISKARGOPREPOVY TLPPCRDELTK
NOQVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEEL
YSELTVDRKSRWOQOQGNVFSCSVMHEALHNHYTQKSLSLSPG

In some crbodiments, the first and second half-life extension domains cach further comprise amino

substitution N297A, sumbered according to the Kabat EU numbering sy stemn

First half-life extension domain (Y3490, T3668; L38A; Y407V and N297A) SEQ 1D NO 25:

DKTHTCPPCPAPELLGOPS VELFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHODWL
NGKEYKCKYVSNKALPAPERTISK AKGOPREPOVCTLPPSRDEL TKNQ
VSLSCAVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLVSEL
TVDKSRWOOQONVFSCSVMHEALHNHYTOKSLSLSPG

Second half-life extension domain (8334C, T366W and N297A) SEQ 1D NO 26:

DKTHTCPPCPAPELLGGPS VFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTEPREEQYASTYRVVAIVLTVLHQDW
ENGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPCRDELTK
NOVSLWCLVKGFYPSPIAVEWESNGOQPENNYKTTPPVLDSDGSFFL
YSKLTVDESRWOOGNVFSCSVMHEALHNHY TOKSLSLSPG
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in some embodiments, the first and second half-life extension domatns each further comprise the amino

sabstituiion 1233 A, aumbered according o the Kabat EU nubering system.

in some embodiments, the first and second half-life extension domains each further comprise both the

aniing substitutions N297A and 233 A, numbered according to the Kabat EU numbering systerm:

First half-life extension domain (Y349C; T3668; L38A; Y407V, N297A and 1253A) SEQ ID NO
2T

DRKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMASRTPEVTCVVVDYSHEDP
EVKFNWYVDGVEVHNAKTKPREEQY ASTYRVVSVLTVLHODWLNGKE
YKCKVSNKALPAPIEKTISKAKGOPREPQVCTLPPSRDELTKNQVSLSCA
VKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLVSKLTVERSRW
QOGNVFSCSVMHEALHNHYTQESLSLEPG

Second half-life extension domain (S354C, T366W, N297A and 1253A) SEQ ID NO 28:

BETHTCPPCPAPELLGGPSVELFPPKPEDTLMASRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNARTEPREEQYASTYRVVSVLTVLHODWLNGEEY
KCKVENKALPAPIEKTISKAKGQPREPOQVYTLPPCRBELTENQVSLWCLVE
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRW
QQGNVFSCSVMHEALHNHYTOKSLSLSPG

Ta some embodiments, the first balf-life extension domain comprises an amino acid sequence having about
or at least about 85%, 86%, &7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, ot 99%

sequence identity to any one of the amino acid sequence of any one of SEQ ID NOs: 22, 23, 25, and 27.

in some embodiments, the second half-life extension domain comprises an amino acid sequence having
about or at least aboat 85%, 56%, 87%, 88%, 85%%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, or
99% sequence dentity to any one of the amino acid sequence of any one of SEQ ID NQGs: 22, 24, 26 and

28.

in some embodiments, the first half-life extension domain comprises an amine acid sequence having one
or more modifications, such as one or more amino acid substitutions, additions, or deletions, as compared
to the amino acid sequence of any one of SEQ ID NOs: 22, 23, 25, and 27. In some cobodiments, the
second half-life extension domain comprises an amine acid sequence having one or wore modifications,
such as anc or more amino acid substitutions, additions, or deletions, as compared o the amino acid

sequence of any one of SEQ ID NOs: 22, 24, 26 and 28, The one or mare modifications can be any
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modifications or alterations described berein, including, in scme ernbodiments, any modifications or
alterations disclosed herein that promote heterodimerization of polypeptide chains and/or suppresses

homodimerization of polypeptide chains, alier effector function, or enhance effector fanction

in some enibodiments, the Fo domain or fragment thereof comprises one or more amino acid substitutions
altering effector function. In some cmbodiments, the half-life extension domsin is an IgG1 Fo domain or
fragment thereof and comprises one or more amino acid substitutions selected from the group consisting of
N297A, N297G, N297Q, L234A, L2354, 2208, C2268, 2298, P2385, E233P, L234V, L234F, L235E,
P3318, S267E, L328F, D265A, and P329G, nurnbered according to the Kabat EU numbering system. In
some embodiments, the half-life extension domain is an 1gG2 Fe domain or fragment thereof and conprises
the amine substitution(s): V234A and G237A; H268Q, V309L, A3305, and A331S; andfior V2344,
G237A, P2385, H268A, V309L, and A330S, numbered according to the Kabat EU numbering system. In
somge embodinents, the half-life extension domain 1s an 1gG2 Fe domain or fragoent thereof and comprises
one or more amino acid substitutions selected from the geoup consisting of V234A, G237A, H268Q,
V3091, A330S, A331S, P238S, H268A, and V309L, numbered according to the Kabat EU nombering
system. In some embodirnents, the half-life extension domain is an {gG4 Fe domain or fragment thereof
and comprises the amino substitution(s): L235A, G237A, and E318A; S228P, L234A, and L235A; H2680),
V309L, A3308, and P3315; and/or 8228F and L235A, numbered according to the Kabat EU numbering
system. In some embodiments, the half-life extension domain is an {gG2 Fo domain or fragment thereof
and comprises one or more amino acid substitutions selected from the group consisting of L235A, G237A,
E3184, S228P, L2344, H2680, V309L, A3305, and P331S, numbered according to the Kabat EU

numbering system.

Is some crebodiments, the half-life extension domain comprises Fe domain or fragment thercof that
comprises one or more amino acid substitutions eohancing effector fusction. In some ernbodiments, the
half-life extension domain is an {gG1 Fo domain or fragment thereof and comprises the amino acid
substitution(s): S298A. E333A, and K334A; 52390 and 1332E; S2390, A330L, and I332E; P2471 and
A339D or A3390; D280H and K29085; DZ80H, K290S, and either SZ98D0 or S298V; F243L, R292P, and
Y300L,; F243L, R292P, Y300L, and P396L; F243L, R292P, Y300L, V3051, and P396L; G236A, 8239D,
and [332E; K326A and E333A; K326W and E33385; K290E, S298G, and T299A; K290E, S208G, T299A,
and K326E; K2Z90N, 82498G, and T2994; K290N, 8298G, T299A, and K326E; K334V; L2358, 8239D,
and K334V:; K334V and Q331M, 3239D, F243V, E294L, or 32987, E233L, Q311M, and K334V L2341,
J31IM, and K334V, K334V and S2987T, A330M, or A330F; K334V, Q311M, and cither A330M or
A3Z30F; K334V, 82987, and cither A330M or A330F; K334V, S§239D, and cither A330M or S298T;
L234Y, Y296W, and K290Y, F243V, or E294L; Y296W and cither L234Y or K290Y . 5239D, A3308, and
1332E, V2641 F243L and V2641, L328M; I332E; L328M and [332E,; V2641 and 1332E; S239E and I332E;
32390 and [332E; S239E: A330Y: 1332D; L3281 and I332E:; L328Q and I332E; V264T. V240L V266l
S239D; 52390 and 1332D; S239D and I332N; S239D and 13324}, S239E and 13320 S239E and 1332N;
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S239E and 1332¢2; SZ39N and 13320 8239N and I332E; S239Q and 135320, A330Y and [332E; V2641,
A330Y, and I332E; A330L and I33ZE: V2641 A330L. and [332E; L234E, £.234Y, or L2341; L2335D,
L2358, L235Y, or L233E S2397T; V240M; VZoedY; A3301 N32ST, I332E and L328D, L328Y, L328T, or
L3281 V2641, 1332E, and either S239E or 523903; S239E, V20641, A330Y, and I332E; A330Y, [332E, and
cither S239D or S239N; A330L, I332E, and either S239D or S239N; V2641, S298A, and 1332E; 82984,
I33Z2E, and either S239D or S239N; 52390, V2641, and 1332E; 82391, V2641, S298A, and 1332E; 8239,
V2641, A330L, and 1332K; S239D_ 1332E, and A3301; P230A; P230A E233D and 13328, E272Y; K2747T,
K274E, K274R, K274L, or K274Y; F275W; N276L; Y278T, V3021, E318R; S324D, 8324[ or 5324V,
K3261 or K326T, 13350, T335R, or T335Y V2401 and V2061, 82391, A330Y, 1332E, and L2341; 52391,
A330Y,I332E, and L.235D; 82390, A330Y, 1332E, and V240L S239D, A330Y, 1332E, and V264T; and/or
S239D, A330Y, I332E, and either K326F or K326T, numbered according to the Kabat EU numbedng
system. In some embodiments, the half-life extension domain is an {gG1 Fc domain or fragment thereof
and comprscs anc or more arsiso acid substitution(s) selected from the group cousisting oft P2304,
E233D, L2348, L234Y, L2341, L238D, L2358, L235Y, L2351, 82390, S239E, S239N, S239Q, 82397,
V2405 V240M, F243L, V2641, V264T, V264Y, V266l E272Y, K274, K274E, K274R, K274L, K274Y.
F275W, N276L, Y278T, V3021 E318R, 532413, 53241, S324V, N325T, K3261, K326T, L328M, L3281
L3280, L328D, L3238V, L328T, A330Y, A330L, A330L, 1332D, 1332E, 332N, 13320, T335D, T335KR,
and T335Y.

in some cmbodiments, the half-life extension domain compriscs one o7 more amino acid substitution(s)
that enhance binding of the half-life extension domain to FcRa. In some enmbodiments, the one or more
amino acid substitution(s) increase binding affinity of an Fe-containing polypeptide (c.g., a heavy chain
polypeptide or an Fc domain or fragment thereof) to FcRn at acidic pH. In some embodiments, the half-
tife extension domain coraprises one or more amine acid substitution(s) selecied from the group consisting
of M428F, T2500 and M428F; M252Y, 82347, and T256E; P2571 and N434H; D376V and N434H; P2371
and Q3111 N4344; N434W, M4A28F and N4348; V259 and V308F;, M232Y, 82547, and T256E; V2591,
V308F and M428F; T307Q and N434A; T3070Q and N4348; T307Q, E380A, and N434A; V308P and
N434A; N434H; and V308P.

For manufacturing purposes, a signal peptide may be engineered upstream of the half life domain to
improve secretion of the protein. The signal peptide s selected according to the cell line’s requirerents as
is known in the art. [t will be understood that the signal peptide is not expressed as part of the protein that

will be punified and formudated as drug product.

.41 Heterodimerization Modifications

The half-life extension domains described herein may inciude one or more modifications that promote

heterodimerization of two different half-life extension domains. In some embodiments, it is desirable t©
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promote heterodimerization of the first and second half-life extension domains such that production of the
masked cytokine in its comrect heterodimeric form is produced efficiently.  As such, one or more aming
acid modifications can be made to the {irst half-life extension domain and o or more amino acid
modifications can be made to the second half-life extension domain using any strategy available in the arf,
inchuding any strategy as described in Klein et al. (2012), MAbs, 4(6): 653-663. Exemplary strategies and

modifications are described in detail below.

Knebs-into-Heles Approach

One strategy for pronwting heterodimerzation of two different hali-life extension domains is an appmoach

termed the “knobs-into-holes”,

In some embodiments, the masked cytokine compuses a first batf-life extension domain and a second half-
itfe extension domain, each of which coroprises a CH3 domain. iIn some embodiments, the half-life
extension domain corprising a CH3 domain is a heavy chain polypeptide or a fragment thereof (e.g., an
F¢ domain or fragment thereof). The CH3 domains of the two half-life extension domains can be altered
by the “knobs-into-holes” technelogy, which is described in detail with several examples in, e.g,, WO
1996/027011, Ridgway, JB. et al, Prolein Eng. (1996) 9(7) 617-621; Merchant, A M., et al, Nat.
Biotechnol, (1998) 16(7): 677-681. Sec also Klein et al. (2012), MAbs, 4(6): 653-663. Using the knob-into~
holes method, the interaction surfaces of the two (H3 domains are altered 1o increasc the
heterodimerization of the two half-life extension domains containing the two altered CH3 domains. This
occurs by introducing a butky residue into the CH3 domain of one of the half-life extension domains, which
acts as the “knob.” Then, in order to accormmodate the bulky residue, a “hole” is formed in the other half-
tife extension dorain that can acconumodate the knob. Either of the atiered CH3 domains canbe the “knob”
while the other can be the “hole.” The introduction of a disulfide bridge further stabilizes the heterodimers
{(Merchant, AM.,, et al. Nat. Biotechool. (1998) 16(7); Atwell, S, et al, J. Mol Biol (1997) 276(1): 26-35)

as well as increases yield.

it has been reported that heterodimerization yields above 97% can be achieved by introduciag the $354C
and T366W mutations 18 a heavy chain to create the “knob” and by introducing the Y349C, T366S, L368A,
and Y407V mutations in 3 heavy chain to create the “hole” (numbering of the residues according to the
Kabat EU numbering system). Carter ¢t al. (2001), J. lnmunol. Methods, 248: 7-153; Klein et al. (2012),
MAbs, 4(6): 653-663.

in some embodiments comprising a first half-life extension domain and a second half-life extcnsion
domain, the first half-life extension domain comprises a heavy chain polypeptide or porttion thereof (e.8.,
an Fc domain or fragment thereof) that comprises the amino acid nwiations S334C and T366W (mumbered

according to the Kabat EU nuobering systeny), and the second half-life extension domain comprises a
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breavy chain polypeptide or portion thereof (¢.g., an Fc domain or fragment thereof) that compnses the
amino acid mtations Y349C, 13668, L368A, and Y407V (numbered according {o the Kabat EU
oumbering syster). In some embodiments comprising a first half-life exiension domain and a second half-
fife extension domain, the first half-life extension domain comprises a heavy chain polypeptide or portion
thereof {c.g., an Fo domain or fragment thereof) that comprises the amino acid mutations Y349, T3668,
L368A, and Y407V {(numbered according to the Kabat EU mumbering svstem), and the second half-life
extension domain comprises a heavy chain polypeptide or portion thereof (e.g., an Fc domain or fragment
thereof) that comprises the amino acid mutations S354C and T366W (numbered according to the Kabat U

numbering systen).

Additional examples of substitutions that can be made to form knobs and holes include those described in
US26140302037A1, the contents of which are berein incotporated by reference. For example, in some
embodiments, any of the following amino acid substitutions can be made to a fiest half-lifc extension
domain (“first domain”™) and a paired second half-life extension domain (“second domain™) that each
contain an Fc domain: (a) Y407T in the first domain and T366Y 1in the second domain; (b) Y407A in the
first domain and T366W in the second domain, (¢} F403A in the first domain and T394W in the sccond
dornain; {d) F403W in the first domain and T3948S in the second domain; {¢) Y407T in the first domain and
T360Y in the second domain, () T366Y and F405SA in the first domain and T394W and Y407T in the
second domain; (g} T366W and FAOSW in the first domain and T3948 and Y407A in the second domain;
(1) F405W and Y407A in the first domain and T360W and T394S in the second domain; or (i) T366W in
the first domain and T366S, L3684, and Y407V in the sccond domain, mumbered according to the Kabat

Bl numbering systen.

in some embodimoents, agy of the following amino acid substitutions can be wmade {0 a fust half-life
extension domain {“first domain”) aond a paired second half-life extension domain (“second domain™) that
cach contain an Fe domain: (a) Y407T in the second domain and T360Y in the first domain; (b) Y407A in
the second domain and T366W in the first domain; {¢) FA05A in the sccond domain and T394W in the first
domain; () F405W in the second domain and T394S in the first domain; (e} Y407T in the second domain
and T366Y in the {irst domain; (f) T366Y and F405A in the second domain and T394W and Y407T in the
first domain, (g) T366W and FA03W in the second domain and T394S and Y407A in the first domain; (h)
FAO5W and Y407A in the second domain and T366W and T3948 in the first domain; or (1) T366W in the
second domain and T3668, L368A, and Y407V in the first domain, sumbered according to the Kabat BU

mimbering system.

Incmbodinents comprising a first half-life extension domain and a second half-life extension domain that
gach comprise an Fe domain, any of the heterodimenzing alterations described herein canbe used inthe Fe

domains to promwote heterodimerization of any of the masked cytokines described herein.
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15 Exemplary masked cytokines

Masked cytokines according to the disclosure can combine a IL-12 cytokine or functional fragment thereof
as described anywhere herein; a masking moiety as described anvwhere herein; first and second half life
domains as described anywhere herein; and cleavable and non-cleavable linkers as described anywhere

herein.

Farthermore, in an embodiment, any specific sequence disclosed berein may optionally compnse further
amrino acid substitutions, such as one, two ot three substitutions. In another embeodiment, sequences having
at least 90% homology, preferably 95%, more preferably 99%, to any specific sequence disclosed bercin

for a domain of the masked cyviokines are also enconpassed by the invention.

in some cmbodiments, the H.-12 cviokine or functional fragment thereof compnises the amino acid
sequence of SEQ 1D NO: 4, the masking modety comprises human IL-12RB1 or a fragment, portion, or
variant thereof that retains or otherwise demonstrates an affimity to 1L~12, and the first half-life extension
domain comprises SEQ 1D NO: 25 (Y349C; T3665; L38A; Y407V, and N297A) and the second half-life
extension domain comprises SEQ 1D NO 26 (8334C, T366W and N297A).

in some embodiments, the IL-12 cytokine or functional fragment thercof comprises the amino acid
sequence of SEQ ID NO: 4, the masking moiety comprises residnes 24 to 237 of huaman [L-12RB1, naely
a sequence having SEQ 1D NO: 5 or a {ragment, portion, or vartani thereof that retains or otherwise
demonsirates an affinity to HL-12, and the first half-life extension domain comprises SEQ 1D NG 25
(Y349C, T366S; L38A; Y407V, and N297A) and the second half-life extension domain comprises SEQ
ID NO 26 (8354C, T366W and N297A).

In some emboduments, the IL-12 cytokine or functional fragreent thereof comprises the amino acid
sequence of SEQ 1D NO: 4, the masking moicty comprises residues 24 to 543 of human [L-12RB1, namely
a sequence having SEQ 1D NO: 6 or a fragment, portion, or variant thercof that retains or otherwise
demoustrates an affinity to IL-12, and the first half-life extension domain comprises SEQ D NO: 25
{Y349C; T3668; L38BA; Y407V, and N297A) and the second half-life extension domain comprises SEQ
ID NO 26 (8354C, T366W and N297A).

in some embodiments, the IL~12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NO: 4, the masking moicty comprises human IL-12R$2 or a fragment, portion, or
variant thereof that retains or otherwise demounstrates an affinity to IL-12, and the first half-life extension
domain comprises SEQ I3 NO: 25 (Y349C: T3668; L38A; Y407V, and N297A) and the second half-life
extension domain conprises SEQ 1D NO 26 (83534C, T366W and N297A).
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in some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NQ: 61, the masking moiety corprises homan 1-12RB2 or a fragment, porlion, or
variant thereof that retains or otherwise demonstrates an affinity to [L-12, and the first half-life extension
domain comprises SEQ 1D NO: 25 (Y349C; T3668; L38A; Y407V, and N297A) and the second half-life
extension domain comprises SEQ 1D NO 26 (8354C, T366W and N297A).

in some embodiments, the IL~12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NG: 62, the masking molety comprises buman H-12RB2 or a fragment, portion, or
variant thereof that retains or otherwise demonstrates an affinity to 1L-12, and the first half-life extension
domain compriscs SEQ 1D NO: 25 (Y349C; T3668; L38A; Y407V, and N297A) and the sccond half-life
extension domain conprises SEQ 1D NO 26 (S354C, T366W and N297A).

In sope cmbodiments, the H~-12 cyiokine or functional fragment thercof comprises the amino acid
sequence of SEQ ID NO: 63, the masking motety comprises buman H.-12RP2 or a fragment, portion, or
variant thereof that retains or otherwise demonstrates an affinity to 1L-12, and the first half-life extension
domain comprises SEQ 1D NO: 25 (V349C, T3665; L38A; Y407V, and N297A) and the second halflife
extension domain comprises SEQ ID NO 26 (3354C, T366W and N297A}.

In some cmbodiments, the L-12 cviokine or functional fragment thereof comprses the amine acid
sequence of SEQ 1D NO: 64, and the first half-life extension domain comprises SEQ 1D NO: 25 (Y349,
TA66S; L38A; Y407V, and N297A) and the second half-life extension domain coraprises SEQ D NO 26
(8354C, T366W and N297A).

In some cmbodiments, the IL-12 cytokise or functional fragmeat thereof comprises the amino acid
sequence of SEQ ID NG 64, the masking moiety comprises human JL-12RB2 or a fragment, portion, or
vanant thereof that retains or otherwise demonstrates an affinity to IL-12, and the first half-hfe extension
domain comprises SEQ ID NG: 25 (Y349C, T3668S; L38A; Y407V, and N297A) and the second half-life
extension domain comprises SEQ 1D NO 26 (S354C, T366W and N297A).

In some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NO: 4, the masking moiety conmprises residues 24 t0 212 of human IL-12R}2, namely
a sequence having SEQ ID NO: 7, and the first half-life extension domain comprises SEQ D NG: 25
(Y349C; T3668K; L38A; Y407V, and N297A) and the second half-life extension domain comprises SEQ
1D NO 26 (83540, T366W and N297A).

In some cmbodiments, the H.-12 cytokine or functional fragment thereof comprses the amino acid
sequence of SEQ 1D NO: 4, the masking moicty comprises residucs 24 10 222 of buman IL-12R 82, namely

a sequence bavieg SEQ ID NO. 8, and the first half-life extension domain coraprises SEQ 1D NO: 25
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(Y349C; T3668; L3BA; Y407V, and N297A) and the second half-life extension domain comprises SEQ
ID NO 26 (S§354C, T366W and N297A).

in some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
seguence of SEQ 1D NO: 4, the masking moicty comprises residues 24 t0 319 of human IL-12RP2, nanely
a sequence having SEQ 1D NO: ¢, and the first half-life extension domain comprises SEQ D NO: 25
(Y349C; T3068; L38A; Y407V; and N297A) and the second half-life extension domain comprises SEQ
1D NO 26 (8354C, T366W and N297A).

in some embodiments, the IL~12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NG 4, the masking moiety conprises residues 24 0 319 of buman IL-12RE2, namely
a sequence having SEQ 1D NO: 65, asd the first balf-life extension domain comprises SEQ D NG» 25
(Y349C; T3665; L38A; Y407V, and N297A) and the second half-life exicnsion domain comprises SEQ
I NG 26 (5354C, T366W and N297A ).

in some cmbodiments, the IL-12 cylokine or functional fragment thereof comprises the amine acid
sequence of SEQ ID NO: 63, the masking moiety comprises restdues 24 to 319 of human IL-12RB2, namely
a sequence having SEQ 1D NO: 65, and the first half-hife extension domain comprnises SEQ D NO: 25
(Y349C; T3665; L38A; Y407V, and N297A) and the second half-life extension domain comprises SEQ
1D NO 26 (S354C, T366W and N297A).

In some embodiments, the [L-12 cytokine or functional fragmeent thereof comprises the amino acid
sequence of SEQ ID NO: 64, the masking modety comprises residues 24 10 319 of human IL-12RB2, namely
a sequence baving SEQ ID NG: 63, and the first half-lifc cxicnsion domain comprises SEQ D NO: 25
(Y349C; T3668; L3BA; Y407V, and N297A) and the second half-life extension domain comprises SEQ
1D WO 26 (S354C, T366W and N297A).

in some embodiments, the masking rmoiety comprises residues 24 to 319 of human [L-12RB2, namely a
sequence having SEQ D NG: 65, and the first half-life extension domain comprises SEQ D NO: 23
(Y349C; T3668; L38A; Y407V, and N297A) and the second half-life extension domain comprises SEQ
1D NO 26 (8354C, T366W and N297A).

in some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NO- 4, the masking moiety conprises residues 24 0 622 of human {L-12Rf2, namely
a sequence having SEQ 1D NO: 10, and the first hali-lifc extension domain comprises SEQ ID NGO 25
(Y3490 T3665; L38A:; Y407V, and N297A) and the second half-life exiension domain comprises SEQ
1D NG 26 (53534C, T366W and N297A}
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in some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NOG: 4, the masking moicty corprises residaes 24 t0 227 of human [L-12RB2, namely
a sequence baving SEQ ID NG: 1, and the first half-life extension domain comprises SEQ 113 NO: 23
(Y349C; T3068; L3BA; Y40T7V; and N297A) and the second half-life extension domain comprises SEQ
ID NO 26 (8354C, T366W and N297A).

in some embodiments, the IL~12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NO: 4, the masking moiety conprises buman IL-12R$1 or a fragment, portion, or
variant thereof that retains or otherwise demonstrates an affinity to JL-12 and the first half-life extension
domain comprises SEQ ID NO: 27 (Y349C; T3668; L38A,; Y407V, N297A and 1253A) and the sccond
half-life extension domain comprses SEQ ID NO: 28 (8354C, T366W, N297A and 1253 A).

In sope cmbodiments, the H~-12 cyiokine or functional fragment thercof comprises the amino acid
sequence of SEQ 1D NO: 4, the masking moiety comprises residues 24 to 237 of burnan -12RB1, namely
a sequence having SEQ ID NO: 3 or a fragment, portion, or variant thereof that retains or otherwise
dernonstrates an affinty to IL-12 and the first half-life extension domain comprises SEQ 1D NO: 27
(Y349C; T366S; L3BA; Y407V, N297A and [253A) and the second half-life extension domain comprises
SEQ 13 NG: 28 (83540, T366W, N297A and 1253A).

in some embodiments, the IL-12 cytokine or functional fragiment thereof comprises the amino acid
sequence of SEQ 1D NO: 4, the masking moiety comprises residues 24 0 545 of human [L-12RB 1, nasely
a sequence having SEQ ID NO: 6 or a fragment, portion, or variant thereof that retains or otherwise
demonsirates an affinity to 11L~12 and the first half-life extension domain comprises SEQ ID NO: 27
(Y349C; T3665; L38A, Y407V, N297A and 1253 A) and the sccond half-life extension domain coraprises
SEQ TD NO: 28 (8354C, T366W, N297A and 1253A),

in some emboduments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ I3 NO: 4, the masking moiety comprises human IL-12R$2 or a fragment, porion, or
variant thereof that retains or otherwise demonstrates an affinity to IL-12 and the {irst half-life extension
domain comprises SEQ ID NO: 27 (Y349C; T3668; L38A; Y407V, N297A and I253A) and the second
halt-life extension domain comprises SEQ 1D NO: 28 (8354C, T366W, N297A and 1253A).

in some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NO: 4, the masking motety comprises residues 24 0 212 of human [L-12Rf2, namely
a sequence having SEQ 1D NO: 7 and the first half-life oxtension domain comprises SEQ D NO: 27
(Y349C; T3668; L38A; Y407V, N297A and 1253 A) and the second hali-life exiension domain comprises
SEQ I3 NO: 28 (8354C, T366W, N297A and 1253 A).
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in some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NO: 4, the masking moicty corprises residaes 24 t0 222 of human [L-12RB2, namely
a sequence having SEQ 1D NO: 8 and the first half-hife extension domain comprises SEQ D NOG: 27
(Y349C; T3668; L38A; Y407V, N297A and I253A) and the second half-life extension domain comprises
SEQ ID NG: 28 (83540, T366W, N297A and 1253A3.

in some embodiments, the IL~12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NO: 4, the masking motety comprises residues 24 0 319 of human [L-12RP2, namely
a sequence having SEQ 1D NO: 9 and the fust half-life extension domain comprises SEQ D NO: 27
(Y349C; T366S; LA8A; Y407V, N297A and 1253A) and the second half-life extension domain comprises
SEQ ID NO: 28 (S354C, T366W, N297A asd 1253A).

In sope cmbodiments, the H~-12 cyiokine or functional fragment thercof comprises the amino acid
sequence of SEQ 1D NG: 4, the masking motety comprises residues 24 to 622 of human (L-12R B2, namely
a sequence having SEQ ID NGO 10 and the first half-ife extension domain comprises SEQ 1D NO: 27
(Y349C; T366S; L38BA; Y407V, N29TA andd 1253 A) and the second half-life exiension domain comprises
SEQ ID NO: 28 (83540, T3606W, N297A and 1253A).

In some cmbodiments, the L-12 cviokine or functional fragment thereof comprses the amine acid
sequence of SEQ 1D NO: 4, the masking moiety coraprises tesidues 24 t0 227 of human 1L-12RB2, namely
a sequence having SEQ ID NO: 11 and the first half-life extension domain comprises SEQ 1D NG: 27
(Y3490 T3668; L38A; Y407V, N297A and [253A) and the second half-life extension domain corprises
SEQ 1D NO: 28 (8354, T366W, N297A and 1253A).

In some embodiments, the IL-12 cytokine or functional fragment thereef comprises the amine acid
sequence of SEQ 1D NG 64 and the masking moilety coraprises residues 24 to 319 of human H-12RB2,

namely a sequence having SEQ D NG: 65,

In some emboduments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ ID NO: 64, the masking moiety comprises residoes 24 to 319 of hyman IL-12RB2. namely
a sequence having SEQ 1D NO: 63, the non-cleavable linker comprises the amino acid sequence of SEQ
ID NO: 14, and the first half-life extension domain comprises SEQ 1D NQO: 25 {Y349C; T3668; L38A;
Y407V, and N297A} and the second halt-life extension domain comprises SEQ 1D NO 26 (8354, T366W
and N297A).

in some embodiments, the IL-12 cytokine or functional fragment thereof compnses the amino acid
sequence of SEQ ID NO: 64, the masking moiety comprises residues 24 10 319 of human IL-12R B2, namely

a sequence having SEQ ID NO: 65, the non-cleavable hinker comprises the amino acid sequence of SEQ
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D NG 35, and the first balf-life extension domain comprises SEQ B NO: 25 (Y349C; T3668; L38A;
Y407V, and N297A) and the second balf-life extension domain comprises SEQ ID NO 26 (S354C, T366W
ancd N297A).

in some embodiments, the IL~12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ ID NO: 64, the masking moiety comprises residues 24 to 319 of human 1L-12Rf2, namely
4 sequence having SEQ 1D NO: 63, the non-cleavable linker comprises the amino acid sequence of SEQ
1D NO: 56, and the first half-life extension domain comprises SEQ 1D NO: 25 (Y349C; T3665; L38A;
Y407V, and N297 4} and the second half-life extension domain comprises SEQ 1D NO 26 (8354C, T366W
and N297A).

In sonwe embodiments, the IL-12 cytokine or functional fragment thereof comprses the amino acid
sequence of SEQ 1D NO: 64, the masking moicty compases restducs 24 10 319 of homan IL-12RB2, namely
a sequence baving SEQ 1D NG: 65, the cleavable peptide comprises the amino acid sequence of SEQ (D
N©G: 41, and the first half-life extension domain comprises SEQ ID NO: 25 (Y349C; T366S,; L38A; Y407V,
and N297A) and the second half-life extension domain comaprises SEQ 1D NO 26 (5354C, T366W and
N297A).

In some cmbodiments, the L-12 cviokine or functional fragment thereof comprses the amine acid
sequence of SEQ ID NO: 64, the masking modety comprises residues 24 10 319 of buman IL-12RB2, namely
a sequence having SEQ 1D NU: 635, the cleavable peptide comprises the amine acid sequence of SEQ 1D
NO: 43, and the first half-life extension domain conprises SEQ 1D NO: 25 (Y3490, T3665; L38A; Y407V,
and N297A) and the second half-life extension domain comprises SEQ ID NO 26 (8354C, T366W and
N297A).

In some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ D NO: 64, the masking moiety comprises residues 24 1o 319 of buman IL-12RB2, namely
a sequence having SEQ ID NO: 65, the cleavable peptide comprises the amino acid sequence of SEQ 1D
NQO: 44, and the first half-life extension domain compriscs SEQ D NQO: 25 (Y349C, T3665; L38A; Y407V,
and N297A) and the second half-hife extension domain comprises SEQ D NG 26 (8§354C, T366W and
N29TA).

in some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NO: 64, the masking moiety comprises residues 24 t0 319 of human IL-12R32, namely
a sequence having SEQ ID NO: 65, the cleavable Hinker comprises the amino acid sequence of SEQ D NO:
51, and the first balf-life extension domain comprises SEQ ID NO: 25 (Y3490, T3665; L38A; Y407V, and
N297 A} and the second half-life extension domaincomprises SEQ 1D NG 26 (8354C, T366W and N297A).
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in some embodiments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ ID NO: 64, the masking moiety comprises residues 24 10 319 of buman JL-12RB2, namely
a sequerce having SEGQ 1D NO: 65, the cleavable Hoker comprises the amine acid sequence of SEQ 1D NO:
53, and the first half-life extension domain comprises SEQ ID NO: 25 (Y349C; T3668; L38A; Y407V, and
N297A) and the second hali-life extension domain cornprises SEQ ID NO 26 (8354C, T366W and N297A).

in some embodiments, the IL~12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ 1D NO: 64, the masking moiety comprises residues 24 to 319 of human IL-12R 32, namely
a sequence having SEQ 1D NO: 65, the cleavable linker comprises the amino acid sequence of SEQ 1D NO:
46, and the first half-lifc extension domain comprises SEQ ID NO: 25 (Y349C; T3668; L38A; Y407V, and
N297A) and the second half-life exicasion domaincomprises SEQ 1D NGO 26 (8354, T366W and N297A).

In sope cmbodiments, the H~-12 cyiokine or functional fragment thercof comprises the amino acid
sequence of SEQ ID NO: 64, the masking moiety comprises residues 24 to 319 of haman L-12RB2, namely
a sequence having SEQ I3 NO: 65, the non~cleavable linker comprises the amino acid sequence of SEQ
D NO: 36, the cleavable linker cornprises the amine acid sequence of SEQ ID NG: 51, and the first half-
life extension domain comprises SEQ ID NO: 25 (Y349C; T3668; L38BA; Y407V, and N297A) and the
second half-iife extension domain comprises SEQ D NO 26 (8334C, T366W and N297A).

In some embodiments, the IL-12 cytokine or functional fragiment thereof comprises the amino acid
sequence of SEQ 1D NO: 64, the masking moiety comprises residues 24 {0 319 of buman IL-12RB2, nasely
a sequence having SEQ 1D NO: 65, the non-cleavable linker comprises the amino acid sequence of SEQ
ID NO: 14, the cleavable linker comprises the amino acid sequence of SEQ ID NO: 53, and the first half-
fife extension domain comprises SEQ D NG 25 (Y349C; T3668; L38A; Y407V, and N297A) and the
second half-life extension domain comprises SEQ 1D NO 26 (8354C, T366W and N297A).

in some emboduments, the IL-12 cytokine or functional fragment thereof comprises the amino acid
sequence of SEQ D NO: 64, the masking moiety comprises residoes 24 10 319 of buyman IL-12RB2, namely
a sequence having SEQ D NG: 63, the non-cleavable linker comprises the aminoe acid sequence of SEQ
ID NQO: 55, the cleavable linker comprises the amino acid sequence of SEQ D NG: 46, and the first balf-
fife extension domain comprises SEQ 3 NO: 25 (Y349C; T3668; L38A; Y407V, and N297A) and the
second half-life extension domain comprises SEQ 1D NO 26 (S354C, T366W and N297A).

In some embodiments of the masked cytokine, the first polypeptide chain comprises:
NHLI-LI-MM O
and the sccond polypeptide chain comprises:

N BL2-L2-[IL-12p35-linker-lL-12p40] O
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where "1L-12p49° 15 the 1L-12p40 polypeptide or fanctional fragment thereof and “1L-12p357 15 the L~
12p33 polypeptide or functional fragment thereof. The first half Hife extension domain (HL 1}, the first linker
(L1), the masking moiety (MM}, the second half Bfe extension domarn (HL2), the second linker (1.2) and

1L-12 cytokine or fragment thereof ([1L-12p35-linker-IL-12p40]) may be as defined anywhere herein.

in some cmbodiments, the masked cytokine comprises 4 first polypeptide chain comprising an amino acid
seguence of SEQ 1D NO:34 and a second polypeptide chain comprising an amino acid sequence of SEQ
1D NO: 40,

in some cmbodiments, the masked cvtokine comprises a first polypeptide chain comprising an amino acid
sequence of SEQ I NO: 81 and a second polvpeptide chain corprising an amino acid sequence of SEQ
D NGO 40,

in some embodiments, the masked cytokine comprises a first polvpeptide chain comprising an amino acid
sequence of SEQ I3 NO: 34 and a second polypeptide chain corprising an amino acid sequence of SEQ
i NG: 88,

in some embodiments, the masked cytokine comprises a first polypeptide chain comprising an amino acid
sequence of SEQ 1D NO: 81 and a second polypeptide chain comprising an anune acid sequence of SEQ
D NO: 88,

In sorne ermbodiments, the masked cytokine comprises a first polypeptide chain comprising an amino acid
sequence of SEQ ID NO: 82 and a second polypeptide chain comprising an anine acid sequence of SEQ
D NO: 89

In some emmbodiments, the masked cytokine comprises a fiest polypeptide chain comprising an amine acid
sequence of SEQ [D NO: 83 and a second polypeptide chain comprising an amino acid sequence of SEG
D NO: 90.

In some ermbodiments, the masked cytokine comprises a first polypeptide chain comprising an amino acid
sequence of SEQ ID NO: 83 and a second polvpeptide chain comprising an aming acid sequence of SEQ
D NO: 91

in some embodiments, the masked cytokine comprises a first polypeptide chain comprising an amino acid
sequence of SEQ 1D NO: 82 and a sccond polvpeptide chain comprising an amino acid sequence of SEQ

D NG: 92,
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in sorme ermbodiments, the masked cytokine comprises a first polypeptide chain comprising an amingo acid
sequence of SEQ D NG: 83 and a second polypeptide chain comprising an amino acid sequence of SEQ
D NO: 95,

in some embodiments, the masked cytokine comprises a first polypeptide chain comprising an amino acid
sequence of SEQ D NO: 82 and a second polvpeptide chain comprising sn amino acid sequence of SEQ
D NO: 94,

in some cobodiments, the masked cyiokine comprises a first polypeptide chain comprising an amino acid
sequence of SEQ ID NO: 84 and a sccond polypeptide chain comprising an amino acid sequence of SEQ
D NO: 93,

In sooe embodiments, the masked cytokine comprises a first polypeptide chain comprising an amino acid
sequence of SEQ I3 NO: 84 and a second polypeptide chain coraprising an arine acid sequence of SEQ
i3 NG: 94,

In some embodiments, the masked cytokine comprises a first polypeptide Chain comprising an anmino acid
seguence of SEQ ID NO: 83 and a second polypeptide chain comprising an amino acid sequence of SEQ

D NO: 95,

in some crabodiments, the masked cytokine comprises a first polypeptide chain comprising an aming acid
sequence of SEQ ID NO: 82 and a second polypeptide chain conprising an anine acid sequence of SEQ
D NO: 96.

In some erabodiments, the masked cytokine comprises a first polypepiide chain comprising an amine acid
sequence of SEQ ID NO: 83 and a second polypeptide chain comprising an amino acid sequence of SEQ
D NO: 97

in some cmbodiments, the masked cytokine comprises a first polypeptide chain comprising an amino acid
sequence of SEQ D NG 82 and a second polypeptide chain comprising an amino acid sequence of SEQ
1D NQ: 98,

in some cmbodiments, the masked cytokine comprises 4 first polypeptide chain comprising an amino acid
sequence of SEQ ID NO: 84 and a second polypeptide chain comprising an amino acid sequence of SEQ
D NO: Y7
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in sorme ermbodiments, the masked cytokine comprises a first polypeptide chain comprising an amingo acid
sequence of SEQ [D NG: 84 and a sccond polvpeptide chain comprising an amino acid sequence of SEQ
D KO: 28,

2. CLEAVAGE PRODUCY

Provided herein is a cleavage product of a “heterodimeric’ masked IL.-12 cyvtokines described herein

The masked IL-12 cytokines described herein compuise a cleavable linker. Upon proteclytic cleavage of
the cleavable Hnker at the cleavage site, a cleavage product comprising the 1£-12 cytokine or functional
fragment thereof is formed. The IL-12 cytokine or functional fragment thereof in the cleavage product is
activated since it is no longer masked by the masking moiety. The IL-12 cytokine or functional fragment

thereof in the cleavage product is therefore capable of binding to the target protein.

The tumor cell environment is complex and can comprise multiple different proteascs. As such, the precise
site at which a given cleavable peptide within a masked HL-12 cviokine will be cleaved in the tumor cell
environment may vary between tumor types, between patients with the same tumor type and even between
cleavage products formed in the same tumor. Morcover, oven after cleavage, further modification of the
ratial cleavage product, e.g. by removal of one or two termainal amine acids, may cocur by the further action
of proteases in the twmor cell eovirovment. A distribotion of cleavage products can thus be expected o
form in the tumor cell envirorunent of a paticot following admimsiration of a masked cyiokine as described

herein.

Provided berein is a cleavage product capable of binding to IL-12R, the cleavage prodact comprising an
{1.-12 cytokine or functional fragment thereof, preparable by proteolytic cleavage of the cleavable peptide

in a masked {L.-12 cytokine as described anywhere herein.

Alse provided herein is a cleavage product of a masked IL-12 cytokine, where the cleavage product is
capable of binding to TL-12R, the cleavage product compusing an 1L.-2 cytokine or functional fragment
thereof as defined anywhere herein. Also provided herein is a distribution of cleavage products obtained
or obtainable from a single structure of a masked 1L-12 cytokine, where each cleavage product within
the distabution of ¢leavage products (i) is capable of binding to IL-12R and (i) comprises an IL.-12

cytokine or functional fragment thereof as defined anywhere herein.

Also provided herein 1s a cleavage product of a masked [L-12 cytokine, where the cleavage product is

capable of binding {0 {L-12R, the cleavage product comprising a polvpeptide comprising:
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PCP-SB-C
wherein PCP is a portion of a proteclytically cleavable peptide; SD is a spacer domain; and C is an 1L~

12 ¢ytokine or functional fragment thereofl

Further provided herein is a cleavage product of a masked 1L-12 cytokine, where the cleavage product is
capable of binding to [L-12R, the cleavage product comprising a protein heterodimer comprising:
a)  afirst polypeptide chain comprising a first half-life extension domain; and
by asecond polypeptide chain comprising a polypeptide comprising formula 5.
HL2-1.2-C
(5
wherein HL2 is a second half-life extcnsion domain; L2 is a non-cleavable linker; and C s an IL-12
cytokine or functional fragment thereof, and wherein the first batf-life extension domain is associated
with the second half-life extension domain. Also provided herein is a distribution of cleavage products
obtamned or obtainable from a single structure of a masked IL-12 cytwldne, where each cleavage prodact
within the distribution of cleavage products (i) is capable of binding to 1L-12R and (i) comprises a
protein heterodimer comprising:
4} a first polypeptide chain comprising a first half-life extension domain; and
by asecond polvpeptide chain comprising a polypeptide comprising formmuia 3:
HE2-123-C
(53
wherein HLZ is a second halflife extension domain; L2 is a non-~cleavable linker; and C is an 1L.-12
cvtokine or funciional fragment thereof; and wherein the first half-life extension domain is associated

with the second half-life extension domain.

Further provided herein s a cleavage product of a masked IL-12 cyickine, wher the cleavage product is
capable of binding to IL-12R, the cleavage product comprising a protein heterodimer comprising:

ay  a first polypeptide chain comprsing a poly peptide comprising:

HEI-SDB-PCP

wherein HL1 is a first half-life extension domain; SD is a spacer domain; and PCP is a portion of a
proteclytically cleavable peptide; and

by asecond polypeptide chain comprising a polypeptide comprising:

HLz2-L2-C

wherein HL2 is a second half-life extension domain; L2 is a non-Cleavable linker; and C s an IL-12
cviokine or functional fragment thereof; and

wherein the first half-life extension domain is associated with the second half-life extension domain

Within the cleavage product, the masking moiety, half-life extension domaing, IL-12 cytokine or functiogal

fragment thereof, Hokers, space domains and type of asscciation between the first balf-life exteasion



n

WO 2021/202678 PCT/US2021/025107

57

domain and the second half-life extension domain may be any one of those described herein, and any

combination of those described herein,

The location of the cleavable peptide determines the structure of the resulting cleavage product comprising
the 11.-12 cytokine.

A “portion of a proteolytically cleavable peptide”, refers to a part of the onignal proteolytically cleavable
peptide sequence afier cleavage at the cleavage site has occurred. After cleavage, further modification of
the initial cleavage product, e.g. by removal of one or two terminal amino acids, may also occur by the
further action of proteases in the tumor cell envitonment. As such, cleavage products within the distrdbution
of cleavage products that avight be formed in the tumor cell environment of a paticat following

adroioisiration of a masked cytokine might not contain any portion of the proteolytically cleavable peptide.

in some embodiments, a “portion” refers {6 1 amino acid, 2 amino acids, 3 amine acids, 4 amino acds, 5
amino acids or 6 amino acids of the original proteolytically cleavable peptide sequence. In some
embodiments, a “portion” refers to 2 amino acids of the onginal proteolytically cleavable peptide sequence.
In some embodiments, a “portion” refers to 3 amino acids of the onginal proteclytically cleavable peptide
sequence. In some embodiments, 4 “portion” refers w0 4 amino acids of the original proteoiviically cleavable

peptide sequence.
in some embodiments, the ‘portion’ of the proteolytically cleavable peptide is from 3 to 6 amino acids in
length. In sonwe embodiments, the “portion’ of the proteolytically cleavable peptide is 3 or 4 amine acids in

length.

Cleavage siles for cleavable linkers disclosed herein are disclosed below:

Sequence

(* indicates a cleavage site
withio the cleavable peptide)
MPYD*LYHP
DSGG*FMLT

HEQ*LTV

RAAAFVKSP

VPLE*LY

ISSGLL*SGRS
DLLA*VVAAS
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Purely by way of example, inthe above table, ¥ indicates a knowa or observed protease cleavage site within

the cleavable peptide.

Accordingly, herein disclosed 1s the cleavage product of any one of the masked cylokines disclosed herein.

n

in some embodiments, the cleavage product comprises an amino acid sequence having about or at feast
about 85%, 86%, 87%, 88%%, 89%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, or 99% sequence

identity to an amino acid sequence selected from the group consisting of SEQ 1D NO: 29,

16 in some embodiments, the cleavage product comprises an amino acid sequence having an amine acid

sequence comprising SEQ 1D NG: 29,

In some embodiments, the cleavage product comprises as aming acid sequence having about or at least
about 83%, 86%, 87%, 88%, 89%, 90%, 91%, 929, 93%, 94%, 95%, 96%, 97%, 98%, or 9% sequence

13 identity to an amino acid sequence selected from the group consisting of SEQ ID NO: 66.

In some embodiments, the cleavage product comprises an amino acid sequence having an amino acid

sequence comprising SEQ 10 NO: 66.

26 In some embodiments, the cleavage product comprises an amino acid sequence having abont or at least
about 85%, 80%, 87%, 88%, 89%%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence

identity to an amino acid sequerce selected from the group consisting of SEQ ID NO: 67.

In some cobodimenis, the ¢leavage product comprises an amine acid sequence having an amino acid

25 seguence comprising SEQ D NO: 67.

in some cmbodiments, the cleavage product comprises an aming acid sequence having about or at least

. B6%, 87%, 88%. §9%, 90%, 91%, 92%., 93%. 94%, 95

96%, 97%, 98%, or 99% sequence

about 85

identity (¢ an amine acid sequence selected from the group consisting of SEQ 1D NQO: 68.
30
in some embodinents, the cleavage product comprises an amine acid sequence having an anino acid

sequence comprising SEQ 1D NO: 68.

in some embodiments, the cleavage product comprises an amino acid sequence having about or at least
35 about 85%, 86%, 87%, 88%, 89%, 90%, 1%, 92%, 939, 94%, 95%, 96%, 97%, 98%, or 99% sequonce

identity to an amino acid sequence selected from the group consisting of SEQ ID NO: 69.
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in some embodiments, the cleavage product comprises an amino acid sequence having an amine acid

sequence coraprising SEGQ D NO: 69.

in some embodiments, the cleavage product comprises an amino acid sequence having about or at least

5 about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, $7%, 98%, or 99% sequence
idontity to an amino acid sequence selected from the group consisting of SEQ 1D NO: 70.
In some crbodiments, the cleavage product comprises an amino acid sequence having an amine acid
soquence comprising SEQ 1D NO: 70.
16

in some embodiments, the cleavage product comprises an amino acid sequence having about or at least
about 83%, 86%, B7%, S8%, 89%. 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, o 99% scquence

ideatily to an amine acid sequence selected from the group consisting of SEQ ID NO: 71.

13 In some embodiments, the cleavage product cornprises an amino acid sequence having an amino acid

sequence comprising SEQ 1D NG: 71

in some exmbodiments, the cleavage product comprises an amino acid sequence having about or at least
about 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% scquence

20 identity to an armino acid sequence selected from the group consisting of SEQ ID NO: 72,

In some entbodiments, the cleavage product comprises an amine acid sequence having an amino acid

sequence comprising SEQ 1D NO: 72.

25 In some embodiments, the cleavage product comprises an amino acid sequence baving about or at least
about 85%., 86%, 87%, 88%. 8%, 20%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%, or 99% sequence

identity (¢ an amine acid sequence selected from the group consisting of SEQ 1D NO: 73,

In some embodimenis, the cleavage product comprises an amino acid sequence having ap amino acid

3¢ seguence comprising SEQ ID NO: 73.

in some embodiments, the cleavage product comprises an amingo acid sequence having about or at least
about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence

identily to an anino acid sequence selected from the group consisting of SEQ 1D NO: 74,

in some crbodiments, the cleavage product comprises an amine acid sequence having an amine acid

sequence comprising SEQ 1D NO: 74
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in some cmbodiments, the cleavage product comprises an amine acid sequence having about or at least
about 85%. 86%, 87%, 88%6. 59%, 90%, 91%. 92%, 3%, 94%, 95%. 96%, 97%, 98%, or 99% sequence

identity (¢ an amine acid sequence selected from the group consisting of SEQ ID NO: 75.

n

in some embodiments, the cleavage product comprises an amino acid sequence having an apuno acid

sequence comprising SEQ 1B NO: 75,

In some embodiments, the clecavage product comprises an amino acid sequence having about or at least
about 85%, §6%, 87%, 88Y%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 9% sequence

16 identity to an amine acid sequence selected from the group consisting of SEQ 1D NO: 76.

In some crobodiments, the cleavage product comprises an amine acid sequence having an amino acid

sequence comprising SEQ 10 NG 76,

13 In some embodiments, the cleavage product comprises an amino acid sequence having about or at least
about 83%, 86%, 87%. 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%. 98%, or 99% sequence

wlentity 1o an aming acid sequernce selected from the group consisting of SEQ [D NO: 77,

In some cmbodiments, the cleavage product comprises an amino acid sequence having an amino acid

20 sequence corprising SEQ 1D NO: 77,

in some cmbodiments, the cleavage product comprises an amino acid sequence having about or at least
abont 85%, 86%, 87%, 88%, 89%, 90%, 01%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence

identity 1o an amino acid sequence selected from the group consisting of SEQ TR NO: 78,

In some smbodiments, the cleavage product comprises an amine acid sequence having an amino acid

sequence coraprising SEQ D NO: 78

iIn some cmbodiments, the cieavage predact comprises an amino acid sequence having about or at least
3¢ about 85%, 86%, 87%, 88%, 59%, 30%, 91%, 92%, 93%, 94%, 85%, 96%6, 97%, 98%, o1 99% sequence

identity lo an amino acid sequence selected from the group congisting of SEQ 1D NO: 79,

in some embodiments, the cleavage product comprises an amino acid sequence having an amino acid

sequence comprising SEQ 1D NO: 79

in some embodiments, the cleavage product comprises as amino acid sequence having about or at least
about 85%, 86%, 87%. 88%, 89%, 90%, 1%, 92%. 93%, 04%, 95%. 96%, 97%. 98%, or 99% sequence

identity to an amino acid sequence selected from the group consisting of SEQ ID NO: 80.
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in some embodimenis, the cleavage product comprises an amine acid sequence having an amino acid

sequence coraprising SEQ B NO: 80,

3. BINBING ASSAYS

The strength, or affinity of immunclogical binding interactions, such as between a cytokine or functional
fragment thereof and a binding partner (¢.g8., a target protein, such as a ¢ytokine receptor) for which the
cytokine or functional fragrnent thereof is specific, can be expressed in terms of the dissociation constant
(Kdy of the inferaction, wherein a smaller Kd represents a greater affinity. The binding of the fL-12
cytokine to the IL-12 cytokine receptor can be expressed in terms of the Kd. In some embodiments, the
iurmunclogical binding isteractions are between a masked cytokine (in the picsence or absence of a
protease) and a target protein, such as a eytokine receptor. lmmunological binding properties of proteins
can be quantified using methods well known in the art. For example, one method comprises measuring the
rates of cviokine receptor (e.g.. IL-12R)Y/cytokine (e g, TL-12) complex formation and dissociation, wherein
those rates depend on the concentrations of the complex parinets, the affinity of the interaction, and
geometric parameters that equally influence the rate in both directions. Both the “on rate constant”™ (Kon)
and the “off rate constant” (Koff) can be determined by calculation of the concentrations and the actual
rates of association and dissociation. The ratio of Koifi/Kon enables the cancelation of all patameters not
related to affinily, and is equal o the dissociation constant Kd. Sce Davigs ¢t al., Annual Rev Biochem.
59:439-473, (1990).

in some aspects, a masked cytokine described berein binds to a target protein with about the same or higher
affinity upon cleavage with a protease as compared to the parental cytokine that comprises a rasking

moiety but does not comprise a cleavable peptide. The target protein can be any cytokine receptor.

in some embodiments, 3 masked cytokine provided herein that does not comprise a cleavable peptide in
the linker has a dissociation constant (Kd) of < IM, <150 nM, <100 oM, <50 oM, < 10 nM, <1 nM, <0.1
oM, <0.01 M, or <0.001 oM (e.g. 10-8 Morless, ¢.g. from 10-8 Mo 10-13 M, e.g., from 10-9 Mo 10~
13 M) with the target protein. In some embodiments, a masked cytokine provided herein that comprises a
cleavable peptide in the linker has a dissociation constant (Kd) of <1M, <130 nM, <100 nM, <50 oM, <10
oM, <1 oM, <0.1 nM, <0.01 oM, or 6.001 oM (e.z. 10-8 M orless, ¢.g from 10-8 M 1o 10-13 M, ¢z,
from 10-9 M to 10-13 M) with the target protein prior 10 cleavable with a protease. In some crobodiments,
a masked cytokine provided hercin that comprises a cleavable peptide ia the bisker has a dissociation
constant (Kd) of <IM, <1580 nM, < 100 M, <50 oM, <10 nM, <1 oM, <0.1 oM, <G.01aM, or <0.001 nM
(e.g. 10-8 Morless e.g. from 10-8 M (0 10-13 M| e g, from 10-9 M to 10-13 M) with the target protein

upon cleavage with a protease. In some embodinents, the cytoking or functional fragreent thercof of a
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inasked cytokine provided herein has a dissociation constant (Kd) of > 500M, > 250M, >200M, > 150M,
> 160M, = 50M, = 10M, > IM, > SO0 M, >25¢ oM, > 150 nM, > 100 oM, > S0 nM, > 10nM, > 1
aM, > 0.1 nM, > 0.01 oM, or > 6001 oM with the masking moicty of the masked cytokine. In some
embodiments, the cytokine or functional fragment thereof of a masked cytokine provided herein has a
dissociation consiant (Kd) that is between about 200M and about 50 nM, such as about or at least sbout
175M, about or at least about 150M, about or at least about 125M, about or at least about 100M, about or
at least about 75M, about or at least about 36M, about or at least about 25M, about or at least about 3M,
about or at least about 1M, abowut or at east about 750 ni, about or at least about 500 nM, about or at least
about 250 oM, about or at least about 150 nM, about or at least about 100 nM, about or at Ieast about 75

nM, or about or at least about 50 nM. Assays for assessing binding affinity are well known in the art.

In some aspects, masked cytokines that exthibit a desired occlusion ratio are provided. The term “occlusion
ratio” as used bercin refers a ratio of (a) a maxuoum detecied level of a parameter under a fiest set of
conditions {¢ (b) a minimum detected value of that parameter under a second set of conditions. In the
context of a masked [L-12 polypeptide, the occlusion ratio refers to the ratio of (a) a maxirmum detected
fevel of target protein (¢.g., 1L-12R protein) binding to the masked TL-12 polypeptide in the presence of at
least one protease capable of cleaving the cleavable peptide of the masked IL-12 polypeptide to (b} a
minimum detected level of target protein (e.g., 1L-12R protein) binding to the masked L-12 polypeptide
in the absence of the protease. Thus, the occlusion ratio for a masked cytokine can be calculated by dividing
the EC50 of the masked cytokine pre-cleavage by the ECS0 of the masked cviokine post-cleavage. The
occlusion ratio of a masked cytokine can also be caleuiated as the ratio of the dissociation constant of the
masked cytokine before cleavage with a protease to the dissociation constant of the masked cytokine after
cleavage with a protease. In some embodiments, a greater occlusion ratio for the masked cytokine indicates
that target profein bound by the masked cytokine occurs to a greater extent {¢.g., predominantly occurs) in
the presence of a protease capable of cleaving the cleavable peptide of the masked cytokine than 1o the

absence of a protease.

in some embodiments, masked cytokines with an optimal occlusion ratio are provided herein. In some
cmbodiments, an optimal occlusion ratio of a masked cytokine indicates the masked cytokine has desirable
propetties nseful for the methods or compositions contemplated herein.  In some embodiments, a masked
cytokine provided herein exhibits an optimal occlusion ratio of abowt 2 to abowt 10,000, e.g., about 80 to
about 100. in a further embodiment of any of the masked cytokine provided herein, the occhusion ratio is
about 2 to about 7,500, about 2 to about 3,000, about 2 to about 2,500, about 2 to about 2,000, about 2 to
about 1,000, about 2 1o about 900, about 2 to about 800, about 2 to about 700, about 2 to about 600, about
2 to about 500, about 2 o about 400, about 2 to about 300, about 2 1o about 200, about 2 to sbout 100,
about 2 t© about 50, about 2 0 about 28, abowut 2 to sbout 13, about 2 to about 10, about 3 to about 10, sbout
5 10 about 15, about 5 to about 20, about 10 to about 100, about 20 o about 100, about 30 to about 100,
about 40 to about 100, about 50 to about 100, about 60 to about 100, about 70 to about 100, about 80 to
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about 100, or about {00 to about 1,000, In some embodiments, a masked cytokine provided herein exiubits
an optimal occlusion ratio of abowt 2 to about 1,000, Binding of a masked 1L-12 polypeptide to a target
protein before cleavage and/or after cleavage with a protease can be determined using techmigues well

known in the art such as by ELISA.

in some embodiments, a masking moiety described herein binds to a eviokine or fimctional fragment thereof
as described herein with lower affinity than the affinity between the cytokine or functional fragment thereof
and a target protein (¢.g., cytokine receptor). In cerfain embodiments, a masking moicty provided herein
binds to a cytokine or functional fragment thereof as described herein with a dissociation constant (Kd) of
> S00M, = 250M, > 2000, > 130M, = 100M, > 50M, > 10M, = IM, > 3500 oM, > 230 1M, > 150 8M, =
100 aM, > 530nM, > 100M, > oM, > 0.1 nM, > 0.01 sM, or> 0.001 nM.

4. BMASKED IL-12 CYTOKINE PRODUCTION

The masked cytokines described herein are prepared using techmques available in the art, exemplary

methods of which are deseribed.

4.1 Antibody Preduction

Some embodiments of the masked I1L.-12 cytokine comprise anantibody or fragment thereof. The following
sections provide further detail on the production of antibodies and antibody fragments, varianis, and
derivatives thereof, that may be used in some embodiments of the masked IL.-12 cytokine provided berein,
in some embodiments, the masked cviokine is in the form of a dimer produced by two copies of a masked

iL.-12 cytokine that are associated through disulfide bonds.

i, Antibody Fragments

The present invention encompasses, in sorne embodiments, anitbody fragments. The antibody fragments
can be any antibody fragments, such as an Fo domain, a portion of the heavy chain, a portion of the light
chain, an Fab, an Fv, or an scFv, among other fragments. Asntibody fragments may be gencrated by
traditional means, such as enzymatic digestion, or by recombinant techniques. In certain circumstances,
there are advantages of linking antibody fragments, rather than whole antibodies, to the masked cytokines
described herein. For a review of certain antthbody fragments, see Hudson ¢t al. (2003) Nat. Med. 9:129-
i34

Various techiigues have been developed for the production of antibody fragments. Traditionally, these

fragments were derived via proteolytic digestion of intact antibodies (see, ¢.g., Morimoio et al., Journal of
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Biochemical and Biophysical Methods 24:107-117 (1992); and Brennan et al., Science, 229:81 (1985)).
However, these fragments can sow be prodoced directly by recombinant host cells. Fab, Fv and ScFy
antibody fragments can all be expressed in and secreted from E. coli and other cell types, such as HEK293
and CHO cells, thus allowing the facile production of large amounts of these fragments. Alfernatively,
Fab-SH fragments can be directly recovered {rom culture media and chemicatly coupled to form Fab)2
fragments (Carter et al,, Bio/Technology 10: 163-167 {1992)). According to another approach, F(ab)2
fragments can be isolated directly from recombinant host cell culture. Fab and F(ab)2 fragments with
increased in vivo half-life comprising FeRN / salvage recepior binding epitope residucs are described in
.8, Pat. No. 5,869,046, Other techniques for the production of antibody fragments for use in the masked
cviokines will be apparcnt to the skilled practitioner. In certain embodiments, a masked cyvtokine comprises
a single chain Fv fragment (scFv). See WO 93/16185; UK. Pat. Nos. 5,571,894, and 5,587,458, scFv
fusion proteins may be constructed to yield fosion of an effector pmotein at either the amino or the catboxy

terminus of an scFv. See Antibody Engincerng

(=33

od. Borrebacck, supra. Also, in some embodiments, bi-

sefv comprising two scFvs Hoked via a polypeptide linker can be vsed with the masked cytokines.

The present invention includes, in some embodiments, a baear antibody (e.g., as described in U.S. Pat. No.
5,641,870} or a single chain immunoglobulin comprising heavy and light chain sequences of the antibody
linked via an appropdate linker. Such linear antibodies or immunoglobuling may be monospeciiic or
bispecific. Such a single chain immunoglobulin can be dimerized to thercby maintain a structure and
activitics similar to those of the antibody, which is originally a tetramer. Also, in some embodiments, the
antibody or fragment thereof may be an antibody that has a single heavy chain variable region and has no
light chain sequence. Such an antibody is called a single domain antibody (sdAb) or a nanobody. These
antibodies are also encompassed in the meaning of the functional fragment of the antibody according to the
present invention. Antibody fragmenis cae be linked to the masked cytokines described herein according

to the guidance provided hereig.

2 Humanized Antibodies

The inveniion encompasses, in some embodiments, hamanized antibodies or antibody fragments thercof,
in some embodiments, the humanized antibodies can be any antibodies. inchuding any antibody fragment.

farious methods for humanixing non-human antibodies are known in the art. For example, a humanized
antibody can have one or more amine acid residues introduced into it from a source which is non-human,
These non-human amino acid residucs are often referred 1o as “import” residucs, which are typically taken
from an “inport” variable domain. Humanization can be essentially performed following the method of
Winter (Jones et al. (1986) Nature 321:522-525; Riechmann et al. (1988) Nature 332:323-327; Verhoeyen
ot al. (1988} Science 239:1534-1536), by substituting by pervanable tegion sequences for the correspanding
sequences of a human antibody . Accordingly, such “bumanized” antibodies ate chimeric antibodies (U.S.

Pat. No. 4,816,567) wherein substantially less than an intact humas vadable domain has been substituted
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by the corresponding sequence from a non-human species. In practice, hamamzed antibodics are typically
buman antibodies in which some hypervariable region residoes and possibly some FR residues are
sabstituied by residues from analogous sites in rodent antibodies. Humanized antibodics can be linked to

the masked cytokines described herein according to the guidance provided herein.

3. Human Antibodics

Husan antibodies of some embodiments of the invention can be constructed by combining Fv clone
variable domain sequence(s) selected from human-derived phage display libraries with known buman
constant domain sequences(s). Alternatively, buman monoclonal antibodics of some embodiments of the
tavention can be made by the hybridoma method, ¢.g., by using mouse, rat, bovine (¢.g., cow), or rabbit
cells, for example, to produce the human mosoclonal aatibodies. In some crabodiments, the buman
anttbodies and buman monocional astibodies can be astibodies that bind to anv asotigen. In some
embodiments, human monoclonal antibodies of the invention can be made by immonizing a non-human
animal that comprises haman immunoglobulin loct with the target antigen, and 1solating the antibody from
the immunized aniraal or from cells derived from the immenized animal. Exaraples of suitable non-human
animals include a transgernic or transchromosomic animal, such as HuMAb Mouse® (Medarex, Inc.), KM
Mouse®, “TC mice,” and Xenomouse?™. See, ¢.g.. Lonberg, et al. (1994) Nature 368: 856-859; Fishwild,
D. et al. (1996} Nature Biotechnology 14: 845-851; WQ2002/43478; U S. Pat. Nos. 5,939,598, 6,075,181,
6,114,598; 6,150,584; 6,162,963; and Tomizuka et al. (2000) Proc. Natl. Acad. Sci. USA 97:722-727.

{0420} Human myeloma and murine-human heteromveloma cell lines for the production of human
monocional antibodies have been described, for example, by Kozbor J. Tmmunol, 133: 3001 (1984);
Brodeur et al,, Monoclonal Antibody Production Techuicues and Applications, pp. 51-63 (Marcel Diekker,
Inc., New York, 1987); and Boeruer ¢t al., I. mmunol., 147: 86 (1991). Huoman antibodies canbe hinked to

the masked cytokines descrbed herein according to the guidance provided herein.

4. Bispecific Antibodies

Bispecific antibodies are monoclonal antibodies that have binding specificities for at least two different
antigens. In certain embodiments, bispecific antibodies are human or humanized antibodies. In some
embodiments, one of the binding specificitics is for a first antigen and the other binding specificity is fora
second antigen, which may be either two different epitopes on the same target protein, or two different
epitopes on two different farget proteins. Bispecific antibodies may also be used to localize cytotoxic agents
to cells which expreas the first antigen and/or the second antigen. Bispecific antibodies may also be used
to recruit cells, such as T cells or natural killer cells, to kil certain cells, ¢.g., cancer cells. Bispecific

antibodics can be prepared as full-length antibodies or antibody fragments {(e.g. F{ab)2 bispecific
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antibodies). Bispecific antibodies can be linked to the masked cytokines described herein according to the

guidance provided berein,

Methods for making bispecific antibodies are known in the art. See Milstein and Cuello, Nature, 305: 537
{19833, WO 93/08829 published May 13, 1993, Traunccker et al., EMBO §.| 10: 3655 (1991); Konfermann
and Brnkmann, Drug Discovery Today, 20(7):838-847. For further details of generating bispecific
antibodies see, for example, Suresh et al., Methods in Enzymology, 121:210 (1986). Bispecific antibodies
iactude cross-linked or “heteroconjugate” antibodies. For example, ons of the astibodies in the
heteroconjugate can be coupled to avidin, the other to biotin. Heteroconjugate antibodies may be made
nsing any converdent cross-linking macthod. Suitable cross-linking agents are well known in the art, and are

disclosed in U.S. Pat. No. 4,676,980, along with a number of cross-tinking techuiques.

3. Single-Domain Antibodies

in some embodiments, a single-domain antibody is lnked to the masked cytokine in accordance with the
gmdance provided berein. The single~domain antibody can be any antibody. A single-domain antibody is
a single polypeptide chain comprising all or a portion of the heavy chain variable domain or all or a portion
of the light chain variable domain of an antibody. [n certain embodiments, a single-domain antibody is a
human single-domain antibody (Domantis, Inc., Waltham, Mass.; see, e.g., U.S. Pat. No. 6,248,516 B1). In
some erabodiments, a single~-domain antibody consists of ali or a portion of the heavy chainvariable domain
of an antibody. In some emmbodiment, the single domain antibody is a camelid-derived antibody obtained
by immunization of a camelid with the target antigen. In some embodinents, the single domain antbody
is a shark-derived antibody obtained by immunization of a shark with the target antigen. In some
cmabodiments, the single domain anmiibody is a Nawmobody (sce. ¢.g., WO 2004041865A2 and
US20070269422A1).

6. Antibody Variants

In some embodiments, amino acid sequence modification(s} of the antibodies or fragments thereof
described herein are contemnplated. For example, it may be desirable to improve the FcRn- binding affinity
and/or pH-dependent FcRuebinding affinity of the antibody. It may also be desimable to promote
heterodimerization of antibody heavy chains by introducing certain amino acid modifications. Methods for
promoting heterodimerization of antibody chains, including certain modifications that can be made

facilitate heterodimerization, is described by Klein et al. (2012), MAbs, 4(H): 653-663.

Amino acid sequence varianis of the antibody may be prepared by introducing appropriate changes into the
nnclectide sequence encoding the antibody, or by peptide synthesis. Such medifications include, for

example, delctions from. and/or insertions inte and/or substitutions of, residucs within the amine acid
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sequences of the antibody. Any combination of deletion, tnsertion, and substitution can be made to arrive
at the final constract, provided that the final construct possesses the desired characteristics. The aming acid
alterations may be introduced 1n the subject antibody amino acid sequence at the tme that sequence is

made.

A useful method for identification of certain residues or regions of the antibody that are preferred locations
for mutagenesis is called “alanine scanning mutagenesis” as described by Cunningham and Wells (1989)
Science, 244:1081-1085. Here, a residue or group of target residues are identified (c.g.. charged residucs
such as arg, asp, his, Iys, and ghu) and replaced by a neutral or negativelv charged amino acid {e.g., alanine
or polyalanine) fo affect the interaction of the amino acids with antigen. Those amino acid locations
deraonstrating functional sensitivity to the substitutions then are refined by introducing further or other
variants at, or for, the sites of substitution. Thus, while the site for introducing an amino acid sequence
variation is predetermined, the pature of the mutation per se need not be predetermined. For example, o
analyze the performance of a mutation at a given site, ala scanming or random ravdagenesis is conducted at

the target codon or region and the expressed immuonoglobuling are screened for the desired activity.

Amino acid sequence insertions include amino- and/or carboxyl-ternunal fusions ranging in length from
one residue to polypeptides containing a hundred or more residues, as well as infrasequence insertions of
single or multiple amino acid residies. Examples of terminal insertions inchude an antibody with an N-
terminal methionvl residue. Other insertional variants of the antibody molecule include the fusion fo the N-
or C~erptirws of the antibody to an enzyme or a polypeptide which increases the serum half-life of the

antibody.

in some crabodiments, the masked cytokine 1s modified to climinate, reduce, or otherwise hinder protease
cleavage near the hinge region. The “hinge region” of an IgG is generally defined as inclading E216 and
terminating at P230 of human IgGl according to the EU index as in Kabat, but, functionally, the flexible
portion of the chain may be considered to inctude additional residues termed the upper and lower hinge
regions, such as from E216 (o G237 (Rouvx et al., 1998 I Immmunol 161:40%3) and the lower hinge has been
referred to as residoes 233 to 239 of the Fc region where FoyR binding was gencrally attributed.
Modifications to any of the masked cytokines descnbed herein, can be performed, for example, according
to the methods described in US 20130139984 A1, which is incorporated herein by reference, as well as by

incorporating any of the modifications described therein,

In some embodiments, FcRn mutations that improve phammacokinetics include, but are not lindfed to,
M428L., T250Q/M428L, M252Y/S254T/T256E, P25TUN434H, D3T6V/MNA34H, P25TH(Q3111, N434A,
N434W, MAZRL/NA34S, V259UV308F, M232Y/S234T/T256E, V259U V308F/M428L, T3070Q/N434A,
T307T0M4348, TI0TQEIROAMAEZ4A, VIO8P/N434A, N434H, V308P. In some embodiments, such
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inatations enbance antibody binding to ¥oRn at low pH but do ot change the anttbody affinity al neotral
pHL

in certain embodiments, an antibody or fragment thereof is altered to increase or decrease the extent fo
which the antibody s glycosylated. Glveosviation of polyvpeptides is typically either N-linked or Odinked.
N-tinked refers to the attachment of a carbohydrate moiety to the side chain of an asparagine residue. The
tripeptide sequences asparagine-X-serine and asparagine-X-threonine, where X is any aniino acid except
proline, are the recognition sequences for enzymatic attachment of the carbohydrate moiety to the
asparagine side chain. Thus, the presence of either of these tripeptide sequences in a polypeptide creates a
potential glycosvlation site. O-linked glycosylation refers to the attachment of one of the sugars N-
aceytigalactosamine, galactose, or xylose to a hydroxyamino acid, most commonly serine or threonine,

although 5-hydroxyprotine or S-hydroxylysine may also be used.

Addition or deletion of glycosylation sites to the masked cytokine is conveniently accomplhished by altening
the amino acid sequence such that one or more of the above-described tripeptide sequences (for N-finked
ghycosylation sties) is created or removed. The alteration may also be made by the addition, deletion, or
substitulion of one or more serine or threonine residues to the sequence of the original antibody (for O-

linked glycosylation sites).

Where the antibody or fragment thereof comprises an Fe region, the carbohydrate attached thereto mav be
altered. For example, astibodies with a mature carbolydrate structure that lacks fucose attached fo an Fe
region of the antibody are described in US Pat Appl No US 2003/0157108 (Presta, L..). Sce also US
2004/0093621 (Kyowa Hakke Kogyo Co., Ltd). Antibodies with a bisecting N- acetvlglucosamine
(GlcNA¢) in the carbohydrate attached to an Fe region of the antibody are referenced 1o WO 2003/011878,
Jean-Mairct et al. and U.S. Pat. No. 6,602,684, Umana ¢t al. Antibodies with at least one galactose residue
in the oligosaccharde attached to an Fc region of the antibody are reported in WO 1997/30087, Patet et al.
See, also, WO 1998/58964 (Raju, S.) and WO 1999/22764 (Raju, S.) concerning antibodies with altered
carbohiydrate attached to the Fo region thercof. See alse US 2005/0123546 (Umana et al) on antigen-

binding molecules with modified glycosylation

in certain embodiments, a glycosylation variant comprises an Fe region, wherein a carbohydrate structure
attached to the Fc region lacks fucose or has reduced fucose. Such variants have improved ADCC function.
Optionally, the Fc region further comprises one or more amino acid substitutions therein which further
mmprove ADCC, for example, substitutions at positions 298, 333, and/or 334 of the Fe region (Eu mumbering
of residues). Examples of publications related to “defucosylated” or “fucose-~deficient” antibodies include:
US 2003/06157108;, WO 2000/61739, WO 2001/29246; US 2003/0115614; US 2002/0164328;, US
2004/0093621, US 2004/0132140; US 2004/0110704, US 20604/0110282; US 2004/01098635. WO
2003/085119; WG 2003/684570, WO 2005/035586; WO 2005/035778; WO2005/053742; Okazakietal. ],
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Mol Biol 336:1239-1249 (2004); Yamane-Ohnuki et al. Biotech. Biceng. 87: 614 {2004). Examples of
cell lines producing defucosylated antibodies inclade Lec 13 CHO cells deficient in proiein fucosylation
(Ripka et al. Arch. Biochem. Biophys. 249:533-345 (1986); US Pat Appl No US 2003/0157108 Al Presta,
L; and WO 2004/056312 Al, Adams et al., especially at Example 11), and knockout cell lines, such as
alpha~1.6- fucosy ltransferase gene, FUTE, knockout CHO cells (Yamane-Ohnuks et al. Biotech. Bioeng.
87: 614 {2004)), and cells overexpressing (31,4-N-acetylglveosminyltransferase 31 (GnT-1f) and Golgi p-

mannosidase 11 (Manll).

inany of the embodiments herein, the masked cvtokine can be engineered to tmprove antibody -dependent
cell-mediated cytotoxicity (ADCC) activity. In some embodiments, the masked cytokine may be produced
in a cell line having a alphal,5-fucosy liransferase (Fui8) knockout. In some embodiments, the host celis
have been modified to have reduced intrinsic alphal ,6-fucosylation activity. Examples of methods for
modifying the fucosylation pathwavs in manunalian bost cells can be found in, ¢.g., Yamane-Ohaunki and
Satoh, MAbs, 1(3): 230-236 (2009), the contents of which are incorporated herein by reference. Examples
of methods and compositions for partially or completely inactivating the expression of the FUTS gene can
be found in, ¢.g. US Pub. No. 20160194663A 1, WO2006133148A2, the contents of which arc
meorporated herein by reference. In some embodiments, the masked cytokine is produced in the Lecid
variant of CHO cells (see, ¢.g, Shields et al, I Biol Chem,, 277(30):26733-40 (2002)) or the YB2/0 cell
Hine having reduced FUTSE activity (see, ¢.g., Shinkawa et al., . Biol Chem, 278(5): 3466-73 (2003)). In
some embodiments, small interfering RNA (siRNA} against genes relevant to alphal,6-fucosylation canbe
mtroduced (see, ¢.z., Mox et al, Biotechool. Bioeng. 88(7): 901-908 (2004); Imai-Nishiya ¢t al., BMC
Biotechnol. 7: 84 (2007), Omasa et al, ], Biosci. Bioeng., 106(2): 168173 (2008)). In some further
embodiments, the masked cviokine may be produced in a cell line overexpressing [31,4-N-
acetylglycosminy rassforase TH (GoT-HI). In further enbodiments, the cell line additionally overexpresses
Golgl p-maneosidase H (Maoll). 1o some of the embodimenis herein, the masked cytokine may comprise

at least one amino acid substitution in the Fc region that improves ADCC activity.

iIn some embodiments, the masked cytokine s altered to improve its serum half-life. To increase the serum
half-life of the cytokine. one may incorporate a FCRN /salvage receptor binding epitope into a linked
antibody (especially an antibody fragrment) as described in U.S. Pat. No. 5,739,277, for example. As used
herein, the term “salvage receptor binding epitope” refers to an epitope of the Fe region of an 1gG molecule
fe.g., 1gGl, G2, 12G3, or igG4) that is responsible for increasing the in vivo serum half-life of the 1gG
molecude (US 2003/0190311, U.S. Pat. No. 6,821,508; U.S. Pat. No. 6,165,745, U.8. Pat. No. 5,624,821,
U8, Pat. No. 5,648,260; 1.8, Pat. No. 6,165.745; U.S. Pat. No. 5,834,597).

Ancther type of variaat is an amino acid substitution variant. These variants have at least ene amino acid
residuc in the aotibody molecule replaced by a different residue. Sites of ioterest for substinutional

routagenesis joclude the hypervariable regions, bui FR alterations are also conteraplated. Counservative
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sabstituiions are shown in Table 3 under the heading of “preferred substitutions.” H sach substitutions resolt

in a desirable change in biological activity, then more substantial changes, denominated “exemplary

sabstitutions” in Table 3, or as further described below 1o reference to amino acid classes, may be

introduced and the products screened.

Crigingd B

Exemploy Substifistions

Preferved Substitutions

Ala{d) Yal Leqa: Be Yl
Arg {Ry Eys: Gin: Asn Py
Asn (N G Hiss Asp, Bess Are (Gin
As Ol A 3
Ser, & Ser
Asse Asn
Asp: Gha Asp
Ala Ala
A Gl L Aseg Arg
fie il e Vabh Met; Ada; Phe; Novdencine fen
Lea L} Nocdeacine: He Val Met: Alw: Phe fie
Agg Gl don Asg
Pawy Phe Hle feu
Trpy Len Val Ber Aday Ty Tyr
Adst Ala
Th Thy
Val Ser Sar
Tyr: Phe Ty
Trp: Fhe The Ser Phe
Yal (V) fie; Lew; Mot Fhel Ala: Nurleucine Len

Substantial modifications in the biological propertics of the antibody are accomplished by selecting

substitetions that differ significantly in their effect on maintaining (a) the structure of the polypeptide

backbone in the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or

hydrophobicity of the molecude at the target site, or ¢} the bulk of the side chain. Amino acids may be

grouped according to similarities in the properties of their side chains (in A. L. Lehninges, in Biochemustry,
second ed., pp. 73-75, Worth Publishers, New York (1975)):
€D} non-polac Ala (A), Val (V), Leu (L), lis ), Pro (P), Phe (F), Trp (W), Met (M)
(93] uncharged polar: Gly (G), Ser (S), Thr (T), Cys (C), Tyvr (Y, Asn (N), Gin (Q)
[€)] acidic: Asp (D), Glu ()

(4) basic: Lys (X)), Arg (R), His (H)

Alierpatively, naturally occurring residues may be divided isto groups based on coramon side-chain

properties:
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)] hydrophobic: Notleucine, Met, Ala, Val, Lew, he;
(2) neatial bydeophilic: Cys, Ser, Thr, Asn, Gin;
(3) acidic: Asp, Ghu,
(4) basic: His, Lys, Arg;

Ln
&
s

residues that influence chain onentation: Gly, Pro;

(6) aromatic: Trp, Tvr, Phe.

Nos-conservative substitutions will entail exchanging a member of one of these classes for asother class.
Such substituted residues also may be introduced into the conservative substitution sifes or, infe the

16 remaining (non-conserved) sites.

Ancther type of substitutional variant iavolves the substitution of a nmaturally occurdng amino acid residue
for a pon-naturally ocowrring amino acid residue. Non-oaturally occurring aming acid residues can be
wcorporated, e.g., through BNA recoding, or through any of the methods as descrbed, ¢.g., in WO

13 20161546735A1L, which is incorporated herein by reference.

One type of substitutional variant involves substifuting one or more hypervariable region residues of a
parent antibody (e.g., 38 humanized or buman antibody). Geunerally, the resulting variani(s) selected for
further development will have modificd (e.g., improved) biclogical propertics relative to the parent
26 antibody from which they are generated. A convenient way for generating such substitutional variants
mwolves affinity matwation using phage display, yeast display, or mammalian display. Bristly, several
hypervariable region sites {e.g., 6-7 sites) are rautated to generate all possible amino acid substitutions at
each site. The antibodies thus generated are displaved from filamentous phage particles as fusions to at
fcast part of a phage coat protein (¢.g., the gene TH product of M13) packaged within cach particle. The
25 phage-displayed variants are then screened for their biclogical activity (e.g., biading affinity). In oxder o
identify candidate hypervariable region sites for modification, scapning mwtagenesis {(e.g., alanice
scanmning) ¢an be performed to identify hypervariable region residues contributing significantly to anligen
binding. Alternatively, or additionally, it may be beneficial to analyze a crvstal structure of the antigen-
antibody complex to identify contact points between the antibody and antigen. Such contact residucs and
3¢ oeighbouring residues are candidates for substitetion according to lechmques kuown in the att, including
those elaborated herein. Ornce such varants are generated, the panel of variants is subjected to screening
using technigues known in the art, inchuding those described herein, and antibodies with superior properties

in one or more refevant assays may be selected for further development.

35 Nucleic acid molecules encoding amino acid sequence variants of the masked cytokines are prepared by a
variety of methods known in the art. These methods inchude, but are not Horited to, isclation from a natoral

source (in the case of naturaily ocenrring amine acid sequence varianis) or prepacation by oligonucieotide-
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inediated (or site-directed) mutagenesis, PCR mutagenes:s, and cassette mutagenesis of an earlier prepared

varant or a non-variant version of the antibody, for exaraple.

it may be desirable to introduce one or more amino acid modifications in an Fe region of antibodies of the

n

invention, thereby generating an Fo region variant. The Fe region variant may comprise a human Fe region
sequence {(e.g., 2 human 1eGl, 18G2, {gG3 or eG4 Fe regiony comprising an amino acid modification {(e.g.

a substitution) at one or more anino acid positions including that of a hinge cysteine.

in some embodiments, a masked cytokine provided herein includes an antibody ot fragment thereof having
10 an IgGl, 1gG2, 1gG3, or fgG4 isotype with enhanced effector function. In sore embodiments, a masked
cvtokine provided berein jocludes an antibody or fragment thercof baving ao IgGl isotype with enhanced
effector function. In some embodiments, a masked cytokine provided herein has an IgGl isotype with
enhanced ¢ffecior fupction.  In some cmbodiments, the masked cytokios is afucosylated. I some
embodiments, the masked cytokine has increased levels of mannose raoietics. In some embodiments, the
13 masked cytokine has increased levels of bisecting glycan moieties. In some embodiments, the 1gG1

coraprises aming acid mutations.

In some embodiments, a masked cytokine provided herein includes an antihody having an {gG1 isotvpe
(e.g., a human [gG1 isotype). In some cmbodiments, the 1gGl comprises one or more amino acid
26 cubstitutions that enbance effector function. In one embodiment, the Ig(Gl comprises the amino acid
substitutions S298A, E3334, and K334A wherein the amino acid residues are numbered according to the
ElJ index as in Kabat. In one embodinent, the IgGl comprises the amino acid substitutions $239D and
1332E wherein the anino acid residues are numbered according 1o the EU index as in Kabat In one
crabodiment, the [gG1 comprises the amino acid substitutions S239D, A330L, and 1332F whercin the
25 amieo acid residues are numbered according to the EU index as in Kabat. In one embodiment, the IgG1
comprises the amine acid substitutions P2471 and A339D or A339Q) wherein the amino acid residues are
sumbered according lo the BU index as in Kabat. In one erabodiment, the [gG1 comprises the amino acid
substittions D280H, K2905 with or without S298D or S298V wherein the amino acid residues are
mnbered according o the BU index as in Kabat. In one erabodiment, the [gG1 comprises the amino acid
3¢ sobstitutions F243L, R292P, and Y300L wherein the amino acid wesidoes are oumbered according to the
EU index as in Kabat. In one embediment, the lgG1 comprises the amino acid substitutions F2431L, R292P,
Y300L, and P396L wherein the amino acid residucs are numbered according to the EU index as in Kabat.
in one embodiment, the IgGl comprises the amino acid substitutions F243L, R292P, Y300L, V3051, and
P396L, wherein the amino acid residues are numbered according o the EU index as m Kabat. In one
35 embodiment, the IgGl comprises the amino acid substitutions G236A, S239D, and 1332E wherein the
amino acid restdues are numbered according o the EU 1ndex as in Kabat. Ia one embodiment, the IgGl
comprises the amino acid substitutions K326A and E333A wherein the amine acid residues are nurabered

accordiog to the EU index as in Kabat. Tn one erabodiment, the IgG1 comprises the amino acid substitutions
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326W and E3338 wherein the amioo acid residues are numbered according to the EU index ag in Kabat.
in one cmbodiment, the IgGl comprises the amino acid substitutions K290E, S298G, T299A, with or
without K326F wherein the amino acid residues are numbered according to the EU index as in Kabat. In
one embodiment, the IgG1 comprises the amino acid substitutions K290N, 82986, T299A, with or without
K326E wherein the amino actd residucs are numbered according to the EU index as in Kabat. In ome
embodiment, the 1gG1 comprises the amino acid substitution K334V wherein the amino acid residues are
numbered according to the EU index as in Kabat. In one embodiment, the 1gG1 comprises the amino acid
substitutions L2358, 52390, and K334V wherein the amino acid residucs are numbered according to the
EU index as in Kabat. In one embodiment, the 1gG1 comprises the amine acid substitutions K334V and
Q331M, 82390, F243V, E2941., or S298T wherein the amino acid residues are numbered according to the
EU index asin Kabat, Inone embodiment, the IgG 1 comprises the amine acid substitutions E233L, Q311M,
and K334V wherein the amino acid residues are numbered according to the EU index as in Kabat. Inone
embodiment, the IgG1 comprises the amioo acid substitutions L2341, Q311M, and K334V wherein the
amino acid residues are numbered according 1o the EU mndex as in Kabat. 1a one embodiment, the IgGl
comprises the amino acid substitutions K334V and S298F. A530M, or A330F wherein the amino acid
residues are numbered according to the EU index as in Kabat. 1n one cibodiment. the IgG1 comprises the
amino acid substitutions K334V, Q311M, and either A330M or A330F wherein the amino acid residues
are numbered according to the BU index as in Kabat. In one embodiment, the 1gGl comprises the amino
acid substitutions K334V, S2987T, and ecither A330M or A330F wherein the amino acid residues are
munbered according o the BEU index as in Kabat. In ove embodivent, the 1gG1 comprises the amino acid
substitutions K334V, $239D, and cither A330M or 52987 wherein the amino acid residucs are numbered
according to the EU index as in Kabat. Inone embodiment, the 1gG1 coraprises the amino acid substitutions
L234Y, Y296 W, and K290Y, F243V, or E294L wherein the amino acid residues are nunmbered according
to the EU index as in Kabat, Inone crabodiment, the 1831 comprises the amino acid substitutions Y296W
and cither L234Y or K290Y wherein the amino acid residues are sunbered according to the EU index as
in Kabat Inone cmbodiment, the {g(G1 comprises the amino acid substitutions $S239D, A3305, and [332E

wherein the amino acid residues are numbered according to the EU index as in Kabat.

In some embodiments, the IgG1 comprises one or mote amino acid substitutions that decrease or infubit
effector functior. In one embodiment, the 1gG1 comprises the amino acid substitution N297A, N297C, or
N297Q wherein the amino acid residues are numbered according to the EU index as in Kabat. In one
embodiment, the IgG1 comprises the amine acid substitution L234A or L2335A wherein the anune acid
residues are numbored according o the EU mndex as in Kabat. In one embodiment, the 1gG1 comprises the
antino acid substitutions C2208, C2268, C2295, and P2388 wherein the amino acid residues are numbered
according to the ElJ index as in Kabat. In one embodiment, the IgG1 conprises the amino acid substitutions
C2268, C2298, E233P, L234V, and L2354 wherein the amioo acid residucs are nurobered according to
the EU index as in Kabat. In one embodiment, the IgG1 comprises the amino acid substitutions L234F,

L235E, and P331S wherein the amino acid residues are numbered according to the EU index as in Kabat.
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in one embodiment, the {gG1 comprises the amino acid sabstitutions S267E and L328F wheretn the amino

acid residoes are wambered according to the EU index as in Kabat.

In accordance with this description and the teachings of the amt, it is confemplated that in some
embodiments, an antibody or fragment thereof of the masked cytokine may comprise onc or more
alterations as compared o the wild type counterpart antibody, e.g. in the Fc¢ region. For example, it is
thought that certain alterations can be made in the Fc region that would result in altered (i.e, either improved
or diminished) Clq binding and/or Complement Dependent Cytotoxicity (CDC), ¢.g., as described in
W{099/51642. Sec also Duncan & Winter Nature 322:738-40 (1988); 1.8, Pat. No. 5,648,260, 1.5, Pat.
No. 5.624,821; and W(94/29351 concerning other examples of Fo region variants. WQU00/42072 (Presta)
and WO 2004/056312 (Lowraan) describe aptibody variants with ioproved or direinished binding to FcRs,
The content of these patent publications are specificatly incoporated herein by reference. See also Shields
et al. | Biol Chem. 9(2): 65916604 (2001). Antibodics with increased half-lives and improved binding
to the neonatal Fe receptor (FeRu), which is responsible for the transfer of maternal 19Gs to the fetus (Guyer
et al, J. lmunenol 117:887 (1976) and Kim et al, J Dmmunol 24:249 (1994)), are described in
US2005/0014934A1 (Hinton et al.). These antibodics comprise an Fe region with one or more substitutions
therein which improve binding of the Fe region to FcRn. Polypeptide variants with altered F¢ region amino
acid sequences and increased or decreased Clg binding capability are described in U.S. Pat. No.
6,194 55181, W(99/51642. The contents of those patent publications are specifically incorporated herein

by reference. See, aiso, [dusogie et al. J. Immunol. 164: 4178-4184 (2000).

4.2 Masked IL-12 Cytokine-Brug Conjugates

The invention also provides masked IL-12 cytokine-drug conjugates (MCDCs) comprising a masked IL-
12 cvitokine provided herein, which can be any [L-12 masked cytokine disclosed herein, conjugated to one
or more agents. In sone cmbodiments, the one or more agents is a cytotoxic agent, such as a
chemotherapentic agent or drug, growth inhibitory agent, foxin {¢.g., profein foxin, enzymatically active

toxin of bacterial, fungal, plant, or animal oxigin, or fragoents thereof), or radicactive 1sotopes. In some

enebodiments, the one o mors agents is an vweune stunulant,

In some crabodiments, the one or more dmgs conjugated to the masked L.-12 cvtokine includes, but is not
fimited to, a maytansinoid (see U.S. Patent Nos. 5,208,020, 5,416,064 and Evropean Patent EP 0 425 233
By, an annstatin such as monomethylaunstatin drog moietics DE and DF (MMAE and MMAF) (see U .S,
Patent Nos. 5,635,483 and 5,780,588, and 7 498,298); 4 dolastatin; a calichcamicin or derivative thereof
(see¢ U.S. Patent Nos. 5,712,374, 5,714,586, 3,739,116, 3,767,285, 5,770,701, 5,770,710, 5,773,001, and
5.877.296; Hinman et alk, Cancer Res. 33:3336~3342 (1993); and Lode et ak, Cancer Res. 58:2925-2928
(1998}); an anthracycline such as daunoniycin or doxorubicin (see Kratz et ak, Carrent Med. Chem. 13:477-

523 {2006); Jeffrey et ak, Bioorganic & Med. Chem. Letters 16:358-362 (2006); Torgov et ak, Bioconj.
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Chern, £6:717-721 (2003}, Nagy et ak, Proc. Natl. Acad. Sci. USA 97:829-834 (2000); Debowchnk et ak,
Bioorg. & Med. Chem. Letters 12:1529-1532 (2002); King et ak, J. Med. Chem. 45:4336-4345 (2002); and
U.S. Patert No. 6,630,579), methotrexate; vindesine: a taxane such as docetaxel, pachitaxel, larotaxel,

/s

tesetaxel, and ortataxel; a trichothecene; and CC1065.

in another embodiment, the one or more drugs conjugated to the masked IL-12 cytokine includes, but is
not limited to, an inhibitor of tibulin polymerization (¢.g., mayvtansincids and auristating, DNA damaging
agents  {(c.z., pyrolobenzodiazepine (PBD)  dimers, calicheamicins, duocarmycins and  indo-

linobenzodiazepine dimers), and DNA synthesis infubifors {e.g., oxatecan dertvative Dxd).

in another embodiment, a masked IL-12 cytokine-drug conjugate comprises a masked 1L-12 cytokine as
described herein conjugated to an enzymatically active toxin or fragment thereof, including, but not Hiaited
to, diphtheria A chain, nosbinding active fragments of dipbtheria toxia, exoioxin A chain (from
Pseudomonas acraginosa), ricin A chain, aboa A chain, medeccin A chain, alpha-sarcin, Alearites fordii
proteins, dianthin proteins, Phytolaca americana proteins (PAPL PAPIL and PAP-S), momordica charantia
inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin,

enomycin, and the tricothecenes.

In another embodiment, a masked 1L-12 cyiokine~drug conjugate comprises a masked [L-12 cviokine as
described herein conjugaied fo a radioactive atom to form a radioconjugate. A variety of radioactive
isotopes are available for the production of mdioconjugaies. Examples tnclude A©211,1131,1125, Y90,
Rel86, Rel®8, SmisS3, Bi212, P32, Pb212 and radicactive isotopes of Lu. When the radioconjugaie is used
for detection, it nyay comprise a radicactive atom for scintigraphic studies, for example ¢9%mor 1123, or
a spin label for nuclear magunetic resonance (NMR) imaging (also known as magnetic resonance imaging,
o), such as iodine-123 again, todine-131, ndm-111, fivcrine-19, carbon-13, nitrogen-15, oxygen-17,

gadoliniom, mangancse oY {Tomn.

in some embodiments, 3 masked [L-12 cytokine-drug conjugate comprises a masked IL-12 cytokine as

described herein conjugated to onc or more immmpne stimulanis. In some embodiments, the immune

The STING agonist can be any agonist of STING. In some crubodiments, the STING agonist is a cyclic
dinucieotide (CDN). The CDN can be any CDN or derivative or variant thereof. fn some embodiments, the
STING agonist is a CBN selected from the group consisting of ¢GAMP, ¢-di- AMP, ¢-di-GMP, cAIMP,
and ¢~di-IMP. In some embodiments, the STING agonist is a derivative or vanant of a CDN selected from
the group consisting of cGAMP, ¢c-d-AMP, ¢-di-GMP, cATMP, and ¢-di- IMP. In some embodiments, the
STING  agoumist  is  4-(2-chloro-6-fluorsbenzy i-N-(furan-2-vhmethyl)-3-  oxo-3,4-dihydro-2H-

benwofb}il 4]thiazine-G-carboxamide, or a derivative or vadant thereof. See, ¢.g., Salt et al. (2015) PloS
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Pathog., 11(12): e!005324.

The TLR agonist can be an agonist of any TLR. such as TLRY, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7,
TLRE, TLRY, or TLR10. In some embodiments, the TLR agonist is an agonist of a TLH expressed on the
cell surface, such as TLR1, TLRZ, TLR4, or TLRS. In sonwe embodiments, the TLR agonist is an agonist
of a TLR expressed intraceliularly, such as TLR3, TLR7, TLRE, TLRY, or TLRIC.

Conjugates of a masked 1L-12 cytokine and a cytotoxic agent may be made using a variety of bifunctiosal
protein coupling agents such as N-succinimidy I-3-(2-pynidyidithio) propionate (SPDP), succinivudyi-4-
(N-malcimidomethyl) cyclohexane-1-~catboxylate (SMCC), iminothiclanc (IT), bifunctional dexivatives of
imidoesters (such as dimethyl adipimidate HC1), active esters (such as disuccinimidyl suberatc), aldebydes
(such as glutaraldehyde), bis-azido compounds (such as bis {p- azidobeszoyl) hexanediamine), bis-
diazonium derivatives {such as bis~(p-diazoniwsbenzoyl)- ethylencdiaming), disccyanates {such as
toluene 2.6-diisocyanate}, and bis-active fluorine corpounds (such as 1. 5-diflanro-2.4-dinitrobenzene). For
example, a ricin immunotoxin can be prepared as described in Vitetta et ah, Science 238:1098 (1987},
Carbon-14-labeled L-isothiocyanatobenzy1-3- nxthyldiethykne triaminepentaacetic acid (MX-D¥TPA) is an
exemplary chelating agent for conjugation of radionucieotide to an antibody. See W094/11026. The linker
may be a “cleavable Hnker” facilitating release of a cytotoxic drug in the cell. For example, an acid-labile
tinker, peptidasc-sensitive linker, photolabile linker, dimethyl linker or disutfide-containing finker (Chari
et ah, Cancer Res. 52:127-131 (1992); UK. Patent No. 5,208,020) may be used.

The MCD(Cs herein expressly conteraplate, but are not limited to such conjugates prepared with cross-
tinker reagents including, but not limited to, BMPS, EMCS, GMBS, HBVS, L.C-SMCC,

MBS, MPBH, SBAP, 5IA, S3IAR, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-KMUS, sulfo-
MBS, sulfo-SIAR, sulfo-SMCC, and sulfo-SMPB, and SV3B (succinimidyl-(4- vinylsulfongjbenzoaic)
which arc commercially available (e.g., from Pierce Biotechnology. Inc, Rockford, 11, U5 A).

4.3 Vectors, Host Cells, and Recombinant Methods

For recombinant production of a B.-12 masked cyiokine of the invention, the one or more nucieic acids
encoding i is isolated and inseried into a replicable vector for further cloning (amplification of the

DNA) or for expression. DNA encoding the masked IL-12 cytokine, including components thereof, is
readily 1solated and sequenced using conventional procedures. Many vectors are available. The choice of
rector depends 1n part on the host cell to be used. Generally, host cells are of either prokaryotic or eukarvotic
(generally mammaliany origin. It will be appreciated that constant regions of any isotype of antibody or
fragment thereof, when applicable, can be used for this purpose, including 1gG, IgM, IgA, IgD, and {gE
constant regions, and that such constant regions can be obtained from any human or animal species. In

some embodiments, one vector s used to encode the 1L-12 masked cytokine. In some embodiments, more
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than one vector 1 used {0 encode the masked [L-12 cytokine.

i, Generating Blasked 11~12 Cytokines Using Prokaryotic Host Cells

a Fector Constraction

[

Poly nucleotide sequences encoding polypeptide components of the masked cytokines of the invention can
be obiained using standard recombinant techniques. Destred polynucieotide sequences of an antibody or
antibody fragment thercof may be isolated and scquenced from antibody producing cells such as hybridoma
cells. Alternatively, polynucleotides can be synthesized using micleotide synthesizer or PGR technigues,
or obtained from other sources. Once obtained, sequences encoding the components of the masked cyioldne
16 are inserted into a recombinant vector capable of replicating and expressing heterologous polynucleotides
in prokarvoetic hosts. Many vectors that are available and known in the art can be used for the purpose of
the present nvention. Selection of an appropriate vector will depend mairdy on the size of the nucleic acids
to be inserted into the vector and the particular host cell o be transformed with the vector. Each vector

contains various components, depending on its function {amplification or expression of heterologous

oy
wn

polynucleatide, or both) and is compatbdity with the particular host cell in which ¢t resides. The vector
companents generally include, but are not limited to: an origin of replication, a selection marker gene, a
promoter, a ribosome binding stte (RBS), a sigoal sequence, the beterologous mucleic acid issert and a

transcription terminator sequence.

2¢  In general, plasmud vectors containing replicon and control sequences which are derived from species
compatible with the host cell are vsed in connection with these hosts. The vector ordinanly caries a
replication site, as well as marking sequences which are capable of providing phenotypic selection i
transformed cells. For example, E. coli is typically transformed using pBR322, a plasmid derived from an
E. coli specics. pBR322 contains genes-encoding ampicillin (Amp) and tetracycline (Tet) resistance and
25 thus provides casy means for identifying transformed cells. pBR322, its derivahves, or other microbial
plasmids or bacteriophage may also contain, or be modified to contain, promoters which can be used by
the microbial organism for expression of endogenous proteins. Examples of pBR322 derivatives used for

expression of patticular antibodies are described in detail in Cater et ab, U.S. Pat. No. 5,648,237,

3¢ In addition, phage vectors containing replicon and control sequences that are compatible with the host
microorganisim can be used as wansforming vectors i connection with these hosts. For example,
bacteriophage such as 7GEM.TM.-11 may be utilized in making a recombinant vector which can be used

to transform susceptible host cells sach as E. coli LE392.

35 The expression vector of the invention may comprise two or more promoter-cistron pairs, encoding each
of the polypeptide components. A promoter is an uniranslated regulatory sequence focated upstrear (5% to

a cistron that modulates s expression. Prokaryotic promweters fypically fall inte two classes, inducible and
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constitutive. lndecible promoter is a promoter that initiates increased levels of transcription of the cistron
under its control in response o changes in the culture condition, e.g. the presence or absence of a notrient

or a change in temperatate,

A large number of promoters recognized by a variety of potential host cells are well known. The selected
promoter can be operably linked (o cistron DNA encoding either chain of the masked cytokine by removing
the promoter from the source DNA via restriction enzyme digestion and inserting the isolated promoter
sequence into the vector of the invention Both the native promoter sequence and many heterologous
promoters may be used fo direct ampiification and/or expression of the target genes.

in some embodiments, heterologons promoters are utilized, as they generally permit greater transcription

and higher yickds of expressed target gene as compared to the native target polypeptide promoter.

Promoters sottable for use with prokaryotic hosts include the PhoA promoter, the [3- galactamase and
factose proraoter systems, a tryptophan (trp) promoter syster and bybad promoters such as the tac or the
tre promoter. However, other promoters that axe functional in bacteria (such as other known bacterial or
phage promoters) are suitable as well. Their nucleotide sequences have been published, thereby enabling a
skitied worker operably fo ligate them to cistrons encoding, for example, the target light and heavy chains
for masked cytokines comprising a light and heavy chain (Sicbenlist et al. (1980) Cell 20: 269) using linkers

or adaptors 1o supply any required restriction sifes.

i one aspect of the invention, cach cistron within the recombinant vector comprises a secretion signal
sequence component that directs fransfocation of the expressed polypeptides across a membrane. In general,
the signal sequence may be a component of the vector, or it may be a part of the target polypeptide DNA
that is nserted into the vector. The signal sequence selected for the purpose of this invention should be one
that is recognized and processed (1.e. cleaved by a signal peptidase)} by the host cell. For prokaryotic bost
cells that do not recognize and process the sigaal sequences native to the heterologous polypeptides, the
signal sequence is substituted by a prokaryotic signal sequence selected, for example, from the group
consisting of the alkaline phosphatase, penicitlinase, Ipp, or heat-stable enterotoxin {1 (STI) leaders, LamB,
PhoE, PelB, OmpA and MBP. In one embodiment of the invention, the signal sequences used in both

cistrons of the expression system are STII signal sequences or variants thereof.

in another aspect, the production of the polypeptide components according {o the invention can occur in
the cytoplasm of the host cell, and therefore does not require the presence of secretion signal sequences
within each cistron. In that regard, for embodiments comprising immunoglobulin light and heavy chaing,
for example, the light and heavy chains are expressed with or without the sequences for the masking moicty,
tinker sequence, ctc., folded and assembled o form functional immunoglobulins within the cytoplasm.
Certain bost strains (e.g. the E. coli trxB-strains) provide cytoplasm conditions that are favorable for

disuifide bond formation, thereby permitting proper folding and assembly of expressed protein subumnits,
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Proba and Pluckthun Gene, 159:203 {1995).

Masked cytokines of the invention can alse be produced by using an expression system in which the
quantitative ratio of expressed polypeptide components can be modulated in order to maximize the yield of
secreted and properly assembled antibodies of the invention. Such modulation is accomplished at least in

part by simmitancously modulating translational strengths for the polypeptide components.

Prokaryotic host cells suitable for expressing masked cyiokines of the invention include Archaebacteria
and Bubacieria, such as Gran-negative or Grame-posifive organisms. Examples of useful bacteria include
Escherichia (e.g., E. coli), Bacilli (c.gz., B. subtilis), Entcrobacteria, Pseudomonas species (e.g., P.
acruginosa), Salmonella typhimurium, Scrratia marcescans, Klebsiclla, Protens, Shigella, Rhizobia,
Vitreoscilla, or Paracoccus. In one embodiment, gram-negative cells are used. In one eobodiment, E. coli
cells are used as hosts for the inveniion. Examples of E. colt strains include strain W3110 (Bachmann,
Cellotar and Molecudar Biology., vol. 2 {Washingtor, D.C.: American Society for Microbiology, 1987), pp.
1190-1219; ATCC Dieposit No. 27,323) and denvatives thereof, including strain 33D3 having genotype
W3110 AfbuA (AtonA) pte3 lac Ig lacLy AompTA(unpe-fepE) degP41 kanR (U.S. Pat. No. 3,639,635},
Other strains and derivatives thereof, such as E. colt 294 (ATCC 31.446), E. coli B, E. colik 1776 (ATCC
31,337 and E. coli RV3OB(ATCC 31,608) are also suitable. These examples are illustrative rather than
Hnting. Methods for constructing derivatives of any of the above-mentioned bacteria having defined
genotypes are known in the art and described in, for example, Bass et ab, Proteins, 8:309-314 (1990). It is
gencrally necessary to select the appropriate bacteria taking into consideration replicability of the replicon
in the cells of a bacterium. For example, E. coli, Serratia, or Salmonella species can be suitably used as the
host when well-known plasmids such as pBR322, pBR325, pACYC177, or pKIN410 are used to supply the
replicon. Tvpically, the host ccll should secrete minimal amounts of proteolytic enzymes, and additional

protease inhibitors may desteably be incorporated in the cell culiure.

&

b. Masked Cytokine Production

Host cells are transformed with the above-described expression vectors and cultured in conventional
nutrient media modified as appropriate for inducing promoters, sclecting transformants, or aniplifving the

eenes encoding the desired sequences.

Transformation means introducing DNA into the prokaryotic host so that the DNA is replicable, either as
an extrachromosomal element or by chromosomal istegrant. Depending on the bost cell used,
transformation is done using standard techoiques appropriate (0 such cells, The calcium treatment
emploving caleinm chloride is generally used for bacterial cells that contain sobstantial cell- wall barriers.
Another method for transformation employs polyethylene glycol/DMSO. Yet another techuique vsed 1s

electroporation.
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Prokaryotic cells used to produce the masked cytokines of the invention are grown in media koown in the
art and suitable for culture of the selected host cells. Examples of suitable media include luria broth (LB)
plus necessary nutnient supplements. In some embodiments, the media also contains a selection agent,
chosen based on the constmuction of the expression vector, to selectively permit growth of prokaryotic cells
containing the expression vector. For example, ampiciliin is added to modia for growth of cells expressing

ampicillin resistant gene.

Any necessary supplements besides carbon, vitrogen, and inorganic phosphate sources may also be
included at appropriate concentrations introduced alone o1 as a mixture with another supplement or medium
such as a complex nitrogen source. Optionally, the culture medium may contain one or more reducing
agents sclected from the group consisting of ghutathione, cysteine, cystamine, thioglycollate,

ditbioerythritol and dithiothreiicl.

The prokaryotic host cells are cultored at suitable temperatures. In certain embodiments, for E. coli growth,
growth teraperatures range from about 20° C. to about 39° C; from abowt 25° C. o about 37° C.. or about
30° C. The pH of the medium may be any pH ranging from about 5 to about 9, depending mainly on the

host orgaunism. [n certain embodiments, for E. coli, the pH is from about 6.8 to about 7.4, or about 7.0.

If an inducible promoter is used in the expression vector of the invention, protein expression is induced
vrder conditions suitable for the activation of the promwoter. Inoge aspect of the invention, PhoA promoters
are nsed for controlling transcription of the polypeptides. Accordingly, the transformed host cells are
cultured in a phosphate-limiting mediunm for induction. In certain embodiments, the phosphate-limiting
medium is the CRIA P, medium (sec, ¢.g., Siumons ¢t ah, J. mrauncl. Methods (2002), 263:133-147). A

variety of other inducers may be used, according to the vector construct employed, as is koowa in the ait.

In one cmbodiment, the expressed masked cytokines of the present invention are secreted into and
recovered from the periplasm of the host cells. Protein recovery typically involves disrupting the
microorganism, generally by such means as osmotic shock, somication or lysis. Once cells are disrupted,
cell debris or whole cells may be removed by centrifugation or filtration. The proteins may be further
purified, for example, by affinity resin chromatography . Alternatively, proteins can be transporied into the
culture media and isolated therein. Cells may be removed horn the culture and the culture supernatant being
filtered and concentrated for further purification of the proteins produced. The expressed polypeptides can
be further isolated and identified using commonly known methods such as polyactylamide gel

clectrophoresis (PAGE) and Westem blot assay.

in one aspect of the invention, masked cytokine production is conducted in large quantity by a fermentation

precess. Vasous large-scale fed-batch fermentation procedures are available for production of recombinant
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proteins, Large-scale fermentations have at least 1000 liters of capacity, and in cerfain exnbodiments, abowut
1,000 to 100,000 liters of capacity. These fermenters use agilator impellers to distribute oxyvgen and
mtrients, espectally ghicose. Small scale fermentation refers generally to fermentation in a formentor that
is no more than approximately 100 kiters in volumetric capacity, and ¢an range hom about 1 liter to about

100 hters.

in a fermentation process, induction of protein expression is typically indtiated after the cells have been
grown under suitable conditions fo a desired density, e.g., an ODS550 of about 180-220, at which stage the
cells are in the cady stationarv phase. A variety of inducers may be used, according fo the vector construct
employed. as is known in the art and described above. Cells may be grown for shorter periods prior to
induction. Cells are usually induced for about 12-50 hours, although loager or shorter induction time may

be used.

To improve the production yield and quality of the polypeptides of the invention, various fermeniation
conditions can be modified. For example. to improve the proper assembly and folding of, for example,
secrcted antibody polypeptides, additional vectors overexpressing chaperone proteins, such as Dsb proteing
(DsbA, DsbB, DsbC, DsbD and or DsbG) or FkpA (a peptidyviprolyl ¢is,trans-isomerase with chaperone
activity) can be used to co-transform the host prokaryotic cells. The chaperone proleins have been
demonsirated {o facilitate the proper folding and solubility of heterologous proteins produced in bacterial
host cells. Chen et al. (1999) 1. Biol. Chem. 274:19601-19605; Georgiou ot ak, U.S. Pat. No. 6,083,715;
Georgiou et ak, 1.8, Pat. No. 6,027,88%; Bothmana and Pluckthun (2000) J. Biol. Chem. 275:17100-17105;
Ramnt and Pluckthun (2000} . Biol. Chem. 275:17106-17113; Arie et ak (2001) Mol Microbiol. 39:199-
210

To minioize proteolysis of expressed beterologous proteins {especially those that are proteclytically
sensitive), certain host strains deficient for proteclytic enzymes can be used for the present invention. For
example, bhost cell siming may be modified to effect genetic mutation(s) in the genes encoding known
bacterial proteases such as Protease [, GmpT, DegP, Tsp, Protease 1. Protease Mi, Protease V, Protease
VI and combinations thereof. Some E. coli protease-deficient straius are available and descrbed in, for
example, Joly et ak (1998), supra; Georgiou et ak, U.S. Pat. No.

5.264.363; Georgiouet ak, U.S. Pat. No. 5,508,192; Kara et ak, Microbial Drug Resistance, 2:63-72 (1996).

in some embodiments, E. coli sirains deficient for proteclytic enzymes and transformed with plasmmds
overexpressing one or more chaperone proteins are used as host cells in the expression svstem of the

invention.

c. Masked Cytokine Purification
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in sorme embodiments, the masked cytokine produced herein is further purified to obtain preparations that
are substantially homogeneous for further assays and uses. Standard protein purification methods known
in the art can be emploved. The following procedures are exemplary of suitable purification procedures:
fractionation on immuncaffinity or ion-exchange columms, ethanol precipitation, reverse phase HPLC,
chromatography on silica or on a cation-exchange resin such as DEAE, clromatofocusimg, SDS-PAGE,

ammontam sulfate precipitation, and gel filiration using, for example, Sephadex G-75.

In some embodiments, Protein A immobilized on a solid phase is used for immupoaffintly purification of
the masked cytokines of the twention. Protein A is a 41 kD cell wall protein from Saphylococcus aurcas
which binds with a high affinity to the Fc region of antibodics. Lindmark et al (1983) J. Immunol. Meth
62:1-13. The solid phase to which Protein A is imoobilized can be a column cormprising a glass or silica
surface, or a controlled pore glass column or a silicic acid coluow. In some applications, the cokumn is

coated with a reagent, such as glycewl, o possibly prevent nonspecific adherence of contarinants,

As the first step of purification, a preparationderived from the cell culture as described above canbe applied
onto a Protein A immobilized solid phase to allow specific binding of the masked cytokine of interest to
Protein A. The solid phase would then be washed (0 remove contaminants non- specifically bound to the
solid phase. Finally, the masked cytokine of interest is recovered from the solid phase by ehition.

Other methods of purification that provide for high affinity binding to a component of the masked cytokine

can be emploved in accordance with standard protein purification methods known in the ari.

2. Generating Masked Cytokines Using Eukaryotic Heost Cells

A vector for use in a cukaryotic host cell gencrally inchudes one ot maore of the following non-limiting
companents: a signal sequence, an origin of replication, one or more marker genes, an enbancer eleruent, a

promoter, and a hanscription termination sequence.

a. Signal Sequence Component

A vector for use in a eukaryotic bost cell nxay also contain a signal sequence or other polypeptide having a
specific cleavage sile at the N-terminus of the matuee profein or polypeptide of interest. The heterologous
signal sequence selected raay be one that 1s recognized and processed (Le., cleaved by a signal peplidase}
by the host cell. In mammalian cell expression, mammalian signal sequences as well as viral seeretory

lcaders, for example, the herpes simplex g signal, are available.

The DNA for such a precursor region is ligated in reading frame to DNA encoding the masked cytokine.

B. Origin of Replication
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Generally, an origin of replication component is not needed for manunalian expression vectors. For

example, the SV40 ongin may typically be used only because it contains the early promoter.

-

c. Selection Gene Component

Expression and cloning vectors may contain a selection gene, also tenmed a selectable marker. Typical

[

selection genes encode proteins that (a) confer resistance to antibiotics or other toxins, ¢.g., ampicillin,
neomycin, methotrexate, or tetracyeline, (b) complement auxotrophic deficiencies, where relevant, of (¢}

supply critical nutrients not avatlable from complex media.

One example of a selection scheme utilizes a drug to amest growth of a host cell. Those cells that are
16 successfully transformed with a heterologous gene produce a protein conferning drug resistance and thus
survive the selection regimen. Examples of such dominant selection use the drugs neomycin, my cophenolic

acid and by gromycin.

Another example of suitable selectable markers for mammalian cells are those that enable the identification

oy
wn

of cells comapetent to take up the masked cytokine encoding nucleic acid, such as DHFR, thymidive kinase,
metaliothiosein-1 and -1I, primate metallothionein geoes, adencsine deaminase, ornithine decatboxylase,

etc.

For example, in some embodiments, cells transformed with the DHFR selection gene are first identified by

20 culturing all of the transformants in a culture medium that contains mcthotrexate (Mtx), a competitive
antagonist of DHFR. In some embodiments, an appropriate host cell when wild-type DHFR is employed is
the Chinese hamster ovary (CHO) celf Hine deficient in DHFR activity (e.g.. ATCC CRL- 9096).

Alternatively, bost cells (particularly wild-type hosts that contain endogenons DHFR) transformed or co-
25 transformed with DNA sequences encoding a masked cyvtokine, wild-type DHFR protein, and another

selectable marker such as aminoglveoside 3'-phosphotransferase (APH) can be selected by cell growth in

medinm containing a selection agent for the selectable marker such as an aminoglycosidic antibiotic, c.g.,

kanaraycin, neonwein, or G418, See U.S. Pat. No. 4,965,199, Host cells mav include NSO, including cell

tines deficient in glutarnine synthetase (GS). Methods for the use of GS as a selectable marker for
3¢ maounalian cells are described 1o U.S. Pat. No. 5,122,464 and U.S. Pat. No. 5,891,693,

d. Promoter Component

Expression and cloning vectors usually contain a promoter that is recognized by the host organism and is
operably linked o nucleic acid encoding a masked cyiokine of interest, which can be any masked cytokine
35 described herein. Promoter sequences are known for ecukaryotes. For example, virtually all eukaryotic genes

have an AT-rich regiosn located approximately 23 to 30 bases upstream from the site where transcription is
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initiated. Another sequence found 70 to 80 bases upstream from the start of transcription of many genes is
a CNCAAT region where N may be any oucleotide. At the 3' end of most eukaryotic genes is an AATAAA
sequence thal may be the signal for addition of the poly A tail to the 3' end of the coding sequence. In

certain embodiments, any or all of these sequences may be suitably inseried into eukaryotic expression

n

veClors.

Transcritihon from vectors in mammalian host cells is controlled, for example, by promoters obtained from
the genomes of viruses such as polvoma virus, fowlpox virus, adenovirus (such as Adenovirus 2), bovine
papilfoma vims, avian sarcomma virus, cytomegalovims, a refrovirus, hepaltis-B virus and Stnian Virus 40
16 (8V40), from heterologous manwmnalian promoters, e.2., the actin promoter or an irmmunoglobulin promoter,

from heat-shock promoters, provided such prometers are compatible with the bost cell systeras.

The carly and late promoters of the SV40 virgs are conveniently obtained as an SV40 restrichon fragment
that also contains the SV490 viral origin of replication. The immediate cardy promoter of the hunan
3 cvitomegalovirus is conveniently obtained as a Hindlll E restrction fragment. A system for expressing DNA
in mammalian hosts using the bovine papillioma virus as a vector is disclosed in U.S. Pat. No. 4,419 446,
A modification of this system is described in U5, Pat. No. 4,601,978, See also Reves et ah, Nature 297:598-
601 (1982), describing expression of human [3-interferon cDNA in murine cells under the conirol of a
thymidine kinase promoter from herpes simplex virus, Allernatively, the Rous Sarcoma Virus long terminal

20 repeat can be used as the promoter,

e. FEnhancer Element Component

Transcription of DNA encoding a masked eytokine of this invenhon by higher eukaryotes is often increased

by imserting an eshancer sequence into the vector. Many enhancer sequences arc now known from

(=

mamnalian genes (globin, elastase, albumin, a-fetoprotein, and tasulin). Typically, bowever, one will ose
an enhancer from a eukarvotic cell virus, Examples include the SV40 enhancer on the late side of the
replication origin (bp 100-270), the human cytomegaloviras early promoter enhancer, the murine
cvtomegalovins carly promoter enhancer, the polyoma enhancer on the late side of the replicabon origin,
and adenovirus enhancers. See also Yaniv, Nature 297:17-18 (1982) (describing enhancer elements for
30 activation of eukaryotic promoters). The enhancer may be spliced into the vecior

at a position 5' or 3' to the masked cytokine-encoding scquence, but is generally located at a site 5' from

the promoier.

I Transcription Termination Component

Expression vectors used in eukarvotic host cells may also contain sequences pecessary for the termination

=

of transcription and for stabilizing the mRNA. Such sequences are coramanly available feom the 5° and,

oceasionally 3', untranslated regions of eukaryotic or viral DNAs or ¢cDNAs. These regions contain
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mucleotide segments Granscribed as polyadenylated fragments in the ontranslated portion of the mRNA
encoding a masked cytokine. One usefl transcription tenminahon component is the bovine growth bormone

polyadeny lation region. See W094/1 1026 and the expression vector disclosed therein,

« Selection and Transformation of Host Cefls

[

Suitable host cells for cloning or expressing the DNA in the vectors herein include higher eukaryote cells
described berein, including vertebrate host cells. Propagation of vericbrate cells in culture {(tissue culture}
has become a routine procedure. Examples of usefol mammalian bost cell lines are monkey kidney CV1
tine transformed by SV40 (COS-7, ATCC CRL 1631); haman embryonic kidney fine (293 or 293 celis
subcloned for growth in suspension culture, Graham ef ah, J. Gen Virol 36:59 (1977)); baby hamster kidney
16 cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/~-DHFR (CHO, Urlaub et ah, Proc. Natl. Acad.
Sci. USA 77:4216 (1980)); muring sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980)); monkey
kidney cells (CV1 ATCC CCL 70), African green monkey kidney cells (VERG-76, ATCC CRL-1587),
himan cervical carcinoma cells (HELA, ATCC CCL 2): canine kidney cells (MDCK, ATCC CCL 34);
buffalo rat liver cells (BEL 3A, ATCC CRL 1442); human ung cells (W138, ATCC CCL 75); human liver
cells (Hep G2, HB 80635); murine manumary termor (MMT 0603562, ATCC CCLA 1, TRI celis (Mather ¢t
ah, Anpals NUY. Acad. Sci. 383:44-68 {1982}));, MRC 5 cells; FS4 cells; and 2 human bepatoma tine (Hep
G2).

P,
n

Host cells are transformed with the above-described-expression or cloning vectors for masked cytokine
20 production and cultured in conventional nuttient media modified as appropriate for inducing promoters,

sclecting transformants, or amplifving the genes encoding the desired sequences.

k. Culturing Host Cells

The host cells used to produce masked cytoldnes of this invention may be cultured in a variety of media.
Conmnercially available media such as Haw's F10 (Sigma), Minimal Essential Mediom (MEM), Sigmay,
25 RPMI-1640 (Sigma), and Dulbecco’s Modified Eagle's Medium ((DMEM), Sigma) are suitable for
culturing the host cells. In addition, any of the media described in Ham et ah, Meth. Enz. 58:44 (19793,
Barnes et ah, Anal. Biochem. 102:255 (1980}, U.S. Pat. No. 4,767,704; 4,657 866,
4,921,162 4,560,655; or 5,122,469, WO 90/03430; WO 87/001935; or U.S. Pat. He. 30,985 may be used as
culture media for the host cells. Any of these media may be supplemented as necessary with hormones
36 and/or other growth factors (such as insulin, fransferrin, or epidermal growth factor), salis (such as sodinm
chloride, calcium, magnesium, and phosphate), buffers (such as HEPES), nucleotides (such as adenosine
and thymidine), antbiotics {such as GENTAMYCIN™ dmg), teace cloments (defined as inorganic
compaunds usnally present at final concentrations in the micromalar range), and ghicose or an equivalent
energy source. Any other supplemenis may alse be included at appropriate concentrations that would be

35 known to those skilled in the ant. The culture conditions, such as temperature, pH, and the Hke, are those
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previcusly used with the host cell selected for expression, and will be apparent o the ordinanly skilled

artisan,

i. Purification of Masked Cytokines

When using recorabinant technigues, the masked cytokines can be produced iniraceltulady, or divectly
secreted into the medium. I the masked cytokine is produced intraceltularly, as a first step, the particolate
debris, either host celis or lysed fragments, may be removed, for cxample, by centrifugation or
ultrafiltration. Where the masked cytokine is secreted into the mediurm, supermatants from soch expression
systems may be first concentrated nsing a commercially available protein concentration filter, for example.
an Amicon or Millipore Pellicon wlirafiliration unit. A protease inhibitor such as PMSF may be included in
any of the foregoing steps to inhibit proteolysis, and antibiotics may be included to prevent the growth of

adventitions comtaminants.

The masked cviokine composition prepared from the cells can be purified using, for exampie,
hydroxylapatitc chromatography, gel clectrophoresis, dialysis, and affinity chromatography, with affinity
chromatography being a convenient technique. The suitability of protein A as an affinity ligand depends on
the species and isotype of any tnmuncglobulin Fe domain, if any, that is present in the masked cytokine.
Protein A can be used to purtfy antibodies that are based on human IgGl, 1gG2, or IgG4 beavy chains
(Lindmark et ak, I Immunol. Methods 62:1-13 (1983)). Protein G is recommended for all murine isotypes
and for buman y3 (Guss et ak, EMBO J. S:313671573 (1986)). The matnix o which the affinity ligand is
attached may be agarose, but other matrices are available. Mechanically stable matrices such as controlled
pore glass or poly (styenedivinyhbenzene allow for faster flow rates and shorter processing times thancan
be achicved with agarose. Where the masked cytokine comprises a CH3 domain, the Bakerbond ABX'™

resin (J. T. Baker, Plallipsburg, N.1.) 15 nseful for purification.

Uther techniques for protein purification such as fractionahon on an ion-exchange column, cthanol
precipitation, Reverse Phase HPLC, chromatography on silica, chromatography oo heparin
SEPHAROSE™ chromatography on an anion or cation exchange resin (such as a polyaspartic acid
column), chromatofocusing, SDS-PAGE, and anuncnium sulfate precipitation are also available depernding

on the masked cytokine to be recovered.

Following any preliminary punfication step(s), the mixture comprising the masked cvitokine of interest and
contaminants may be subjected to farther purification, for example, by low pH hydrophobic interaction
chromatography using an clution buffer at a pH between about 2.5-4.5, performed at fow salt concentrations

(e.g., from about 0-0.25M salt).

In general, various methodologies for preparing masked cvtokines for use in research, testing, and clinical

use are well-established in the an, consistent with the above-described methodologies and/or as deened



16

oo
w

WO 2021/202678 PCT/US2021/025107

87

appropriate by onc skilled in the art for a particular masked cytokine of interest.

5. COMPOSITIONS

in some aspects, also provided hercin are compositions coraprising any of the [L-12 masked cyiokines
described herein. Tn seme enbodiments, the composition comprises any of the exemplary embodiments of
masked TL-12 cyickine described bherein In some embodiments, the composition comprises a dimer of any
of the masked [L-12 cytokines described berein, In some embodiments, the composition is a pharmaceatical
composition. In some embodiments, the composition comprises a masked IL-12 cylokine and further
comprises one or more of the cormponents as described in detail below. For example, tn some embodiments,
the composition comprises one or more pharmacentically acceptable carniers, excipients, stabilizers,
buffers, preservatives, tonicity agents, non-ionic surfactants or detergents, or other therapeutic agents or
active compounds, or combinations thereof. The various embodiments of the composition are sometimes

referred to herein as formmlations.

Therapeutic formulations arc prepared for storage by mixing the active ingredient having the desired degree
of purily with optional pharmaceutically accepiable carners, excipienis or stabilizers (Remington: The
Science and Practice of Pbammacy, 20th Ed, Lippincott Williarns & Wiklins, Pob., Gepnaro Td.,
Philadeiphia, Pa. 2000). Acceptable carriers, excipients, or stabilizers are sonioxic o recipients at the
dosages and concentrations employed, and ixlude buffers, antioxidanis including ascorbic acid,
methiopine, Vitamin E, sodium reetabisulfite; preservatives, isotomicifiers, stabilizers, metal complexes

8. Zn-protein ¢ xes); chelating agents such as EDT/ /6 -ionic surfactants.
e.g. Zn-protein complexes); chelating agents such as EDTA and/or non-ionic surfactanis

Buffers can be used to control the pH in a range which optimizes the therapeutic effectivencss, especially
if stability 1s pH dependent. Buffers can be present at concentrations sanging from about 30 mM to about
250 mM. Suitable buffering agents for use with the present invention include both organic and inorganic
acids and salts thereof, For example, citrate, phosphate, succinate, tartrate, fumarate, gluconate, oxalate,

lactate, acctate. Additionally, buffers niav be comprised of histidine and trimethylaniine salts such as Tris.

Preservatives can be added fo prevent microbial growth, and are typically present in a tange from about
0.2%-1.0% (wiv). Examples of suitable preservatives commonly used with therapeutics inciude
octadecyldimethylbenzy] ammoniwne chioride; hexamethonium chloride; beszatkoniwe halides (c.g.,
chloride, bromuide, iodide), benzethonium chloride; thimerosal, phenol, butyl or benzyl alcohol; alkyl
parabens such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol, 3-pentanol, m- ciesol, o-
cresol, p-cresol, methyvl p-bydroxybenzoate, propyl p-hydroxybenzoate, 2-phenoxyethanol, butyl p-
hydroxybenzoate, 2-phenyiethanol, ethanol, chiorobutanol, thiomerosal, bronopol, benzeic acid, imidurea,

chlorchexidine, sodium dehydroacetate, chlorocresol, ethyl pohydroxybenzoate, and chlorphenesine (3p-
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chiorphenoxypropane-l ,2- diot).

Tounicity agents, sometimes known as “stabilizers” can be present to adjust or maintain the tonicity of liguid
in a composition. When used with large, charged biomolecules such as proteins and antibodies, they are
often termned “stabilivers” because they can interact with the charged groups of the amino actd side chains,

thereby lessening the potential for inter and intra-molecular interactions.

Tonicity agents can be present in any amount between about 0.1%% to about 25% by weight or between
about 1 to about 5% by weight, taking into account the relative amounts of the other ingredients. In some
embodiments, tonicity agents include polyhvdric sugar alcohols, trihydric or higher sugar alcohols, such as

ghycenin, erythritol, arabitol, xylitol, sorbitol and maonnitol.

Additional excipients include agents which can serve as ene or more of the following: (1) bulking agests,
(2) solubility enhancers, (3} stabilizers and (4) and agents preventing denaturation or adherence to the
container wall. Such excipients inchude: polvhydric sugar alcchols (enumerated above):; amino acids such
as alanine, glyvcine, ghutamine, asparagine, histicine, arginine, lysine, ornithine, leucine, 2-phenylalanmne,
ghutamic acid, threonine, etc.; organic sugars or sugar alcohols such as sucrose, lactose, lactitol, trehalose,
stachvose, mannose, sorbose, xyvlose, ribose, nibitol, myoinisitose, myoeinisitol, galactose, galactitol,
glveerol, cyclitols (e.g., inositol), polvethylene glycol, sulfur containing reducing agents, such as urea,
ghutathione, thioctic acid, sodinm thioglycolate, thioglycerol, a-monothioglyceral and sodium thio salfate;
low mwolecular weight proteins such as human serum albwmin, bovine serum albumin, gelatin or other
inmunogiobuling; hydrophilic polymers such as polyvinyipymelidone, monosaccharides (e.g., xvlose,
mannose, fractose, glucose; disaccharides (e.g., 1actose, maltose, sucrose); trisaccharides such as raffinose;

and polysaccharides such as dextrin or dextran.

Mon-ionic surfactants or detergents {also knows as “wetting agents”) can be present to belp sohibilize the
therapeutic agent as well as to protect the therapeutic profcin against agitation-induced aggregation, which
also permits the formulation to be exposed to shear surface stress without causing denaturation of the active
therapeutic protein or antibody. Non-ionic surfactants are present in a range of about 0.05 mg/m! to about
1.0 mg/ml or about 0.07 mg/mi to about 0.2 mg/ml. In some embodiments. non-tomc surfactants are present
in a range of about 0.001% to about ¢.1% w/v or about 0.01% to about 0.1% w/v or about 0.01% to about

0.025% wiv.

Suitable non-tonic surfactants include polysorbates (20, 40, 60, 65, 80, etc.), polyoxamers (184, 188, etc ),
PLURONIC® polyols, TRITON®, polvoxycthylene sorbitan monocthers (TWEEN®-20, TWEEN®-80,
ete.y, lawomacrogol 400, polyvoxyl 40 stearate, polyoxyethylene hydrogenated castor o} 10, 50 and 60,
ghycem] monostearate, sucrose faity acid ester, methyl celluose and carboxymethyl cellulose. Aniogic

detergents that can be used include sodivm laurvl sulfate, dioctyle sodiwm sulfosuccinate and dioctyl
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sodivim sulfonate. Cationic detergents inclade benzalkontom chioride or benzethonivm chioride.

in order for the formmlations to be used for in vive admimstration, they must be sterile. The formolation

may be rendered sterile by filtration through sterile filtration membranes. The therapeutic compositions

n

herein generally are placed into a container having a sterile access port, for example, anintravenous solution

bag or vial having a stopper pierceable by a hypodermic injection needle.

The route of adnunistration is in accordance with konown and accepted methods, such as by single or
mudtipie bolus or infusion over a long period of time in a suitable manner, ¢.g., tnjection or infusion by
10 subcutancous, intravenous, intraperitoncal, intramuscular, indraarterial, intralesional or indraarticular routes,

topical administration, inbalation or by sustained release or extended-release means.

Any of the masked IL-12 cvtokises described herein can be used alose or in combination with other
therapeutic agents such is in the methods described herein. The term “in combination with™ encompasses
13 two or more therapeutic agents (e.g., a masked IL-12 cviokine and a therapeutic agent) that are included in
the same or separate formulations. In some embodiments, “in combination with” refers to “simmutancous”
adminmsiration, m wiich case admanistration of the masked IL-12 cytokine of the invention occurs
simultaneousty o the administiation of the one or more additional therapeutic agents (e.g., at the same time
or within one hour between administration €8) of the masked B.-12 cytokine and admimstration of the one
26 or more additional therapeutic agenis). In some embodiments, “in combination with” refers to sequential
adnunistration, in which case adminisiration of the masked IL-12 cytokine of the twention occurs pricr to
and/or following, administration of the one or more additional therapeutic agents (e.g., greater than one
hour between administration (s) of the masked I1.-12 cviokine and administration of the one or more
additional therapoutic agenis). Agenis contemplated bercininclude, but are not Himited to, a cytotoxic agent,
25 acytokine, an agent targeting an buroune checkpoint molecule, an agent targeting an immune stimulatory
molecude, a growth inhibitory agent, an immune stimulatory agent, an anti-inflammatory agent, or an anti-

cancer agent.

The formulation herein may also contain more than one active compound as necessary for the particular
3¢ indication being treated, preferably those with complementary activities that do not adversely affect each
other. Alternatively, or in addition, the composition may comprise a cytotoxic agent, cytokine, agent
targeting an immune checkpoint molecule or stimudatory molecule, growth inhibitory agent, an immune
stimpulatory agent, an anti-inflammatory agent, or an anti-cancer agent. Such molecules are suitably present

in combination in amounts that are effective for the purpose intended.

The formulation may be presemted in any suitable state, such as a liquid formulation, a solid state
(vophilized) formulation, or a frozen forsmliation. Approaches for preparing cach of these types of

formulations for therapeutic use are well known in the art.
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6. METHODS OF TREATMENT

Provided herein are methods for treating or preventing a diseasc in a subject comprising administedng to
the subject an effective amount of any masked 11.-12 cytokine described herein or compositions thereof. fn
some embodiments, methods are provided for treating or preventing a disease i a subject comprising
administering to the subject anv composition described herein. In some embediments, the subject (.2, a
buman patient) has been diagnosed with cancer or s at risk of developing such a disorder. In some
embodiments, methods are provided for treating or preventing disease in a subject comprising
administering to the subject an effective amount of any masked IL-12 cytokine described hersin or
compositions thercof, wherein the masked [L-12 cylokine is aclivated upon cleavage by an enzyme. In
some erbodiments, the masked IL-12 cyioking 1s activated at a tumor microenviromment. The masked L~
12 cytokine is therapeutically active after it has cleaved. Thus, in some embodiments, the active agent is

the cleavage product.

For the prevention or treatment of disease, the appropriate dosage of ar active agent will depend on the
type of disease to be treated, as defined herein, the severity and course of the disease, whether the agent is
admimistered for preventive or therapeutic purposes, previous therapy, the subject’s clindcal history and
response to the agent, and the discretion of the attending physician. The ageat is suitably admimstered to

the subject at obe time or over a series of treatments.

in some embodiments of the methods described herein, an interval between administrations of a masked
{L-12 cytokine described herein is about one week or longer. In some embodiments of the methods
desenbed herein, an interval between administrations of a masked 10-12 cytokine described herein is about
two days or longer. about thiee days or longer, about four days or longer, about five days or longer. or about
six days or longer. In some cmbodimenis of the methods described herein, an interval between
adminisirations of a masked 1L-12 cviokine described herein is about one week or longer, about two weeks
or fonger, about three weeks or longer, or about four weeks or longer. In some embodiments of the methods
described herein, an interval between administrations of a masked 1L-12 cytokine described herein is about
one month or longer, about two months or longer, or about three months or longer. As used herein, an
interval between administrations refers to the time period between one administration of the masked 1L-12
cytokine and the next administration of the masked IL-12 cytokine. As nsed herein, an interval of about
onc month includes four weeks, In some embodiments, the treatment includes multiple administrations of
the masked 1L-12 cyiokine, wherein the interval between administrations may vary. For example, in some
enmbodiments, the interval between the furst admimstration and the second administration 15 about one week,
and the intervals between the subsequent administrations are abowut two weeks. In some embodiments, the

interval between the first administration and the second admimstration is about two days, three days, four
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days, or five days, or six days, and the intervals between the subsequent adininistrations are about one week.

{n some embodiments, the masked [L-12 cyiokine is administered on multiple occasions over a period of
time. The dosage that is admimstered to the subject on multiple occasions carn, in some embodiments, be
the same dosage for each admpinistration, or, in some cmbodiments, the rasked cytokine can be
administered to the subject at two or more different dosages. For example, in some embodiments, a masked
IL-12 cytokine is initially administered at one dosage on one or more occasions and is later administered

at a sccond dosage on one or more occasions beginning at a later tirae point.

in some embodiments, a masked 1L-12 polypeptide described herein is administered at a flat dose. Insome
cmbodiments, a masked [E.-12 polvpeptide descubed bercin is admindsicred to a subject at a dosage from
about 25 mg to about 300 mg per dose. In some ewbodiments, the masked H.-12 polypeptide is
adrainistered to a subject at a dosage of about 25mg to about 50my, about 50mg ic about 75myg, about 75mg
to about 100mg. about I00mg to abowt 125mg, about 125mg to about 150myg, about 150mg to abouat 175mg,
about 173myg to about 200mg, about 200my to aboul 225mg, about 22 Sy to about 250mg, about 230mg
to about 275mg, about 275mg to about 300mg, about 300mg to about 325mg, about 325mg to about 350mg,
about 350mg fo about 375mg, about 375mg to about 400mg, about 400mg to about 425mg, about 425mi

to about 450mg, about 450mg, to about 475mg, or sbout 475mg to about 500mg per dose.

In some embodiments, a masked 1L~12 polypeptide described herein is administered to a subject at a dosage
based on the subject’s weight or body surface arca (BSA). Depending on the type and severty of the
disease, about 1 ug'ke to 15 mg/ke (e.g. 0.1 mg/ke-H0mg/ke) of masked 1L-12 polypeptide can be an initial
candidatc dosage for administration to the patient, whether, for cxample, by one or more separate
administrations, or by continuous infusion Ouoe typical daily dosage might range from about | ug/kg to
100 mg/kg or more, depending on the factors mentioned above, For repeated administrations over several
days or longer, depending on the condition, the treatment would generally be sustained until a desired
sappression of disease symploms occurs. One exemplary dosage of the masked HL-12 polypeptide would
be in the range from about 0.05 mg/kg to about 10 mg/kg. Thus, onc or more doses of about 0.5 mg/ke, 2.0
ing/kg, 4.0 mg/kg or 10 mg/kg (o7 any combigation thereof) may be administered to the patient. In some
embodiments, a masked 1L-12 polypeptide described herein is administered to a subject at a dosage from
about 0.1 mg/kg to about 10 mg/kg or about 1.0 mg/kg to about 10 mg/kg. In some embodiments, a masked
11.-12 polypeptide described herein is administered to a subject at a dosage of about any of 8.1 mg/kg, 0.5
mg/kg, 1.0 mg/kg, 1.5 mg/kg, 2.0 mg/ke, 2.3 mg'keg, 3.0 mg/kg 3.5 mg/ke, 4.0 mgike, 4.3 mgkg, 5.0
5

7
/

mg/kg, 5.5 mg/kg, 6.0 mg/kg, 6.5 mgkg, 7.0 mgkg, mg/’ke, 8.0 mgikg, 8.5 mgkg, 9.0 mgkg, 9.5
mg/kg, or 10.0 mg/'kg. In some embodiments, a masked IL-12 polypeptide described herein is administered
to a subject at a dosage of about or at least about 0.1 mg/kg, about o1 at least about 0.5 mg/ke, about or at
fcast about 1.0 mg/kg, about or at least about 1.5 mg/kg, about or at least about 2.0 mg/kg, about or at least

about 2.5 mg/kg, about or at least about 3.0 mp/kg, about or at least abowt 3.5 mg/kg, about or at least about
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4.0 mg/kg, about or at least about 4.5 mg/kg, about or at ieast about 5.0 mg/kg, about or at least about 3.5
mg/kg, about or at least about 6.0 mg/kg, about or at kast about 6.3 mg/kg, about or at least about 7.0
mg/kg, about or at least about 7.5 mg/kg, about or at kast about 8.0 mg/kg, about or at least about 8.5
mg/kg, about or at least about 9.0 mg/kg, about or at least about 9.5 mg/kg, about or at least about 10.0
mg/ke, about or at least about 15.0 mg/kg, about or at least about 20mg/kg, about or at least about 30mg/e,
about or at least about 40mg/kg, about or at least about S0meg/kg, about or at least about 60mg/kg, about or
at least about 70mg/kg. about or at least about 80mg/kg, about or at least about 90mg/kg,. or about or at

feast about 100mg/kg. Any of the dosing frequencies descrbed above may be used.

A method of treatment contemplated herein is the freatment of a disorder or disease such as cancer with
any of the masked [1.-12 cvtokines or cornpositions described herein. Disorders or discases that are treatable
with the formulations of this present invention inchude leukenda, lymphoma, head and seck caocer,
colorectal cancer, prostate cancer, pascrgeatic cancer, melanoma, breast cancer, neuroblastoma, luag cancer,
pvarian cancer, ostensarcoraa, bladder cancer, cervical cancer, liver cancer, kiduey cancer, skincancer (e.g.,

Merkel celt carcinoma) or testicular cancer.

in some embodiments, provided herein is a method of treatment or prevention of a cancer by administration
of any masked [L.-12 cviokines or compositions described herein. In some embodiments, provided herein
is a method of treatment or prevention of a cancer by administration of any 1L-12 masked cytokine or
composition described herein in combination with an anticancer agent. The anti-cancer agent can be any
agent capable of reducing cancer growth, iterfering with cancer cell replication, directly or indirectly
killing cancer cells, reducing metastasis, reducing tumor blood supply, ot reducing cell survival. In some
erabodiments, the anti-cancer agent is selected from the group consisting of a PD-1 inhibitor, an EGFR
inhibitor, a HER2 inhibitor , a VEGFR inhibitor, a CTLA-4 inhibitor, 3 BTLA inhibitor, a B7H4 inhibitor,
a B7HS inlubtior, a CSFIR inbubitor, an HVEM inhibitor, a D27 inhibitor, a KIR 1nhibitor, ag NKG2A
indnbitor, an NKG2D agonist, a TWEAK iohibitor, an ALK inbibitor, a CD52 targeting antibody, a CCR4
targeting anttbody, a PD-L1 inbibitor, a KIT inhibitor, a PDGFR inhibitor, a BAFF inhubitor, an HDY AC
infubilor, a VEGF ligand inhibitor, a CD19 targeting molecule, a FOFR1 targeting molecule, a DFE3
targeting molecule, a DKK targeting molecule, a MUCH (argeting molecule, 3 MUG 16 targeting
molecule, a PSMA targeting molecule, an MBSFN targeting molecule, an NY-ESC-1 targeting molecule, a
B7H3 targeting molecule, a B7TH4 targeting molecule, & BCMA targeting molecule, a CD29 targeting
molecule, 2 CD15Hargeting molecule, a CD 123 targeting molecule, a CD33 targeting molecule, a CD37
targeting molecule, a CDH1IY targeting molecule, a CEA targeting molecule, a Claudin 18.2 targeting
molecule, a CFECIZA targeting molecule, an EGFRVIIL {argeting molecnle, an EPCAM targeting
molecule, an EPHA?2 targeting molecule, an FCRHS targeting molecule, an FLT3 targeting molecule, a
GD2 targeting molecule, a glypican 3 targeting molecule, a gpA33 targeting molecule, a GPRCSD targeting
molecule, an IL~-123R targeting molecule, an IL-1RAP targeting molecule, a MCSP targeting nwlecule, a

RON targeting molecule, a RORI {argeting nolecule, a STEAPZ targeting molecuie, a TR targeting
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inolecule, a CDI166 targeting molecuke, a TPBG targeting molecule, a TROP2 targeting molecule, a
proteasome iohibitor, an ABE ighibitor, a CD30 inbibitor, a FLT3 inhibitor, 3 MET inlubitor, a RET
inhabitor, an L~ 1{3 inhibitor, a MEK intibitor, a ROS 1 inhibitor, a BRAE inhubitor, a CD38 inhibitor, a
RANKE inhibitor, a B4GALNT inhibitor, a SLAME7 inhibitor, an IDH2 inhibitor, an mTOR inhibifor, a
CD20 targeting antibody, a BTK inhibitor, a PI3K inhibitor, a FLT3 inhibitor, a PARP inhabitor, a CDK4
inhibitor, 1 CDK6 mhibitor, an EGFR inhibifor, a RAF inhibitor, a JAK] inhibitor, a JAK? inhibitor, a
JAK3 inhubitor, an 1L~6 inhibitor, a 1L-17 inhibitor, 2 Smoothened inhibitor, an {L-6R inhibitor, a BCL2
inhibitor, a PTCH inhibitor, a PIGF inhibitor, a TGFB inhibitor, a CD28 agonist, a CD3 agonist, CD40
agonist, a GITR agonist, a OX40 agonist, a VISTA agomst, a CD137 agounist, a LAG3 inhibttor, a TIM3
inhibitor, a TIGIT inbibitor, and an 1L~12R inhibitor.

In some crubodinents, provided herein is a method of treatmuent or prevention of a cancer by administration
of any masked [1.-12 cytokine described hereis in combination with an asti-inflammatory agent. The asti-
wflantmatory agent can be any agent capable of preventing, counteracting, inhibiting, or otherwise reducing

inflammation.

In some embodiments, the anti-inflammatory agent is a cyclooxygenase (COX) miubitor. The COX
inhibitor can be any agent that inhibits the activity of COX-1 and/or COX-2. In some emboediments, the
COX intubror sclectively intgbits COX-1 (e, the COX inhibitor inlubits the activity of COX-1 more than
it inhibits the activity of COX-2). In some embodiments, the COX inhibitor sclectively inhibits COX-2
(i.e., the COX inhibitor inhibits the activity of COX-2 morc than it inhibits the activity of COX-1). In some
embodiments, the COX inhibitor inhdbits both COX-1 and COX-2.

In some embodiments, the COX inhibitor is a selective COX-1 inhibitor and is selected from the group
consisting of SC-560, FRI22047, P6, mofezolac, TFAP, fluthiprofen, and ketoprofenn In some
embodiments, the COX inhibitor is a selective COX-2 inhibitor and is selected from the group consisting
of celecoxib, rofecoxib, meloxicam, piroxicam, deracoxib, parecoxib, valdecoxib, etoricoxib, a chromene
derivative. a chroman derivative, N-(Z-cyclohexyloxynitrophenyl) methane sulfonamide, parecoxib,
fumiracoxib, RS 57067, T-614, BMS-347070, JTE-522, §-2474, SVT- 2016, CT-3, ABT-963, SC-38125,
amesubide, flosulide, NS-398, L- 745337, RWJ-63556, L-784512, darbufelone, C8-502, LAS-34478,
LAS- 345855, §-33516, diclofenac, mefenamic acid, and SD-8381. In some embodiments, the COX inhibitor
is selected from the group consisting of ibuprofen, naproxen, ketorolac, indomethacin, aspirin, naproxen,
tolmetin, piroxicam, and meclofenamate. In some embodiments, the COX inhibitor is selected from the
group consisting of SC-560, FR122047, P6, moferzolac, TFAP, flurhiprofen, ketoprofen, celecoxib,
rofecoxib, meloxicam, pitoxicam, deracoxib, parecoxib, valdecoxib, ctoricoxib, a chromene derivative, a
chroman dervative, N-(2-cyclobexyloxynitrepbenyl) reethane solfonamide, parecoxib, lumiracoxib, RS
37067, T-614, BMS-347070, JTE-322, S-2474, SVT- 2016, CT-3, ABT-963. SC-538123, nimesulide,
flosulide, NS-398, L~ 745337, RWI-63556, L-784512, datbufelone, C8-502, LAS-34475, LAS- 34555, 5-
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33516, diclofenac, mefepamic acid, SD-8381, ibuprofen, naproxen, kelorolac, indomethacin, aspirin,

naproxen, tolmetin, piroxican, and meclofenamate.

in some embodiments, the anti-inflammatory agent is an NF-KB inhibitor. The NF-KB inhibitor can be any
agent that inhibits the activity of the NF-KB pathway . In some embodiments, the NF-KB inhibitor is selected
from the group consisting of an IKK complex inhibitor, an IKB degradation inhibitor, an NF-XB nuclear
translocation inhibitor, a po5 acetvlation inhibitor, an NF-XB DNA binding inhibitor, an NF-xB

transactivation inhibitor, and a p33 induction inhib#or.

in some crabodiments, the IKK complex inhibitor is selected from the group consisting of TPCA-1, NF-
KB Activation Inbibitor VI (BOT-64), BMS-345541, amlexanox, SC-514 (GK-01140), IMD-0334, and
IKK-16. In some enbodiments, the IKB degradation inhibitoris selected front the group consisting of BAY -~
11-7082, MG-115, MG-132, lactacystin, cpoxomicin, parthenolide, carfilzomib, and MLN-4924
(pevonedistat). [n some embodiments, the NF-KB nuclear transtocation inhibitor is selected from the group
consisting of JSH-23 and rolipram. In some embodiments, the p63 acetylation inhibitor is selected from the
group consisting of gallic acid and anacardic acid. In some cmbodiments, the NF-KB DNA binding inhibiior
is selected from the group consisting of GYY-4137, p-XSC, CV-3938, and prostaglandin E2 (PGE2). In
some embodiments, the NF-KB transactivation inhibitor is selected from the group consisting of LY-
294002, wortmannin, and mesalanine. In some embodiments, the p53 induction inhdbitor is selected from
the group consisting of quinacrine and favopiridol. In some ernbodiments, the NF-KB inhibitor is selected
from the group coosisting of TPCA-1, NF-KB Activation Inbibitor VI (BOT- 64), BMS-345541,
amlexanox, SC-514 (GK-01140), IMD-0354, IKK-16, BAY-11-7082, MG-115, MG~ 132, lactacvstin,
epoxonicin, parthenolide, carfilzomib, MLN-4924 (pevonedistat), JSH-23 rolipram, gallic acid, anacardic
acid, GYY~4137, p-XSC, CV-3988, prostagiandin E2 (PGE2), LY-294002, wortmannin, mesalamine,

quinacrine, and flavopiridol.

in some embodiments, provided berein is 4 method of treatment or prevention of a cancer by admimstration
of any masked IL-12 cytokine or composition described herein in cormbination with an anticancer
therapeutic protein. The anti-cancer therapeutic protein can be any therapeutic protein capablke of reducing
cancer growth, interfering with cancer cell replication, directly or indirectly killing cancer cells, reducing
metastasis, reducing tumor blood supply, or reducing cell survival. Exemplary anti-cancer therapeutic
proteins may come in the form of an antibody or fragment thereof, an antibody derivative, a bispecific
antibody, a chimeric astigen receptor (CAR) T cell, a fusion protein, or a bispecific T-cell engager (BiTE).
in some cmbodinents, provided herein is a method of treatment or prevention of a cancer by administration
of anv masked IL-2 cvtokine or composition descnibed herein in combination with CAR-NK (Natural

Killer) cells.
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7. ARTICLES OF MANUFACTURE OR KITS

in another aspect, an article of manufacture or kit is provided which comprises any masked IL-12 cytokine

described herein. The article of manufacture or kit may further comprise instructions for use of the

n

cytokines in the methods of the invention. Thus, in certain embodiments, the article of mamfacture or kit
compriscs instructions for the use of a masked cytokine in methods for freating or preventing a disorder
{e.g., a cancer) in an individual comprising administering to the individual an effective amount of a masked

cyviokine. For example, in certain embodiments, the article of manufacture or kit comprises instructions for

the nse of a masked 1L-12 polypeptide in methods for treating or preventing a disorder {¢.g., a cancer) in
16 ap individual comprising administering to the individual ap effective amount of a masked IL-12
polypeptide. In certain embodiments, the individnal is a human. In some embodiments, the individual has
a disease selected from the group consisting of include leukemia, bymphoma, bead and neck cascer,
colorectal cancer, prostate cancer, pancreatic cancer, melanoma, breast cancer, neuroblastoma, fung cancer,
pvarian cancer, ostensarcoma, bladder cancer, cervical caacer, liver cancer, kidoey cancer, skin cancer or

i3 testicular cancer.

The article of manofacture orkit may further cornprise a container. Suitable containers include, for exarnple,
bottles, vials (e.g., dual chamber vials}, svringes {(such as single or dual chamber syringes), test fubes, and

intravenous (1V) bags. The container may be formed from a variety of materials such as glass or plastic.

397
<

The container holds the formulation. In some embodiments, the formulation is a lvophitized formulation.
In some erabodiments, the formulation is a frozen formulation. In some embodiments, the formulationis a

hiquid formulation.

The article of manufacture or kit may further comprise a label or a package insert, which is on or associated
25 with the contaiser, may iedicate directions for reconstitution and/or use of the fornwlation. The label or
package insert may further indicate that the formoulation is useful or intended for subcutancous, intravenous,
or other modes of administration for treating or preventing a disorder (e.g.. a cancer) in an individual. The
container holding the formudation may be a single-use vial or a muiti-use vial, which allows for repeat
administrations of the reconstituted formulation. The article of manufacture or kit may further comprise a
3¢ second countainer comprising a suilable diluent. The article of manufacture or kit may further include other
materials desirable from a commercial, therapentic, and user standpoint, including other buffers, diluents,

filters, needles, syringes, and package inserts with instructions for use.

in a specific embodiment, the present invention provides kits for a single dosc-adnninisiration unt. Such
35 kits comprise a container of an agueous formwlation of therapeutic cytokine, including both
single or multi-chambered pre-filled svringes. Exemplary pre-filled syringes arc available from Vetter

GrobH, Ravensburg, Gernuany.
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The article of manufacture or kit berein optionally further comprises a comtainer comprising a second
medicament, wherein the masked cytokine is a first medicament, and which article or kit further corprises
instructions on the label or package insert for treating the subject with the second medicament, in an

effective amount.

in another embodiment, provided herein is an article of manufacture or kit comprising the formulations
described herein for administration in an auto~ingector device. An auto-injector can be described as an
njection device that upon activation, will deliver iis contents without additional necessary action from the
patient or admimistrator. They are particulady suited for self~medication of therapeutic fornulations when

the delivery rate must be constant and the time of delivery is greater than a few moments.

8. DEFINITIONS

Unless defined otherwise, all terms of art, notations and other fechnical and scientific terms or terminology
used berein are intended to have the same meaning as is conpunonly understood by one of ordinary skiil i
the art to which the claimed subject matior pertains. o some cases, teons with commonly understond
meanings are defined herein for clarity and/or for ready reference, and the inclusion of such definitions
herein should pot necessanly be construed to represent a substantial difference over what is generally

understood 1n the art.

it is {0 be understood that this invention is not Hmited to particular conpostiions or biological systems,
which can, of course, vary. It is also o be understood that the terminology used herein is for the purpose of

describing particular embodiments only, and is not intended to be linuting. As used in this specification

and the appended claims, the singolar forms “a,” “an,” and “the” include plural referents unless the content
clearly dictates otherwise. Thus, for example, reference to “an IL-12 polypeptide” optionally includes a

combination of two or more such polypeptides, and the like,

The term “about” as vsed herein refers 1o the vsual error range for the respective value readily known to
the skilled person in this technical field. Reference to “about™ a value or parameter berein inciudes {and
describes) crabodiments that are directed to that value or parameter per se.

It is understood that aspects and embodiments of the invention described herein include “compnsing,”

“consisting,” and “consisting essenually of” aspects and embodiments.

As used herein, the term “and/or” refers (o any one of the items, any combination of the iters, or afl of the
iterns with which the term is associated. For instance, the phrase A, B, and/or C” is intended to encompass

cach of the following embodiments: A, B, and C; A B.or Cl Ao Bl Aor G BorCiAand B Aand C; B
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and C; Aand B or C; B and Aor C; C and A or B, A (alone); B (alone); and C (alone).

The term “antibody” includes polyvclonal antibodies, monoclonal antibodics (incleding foll length
antibodies which have an immunoglobulin Fe region), antibody compositions with polyepitopic specificity,
multispecific antibodies (e.g., bispecific antibodies, diabodies, and single-chain molecules, as well as
antibody fragments (e.g., Fab, F{ab")2, and Fo). The term “immunoglobulin” ({g) is used interchangeably

with “antibody” herein.

The term “diabodies” refers to small antibady fragments with two antigen-binding sites, which comprise a
heavy chain variable (VH) domain connected to a light chain variable (VL) domain in the same polvpeptide
chain (VH-VL).

The basic 4-chain antibody it is a hetewtetrareenc glycoprotein composed of two identical light (L)
chains and two identical heavy (H) chains. An IgM antibody consists of § of the basic heterstetramer units
along with an additional polypeptide called a J chain, and containg 10 antigen binding sites, while IgA
antibodies comprise from 2-5 of the basic 4-chain anits which can polymerize to formm polyvalent
assemblages in combination with the J chain. In the case of IgGs, the 4-chain unit is generally about 150,000
daltons. Fach L chain is linked to an H chain by one covalent disulfide bond, while the two H chains are
tinked 1o cach other by one or more disulfide bonds depending on the H chain isotype. Each H and L chain
also has regularly spaced intrachain disulfide bridges. Each H chain has at the N-terminus, a varable
domain (VH) followed by three constant domains (CH) for each of the ¢ and y chains and four CH domains
for p and s isotypes. Each L chain has at the N-terminus, a variable dersain (VL) followed by a constant
domain at its other end. The VL is aligned with the VH and the CL is aligned with the first constant domain
of the heavy c¢hain (CHI). Particular amino acid residues are belicved to form an interface between the light
chain and heavy chain vanable domains. The painng of a VH and VL together forms a single antigen-
binding site. For the structure and properties of the different classes of antibodies, see e.g., Basic and
Clinical Immunoclogy, 8th Edition, Daniel P. Sties, Abba 1. Terr and Tristram G. Pawsolw (eds), Appleton
& Lange, Norwalk, CT, 1994, page 71 and Chapter 6.

The L chain from any vertebrate species can be assigned to one of two clearly distinct types, called kappa
and lambda, based on the amino actd sequences of their constant domains. Depending on the amino acid
sequence of the constant domain of their heavy chains {CH), immunoglobuling can be assigned to different
classes or isotypes. There are five classes of tmmunoglobuling: IgA, Igh, 1gE, 1gG and 1gM, having heavy
chains designated a, 8, e, v and p, respectively. The y and o classes are further divided into subclasses on
the basis of wlatively munor differences in the CH sequence and function, c.g., humans express the
following subclasses: IgGl 1gG2, 1263, 1gG4, IgAl and IgA2. 1p(Gl antibodies can exist in multiple
polypworphic vagangs termed aliotypes {reviewed in Jefferis and Lefrane 2009, maAbs Vol | Issue 4 1-7)

any of which are suitable for use in the invention. Common allotypic variants in human popuiations are
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those designated by the letters a.fn 2.

An “isolated” antibody is one that has been identified, separated and/or recovered from a cormponent of its

production environment {e.g., naturally or recombinantly). In some embodiments, the isolated polvpeptide

n

is free of association with all other components from its production environment. Contaminant components
of its production environment, such as that resulting from recombinant transfected cells, are materials that
would typically interfere with research, diagnostic or therapeutic uses for the antibody, and may include
curyraes, hormones, and other proteinacecus or nop-profeinaceous sofutes. In some ecrabodiments, the
polvpeptide is purnified: (1) to greater than 95% by weight of antibody as determined by, for example, the
16 Lowry method, and in some embodiments, 10 greater than 99% by weight, (1) to a degree sufficient to
obtain at least 15 residues of N-terminal or inicrnal amino acid sequence by use of a spinning cup
sequenator, or (3) to homogeneity by SDS-PAGE under non-reducieg or reducing conditions using
Coomassic bluc or sitver stain. Isolated antibody jocludes the antibody in situ within recombinant cells
since at feast one component of the antibody 's natural environment will not be present. Crdinarily, however,

13 anisolated polypeplide or antibody is prepared by at least one purification step.

The term “monoclonal antibody” as used herein refers to an antibody obtained from a population of
substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are
identical except for possible naturally occurring mutations and/or post-translation modifications {e.g.,
26 isomerizations, amidations) that may be present in minor amounis. In some embodiments, monocional
antibodies bave a C-terminal cleavage at the heavy chain and/or light chain. Forexanple, 1, 2,3, 4, 01 5
amino acid residnes are cleaved at the C-terminus of heavy chain and/or light chain. Insome embodiments,
the C~termimal cleavage removes a C-terminal fyvsine from the heavy chain In some cmbodimerts,
monoclanal antibodics bave an N-teominal cleavage at the heavy chain and/or light chain, For example, 1,
25 2,3, 4, or 5 amioo acid tesidues are cleaved at the N-terminus of beavy chain and/or light chatn In some
embodiments truncated fonms of monoclonal antibodies can be made by recombinant techniques. In scie
embodiments, monoclenal antibodies are highly specific, being directed against a single antigenic site. In
some embodiments, monoclonal antibodies are highly specific, being directed against multiple antigenic
sites (such as a bispecific antibody or a mudtispecific antibedy). The modifier “monoclonal” indicates the
3¢ character of the antibody as being obtained from a substantially bomogeneous popudation of antibodies,
and is not to be construed as requiring production of the antibody by any particular method. For example,
the monoclonal antibodies to be used in accordance with the present invention may be made by a variety
of techniques, including, for example. the hybridoma method, recombinant DNA methods, phage-display
technologics, and fechnologies for producing iman or human-like antibodies in animals that have parts or

35 all of the human tmmmunoglobulin loci or genes encoding buman immrunoglobulin sequences.

The terms “foll-length antibody,” “intact antibody™ or “whole antibody™ arc used interchangeably to refer

to an antibody 1o its substantially intact form, as cpposed to an antibody fragment. Specifically, whole
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antibodies include those with heavy and hight chaings 1acluding an Fo region. The constant domains may be
native sequence constant domains (¢.g., human native sequence constant domains) or aming acid sequence

variants thereof. In some cases, the intact antibody raay have one or more effector functions.

Axn “antibody fragment” comprises a portion of an intact antibody, such as the antigen binding region and/or
the variable region of the intact antibody, and/or the constant region of the intact antibody . Exaniples of an
antibody fragment include the Fo region of the antibody, a portion of the Fe region, or a portion of the
anttbody comprising the Fe region. Examples of antigen-binding antibody fragments include domain
anttbodies (dAbs), Fab, Fab’, F{ab")2 and Fv fragments; diabodies; hinear antibodies {see U.S. Pat. No.
5.641.870, Example 2; Zapata ot ah, Protein Eng. 8(10): 1057-1062 {1993]); single-chain antibody
molocules, and multispecific antibodics fonmed from antibody fragments. Single heavy chain antibodics or
stogle light chain antibodies can be engineered, or in the case of the heavy chain, can be isolated from

camelids, shark, libraries or mice engineered to produce single beavy chain molecules.

Papain digestion of antibodies prodaced two identical antigen-binding fragments, called “Fab” fragments,
and a residual “F¢” fragment, a designation reflecting the ability to ceystallize readily. The Fab fragment
consists of an entire L chain along with the variable region domain of the H chain (VH), and the first
constant domain of one teavy chsin (CHIy. Each Fab fragment is monovalent with tespect to antigen
binding, ie., it has a single antigen-binding site. Pepsin treatment of an antibody vields a single large
F{ab")2 fragment which roughly corresponds to two disulfide linked Fab fragments having different
antigen-binding activity and is still capable of cross-linking antigen. Fab’ fragments differ from Fab
fragrments by having a fow additional residues at the carboxy terminus of the CHI domain including one or
more cysteines from the antibody hinge region. Fab™-SH is the designation herein for Fab’ in which the
cysteine residue(s) of the constant domains bear a frec thiol group. Fab’)2 antibody fragments originally
were produced as pairs of Fab’ fragments which bave hinge cysteines between them. Other chenical
couphings of antibndy fragments are also known The Fc fragment camprises the catboxy-tenminal portions
of both H chains held together by disulfides. The effector functions of antibodies are determined by
sequences and glycan in the Fe region, the region which is also recognized by Fe receptors (FcR) found on

certain types of cells.

“Percent (%) amino acid sequence identity” with respect to a reference polypeptide sequence is defined as
the percentage of amino acid residues in a candidate sequence that are identical with the amino acid residues
in the reference polypeptide sequence, after aligning the sequences and introducing gaps, if necessary, fo
achieve the maxinmum percent sequence identity, and not considering any conservative substitutions as part
of the sequence identity. Alignment for purposes of determining percent amino acid sequence identity can
be achieved in varicus ways that are within the skill in the act, for instance, using publicly available
computer software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled

i the att can determine appropriate parameiers for aligning sequences, ncinding any algorithms needed o
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achieve maximal alignment over the full length of the sequences being compared. For example, the %
amino acid sequence identity of a given amino acid sequence A {o, with, or against a given amino acid
sequence B (which can alternatively be phrased as a given amino acid sequence A that has or comprises a

certain % amino acid sequence idenlity to, with, or against a given amino acid sequence B) is calculated as

n

follows:

100 timmes the fraction X/Y
where X is the number of amino acid residues scored as identical matches by the sequence in that program’s
alignment of A and B, and where Y is the total number of amino acid residues in B. 1t will be appreciated
that where the length of anxino acid sequence A is not equal to the length of amine acid sequence B, the %

16 amino acid sequence identity of A to B will not equal the % amine acid sequence identity of B to A,

Antibody “‘effector functicns”™ refer to those biological activitics aitributable to the Fc region (a mative
sequence Fe region or amino acid sequence vadant Fo region) of an antibody, and vary with the antibody
isotype. Examples of antibody effector fimctions inclade: Clg binding and complement dependent
13 cviotoxicity; Fo receptor binding; antibody-dependent cell-mediated cytotoxicity (ADCC); phagocytosis;

down regulation of cell surface receptors (e.g., B cell receptors); and B cell activation,

“Binding affinity” as used herein refers to the strength of the non-covalent interactions between a single
binding sitc of a molecude (e.g., a cviokine) and its binding partner (¢.g., a cytokine receptor). In some
26 embodiments, the affinity of a binding protein {e.g., a cytokine) can generally be represented by a
dissociationconstant (Kdj. Affinity canbe measured by common methods known in the art, including those

described herein.

An “isolated” pucleic acid molecule encoding the cytokine polypeptides described herein is a nucleic acid
25 molecule that 1s ideniified and separated fromm at least one contaninant nucleic acid molecude with which ¢
is ordinarily associated in the environment in which it was praduced. In some embodiments, the isolated
sucleic acid is free of association with all components asscciated with the production environment. The
isolated nucleic acid molecules encoding the polvpeptides and cytokine polypeptides herein is in a form
other than in the form or setting in which it 1s found in pature. Isolated nucleic acid molecules therefore are
3¢ distnguished from mcleic acid encoding the polypeptides and cytokine polypeptides herein existing

naturally in cells.

The term “pharmacentical formulation” refers to a preparation that is in such form as o permit the
biological activity of the active ingredient to be effective, and that contains no additional components that
35 arc unacceptably toxic to a subject to which the forroulation would be adninistered.

Such formulations are stenile,

“Carriers” as used herein include pharmaceutically acceptable cartiers, excipients, or stabilizers that are
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nontoxic to the cell or marumal being exposed thereto at the dosages and concentrations employed. Ofien
the physiolegically acceptable carrier is an agueous pH buffered sohution. Examples of physiclogically
acceptable carriers inchude buffers such as phosphate, citrate, and other organic acids, antioxidants
inchuding ascorbic acid; low molecular weight (fess than about 10 residues) polypeptide; proteins, such as
serum alburmen, gelatin, or immunoglobuling; hydrophilic polyvimers such as polvvinyipvrolidone; amino
acids such as glycine, glutamine, asparagine, arginine or lysine; monosacchandes, disaccharides, and other
carbohydrates including glucose, mannose, or dextring; chelating agents such as BEDTA; sugar alcohols
such as mannito! or sorbitol; salt-foraxing counterions such as sodinm; and/or nonionic surfactants such as

TWEEN™, polvethvlene glycol (PEG), and PLURONICS™,

As used berein, the term “treatment” refers to clindeal intervention designed to alter the natural course of
the tadividual or cell being trealed during the course of clinical pathology. Desirable effects of treatment
1octude decreasing the rate of discase progression, ameliorating or palliating the discasc siate, and remission
or improved progrosis. An individual s successfully “treated”, for example, if one or more symptoms
associated with a disorder {e.2.. 3 neoplastic disease ) are mitigated or eliminated. Forexample, an individual
is successfully “treated” if treatment results inincreasing the quality of ife of those suffening from a discase,
decreasing the dose of other medications required for ireating the disease, reducing the frequency of
recurrence of the disease, lessening sevenity of the disease, delaving the development or progression of the

disease, and/or profonging survival of individuals.

As used herein, “in comjunction with” or “in combination with” refers to adoxnistration of one treatinent
modality in addition to another treatment modality. As such, “in conjunction with” or “incombination with”
refers to administration of one treatment modality before, during or after administration of the other

treatraent modality to the individual.

As used herein, the tenm “prevention” inclides providing prophylaxis with respect 1o oocutrence or
recurrence of a discase in an individual. An individual may be predisposed to, susceptible to a disorder, or
at risk of developing a disorder, but has not yet been diagnosed with the disorder. In some embodiments,

masked cytokines described berein are used to delay development of a disorder.

As used herein, an individual “at risk” of developing a disorder may or may not have detectable discase or
symploms of disease, and may or may not have displaved detectable disease or symptoms of discase prior
to the treatment methods described herein. “Atrisk”™ denotes that an individual has one or more risk factors,
which are measurable parameters that correlate with development of the disease, as known in the art. An
individual baving one or more of these risk factors has a higher probability of developing the disorder than

an individual without one or more of these risk factors.

An “effective amount” refers to at least an amount effective, at dosages and for periods of time necessary,
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to achieve the desired or indicated effect. including a therapeutic or prophylactic result.

An effective arnount can be provided in one or more admumstrations. A “therapeuntically effective amount”
is at least the minimum concentration required fo effect 2 measurable improvement of a particular disorder.
A therapeutically effective amount herein may vary according to factors such as the disease state, age, sex,
and weight of the patient, and the ability of the antibody to elicit a desired response in the individual. A
therapentically effective amount may also be one in which any toxic or detrimental effects of the masked
cviokine are outweighed by the therapeutically beneficial effects. A “prophylactically effective amount”
refers o an amount effective, at the dosages and for periods of time necessary, to achieve the desired
prophylactic result. Typically, but not necessarily, since a prophylactic dose is used in subjects prior {o or
at the cadier stage of disease, the prophylactically effective amouant can be less than the therapeutically

effective amouat.

“Chronie” administration refers to administeation of the medicaneni(s} in a continacas as opposed o acule
mode, $o as o main the initial therapentic effect (activity) for an extended period of time. “Intermittent”

administration is treatment that is not consecutively done without interruption, but rather is cyclic in nature,

As used herein, an “individual” ora “subject” 1s 2 mammal. A “mammal” for purposes of treatment includes
humans, domestic and farm animals, and zo0, sports, or pet ammals, such as dogs, horses, rabbits, cattle,
pigs, hamsters, gerbils, mice, ferrets, rats, cafs, cic. In some embodiments, the individual or subject is

huynan.

8. EXAMPLES

The tnvention will be more fully understood by reference to the following examples. They should not,
bowever, be construed as limiting the scope of the invention. It is uadersicod that the examples and
erabodiments descabed berein are for illusteative purposes only and that various rodifications or changes
 Jight thereof will be sugpested to persons skilled in the art and are to be jncluded within the spirit and

purview of this application and scope of the appended claims.

Although some examples describe the eogineering

[

production, and/or testing of “masked” versions of an
{L.-2 polyvpeptide constract, some examples also employ parental “son-rasked” versions of the -2
polypeptide constract, such as for comparison, or other constructs that include one or more of the
cornponents described herein that are tested as controls for comparison. Accordingly, the description of,
for instance, testing done on masked 1L-2 polyvpeptide constructs does not necessarily mean that non-

masked versions of the constrict were not also tested.
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Engingering of Masked 11-2 Polvpeptides

Example 1:

Masked IL-2 polvpeptide are gencrated inaccordance with the teachings herein. In the subsequent
examples, some experiments mvolve use of the masked {L-2 polypeptide constracts in monomer form,
and some experiments involve use of the masked 1L-2 constructs in dimer form, such as a dimer formed
through disulfide bonds hoking two copies of the same masked polypeptide construct (horsodimer), or a

heterodimer formed by two different polypeptides (see, e.g., Table 5).

Masked IL-2 polvpeptide constructs are generated that include an 1L-2 polypeptide or functional fragment
thereof, a masking moiety, and a half-life extension domain, such as an antibody or fragment thereof
(¢.g.. an Fe region, heavy chain, and/or light chain). Some IL-2 polypeptide constructs are also generated
that mclude an IL-2 polypeptide or functional fragment thereof linked to a half-life extension domain
without also including a masking meiety. Some of the constracts also include a linker that comprises a
cleavable peptide and links the masking moicty to the IL-2 polvpeptide or functional fragment thereof,
thereby resulting in an activatable masked IL-2 polypeptide construct. Some of the constructs also include
a linker that Hrds the 1L-2 polypeptide or functional fragment thereof to the balf- life extension domais,
Some of the constructs also include a ket that lioks the 1L-2 polypeptide or fuosctional fragoeot thereof
to the masking moietv. The masked 1L-2 polypeptide construcis that do not include a cleavable peptide in
the linker that lnks the 1L-2 polypeptide or functional fragment thercof to the masking moiety are also
referred to as non-activatable masked -2 polypeptide constracts or non- activatable IL-2 polypeptide
constructs because they do not inclade a cleavable peptide. The structure and composition of exemplary

1L.-2 poly peptide constructs are provided in Table 3.

Table 3:
Construct # Structure
(N-to C-terminal direction)
AKO32 H-C
AKO35 H-C

Also generated are masked H.-2 polvpeptide constructs that incluode an IL-2 polypeptide or functional
fragment thereof, a first masking moiety, a second masking moiely, and a half-life extension dommain,
sach as alburnin, an antibody or fragrent thereof {e.g., an Fc region, heavy chain, and/or Light chain), an
albumin-binding peptide, an IgG-binding peptide, or a polyvamino acid sequence. Some of the constructs

also include a linker that links the first masking moiety to the fL-2 polypeptide or functional fragment
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thereof. Some of the constructs also include a linker that links the second masking moiety to the IL-2
polypeptide or functional fragment thereof. Sorne of the constructs inclade a cleavable peptide ia the
finker linking the firsi masking moiety to the IL-2 polypeptide or functional fragment thereof and/or the

finker linking the second masking moiety to the 1L-2 polypeptide or functional fragment thereof, thereby

n

resulting in an activatable masked 1L-2 polypepude construct.  Soine of the constructs also include a
finker linking the second masking moiety to the haif-life extension domain. The masked [L-2 polypeptide
constructs that do not include a cleavable peptide in either of the linkers that link the IL-2 polvpeptide or
functional fragment thereof o the first masking moiety or the second masking moiety are also referred to
as non-activatable masked 1L-2 polypeptide construcis ot non-activatable 1L.-2 polypeptide constiucts

16 because thev do not inchixde a cleavable peptide. The structure and composition of exemplary 1L-2

polvpeptide constructs are provided in Table 4.

Table 4:
Construct # Structure
(N- to C- terminal direction)
AKO41 H-Li-MMI-L2-CL3-MM2

W

Also generated are masked [L-2 polypeptide constructs that inchude an 1L-2 polypeptide or functional
fragment thereof, a masking moiely, a first half-life extension domain, and a second half-life extension
domain, an antibody o7 fragment thereof (2.g.. an Fe region, heavy chain, and/or light chain). The
masking moicty is linked to the fiest half-life extension domain, the TL-2 polypeptide or functional

20 fragment thereof is linked {0 the second balf-life exiension domain, and the first half-life extension
domain and the second half-life extension domain contain modifications promoting the association of the
first and the second half-1ie extension domain, In one exeraplary embodiment, the masking moiety is
tinked to the first half-life extension domain, and the IL-2 polypeptide or functional fragment thereof is
tinked to the second half-life extension domain, and the first half-hife extension domain and the second

25 half-life extension domain contain modifications promoting the association of the first and the second
half-life extension domain. In one exemplary embodiment of 2 non-masked 1£-2 polypeptide construct,
the cmbodiment comprises an IL-2 polypeptide or functional fragment thereof linked to a first half-life
extension domain, and comprises a second half-life extension domain, where the 1L.-2 polypeptide or
functional fragment thereof is linked to the first half-life extension domain, and the second half-life

36 extension domain. Some of the constructs also inchide a Huker that links the masking moiety to the first
half-life extension domain, and/or a linker that Hoks the 1L-2 polypeptide or functional fragment thereof
to the second balf-life extension domain. The first and second half-life extension domain of some of the

constructs are also linked. In some constructs, the first and second half-life extension domain of some of
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the constructs are finked by a lirker. Some of the constructs inchude a cleavable peptide in the finker
finking the masking moiety to the first half-life extension domain and/or the linker hnking the IL-2
polypeptide or functional fragment thereof to the second half-life extension domain, thercby resulting in
an activatable masked [L-2 polypeptide construct. The masked IL.-2 polypeptide constructs that do not
include a cleavable peptide in either the Hnker that links the IL-2 polypeptide or functuional fragment
thereof to the second half-life extension domain or the linker that links the masking moiety to the first
halt-life extension domain are also referred o as non-activatable masked [L-2 polypeptide constructs or
non-activatable TL-2 polypeptide constructs because they do not include a cleavable peptide. The

structure and composition of exemplary IL-2 polypeptide constructs are provided in Tabie 5.
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Exampie 2: In vitre characterization of masked 112

The masked 1L-2 polypeptide constructs generated in Example 1 are characterized using several cellnlar

and functional assavs in Vitro.

Production

Plasmids encoding the constructs (e.g., masked {L-2 polypeptide constructs) were transfected into either
Expi293 cells (Life Technologies A14527) or HEK293-6F cells (National Research Council; NRC).
Transfections were performed using 1 mg of total DNA using PElpro (Polyplus Transfection, 115-100) in
a 1:1 ratio with the total DNA. The DNA and PEI were each added to 50 mb of OptiMem (Life
Technologices 31985088) medium and sterile filtered. The DNA and PEI were combined for 10 minutes
and added to the Expi293 cells with a cell density of 1.8 — 2.8 x 10° cells/mL or 0.85-1.20 x 10° cells/ny,
for expi293 cells or HEK2Y3 celis, respectively, and a viability of at least 95%. The HEK293-6E
transfection was performed with a cell density of and a viability of at least 95%, following the same
protocol used for the Expi203 transfections. After 5-7 days, the cells were pelicted by centrifugation at
3000 x g and the supernatant was filtered through a 0.2 pm merobrane. Protein A resin (CaptivA,
Repligen CA-PRI-0005) was added to the filtered supernatant and incubated for at least 2 bouwrs at 4 °C
with shaking. The resin was packed into a column, washed with 15 column vohumes of 20 ;M citrate, pH
6.5, and then washed with 13 column volumes of 20 mM citrate, 500 mM sodivun chioride, pH 6.5, The

booad protein was ehiled from the cohurn with 20 mM citrate, 100 raM NaCl, pt{ 2.9

The titer (mg/L.) of exemplary constructs produced, including parendal (¢.g., non-masked) and masked

constructs, is provided in Table 6. below.

Table 6
Construct Titer Construct Titer
iy (mg/L) B {rag/L)
AK032 58 AK312 154
AKO35 16.7 AK313 81.2
AKDOBI 23.8

AKI11Y 127
AKl16s 135
AK166 17.1
AKL6T 364

AKI68 36.1
AK203 83.2
AK269 273
AK211 438
AK235 35.9
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Construct Titer Construct Titer
D {mg/L) iy {mg/L)

AK253 41.4
AK304 199
AK305 332
AK306 293
AK307 62.9
AK314 60

AK315 598
AK3l6 69.2
AK308 74.5
AK309 50.8
AK310 44

AKS11 64.9

SDS-PAGE Analpsis

For SDS-PAGE analysis, protein samples were made with 4x Lacmmli sample buffer (BioRad Catalog
Number 1610747). For the reduced samples, 0.1 M Bond Breaker TCEP Solution (Thermo Scientific
T7720) was added and the samples were heated for 5 minutes at 65 °C. The proteins were loaded into a
12-well NuPage 4~12 % Bis-Tds Protein Gel (Invitrogen NPO322BOX), with 4 pg of protein loaded per

well. The gel was stained using SimplyBlue SafeStain (Invitrogen LC606S).

As depicted in FIG. 4, SDS-PAGE analysis was performed on the flow-through (FT) samples (i.e.,
proteins that did not bind to the Protein A column) and the eluted (E) samples (i.e., proteins that bound 1o
the Protein A column and were chuted from it) following production and purification of cxemplary
constructs {AK304, AK305, AK307, AK308, AK309, AK310, AX311, AK312, AK313, AK314, and
AK315). This exemplary data demonstrates that constructs as described herein can be successfully

produced and purified.
Reporter Bioassaps

Reporter bicassays are performed on masked 1L-2 polypeptide constructs, along with non~masked
parental constructs or other controls, {0 monitor activation of a downstream pathway, such as the JAK-
STAT pathway.

In some studies, HERK-Blue L-2 reporter cells (Invivogen) were used to test activation of the JAK-STAT
pathway in accordance with the following method. HEK-Blue [L-2 cells passage 6 (p6) (97% live} were
washed 2x with assay medium (DMEM + 10% heat-inactivated FBS), plated in 3 plated at 5S¢4 cells/well
in 150 ul. of assay medium, and rested in assay medium for about 2 houss to allow adherence to plate.

Each construct tested was diluted to 300 pM in assay medivr, then diluted 1.2 down the plate. 50 ul. of
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each dilution was added, for a final starting concentration of 73 pM. HEK-Blue {L-2 cell supematant was
harvested after 24 hours, an incubated with Quantiblue (180 oL + 20 oL supematant), plus 3 wells/plate

of assay mediwrg, at 37 deg C for § hour. The absotbance was read using a Biotek Neo2 at 625 nm.

In some studies, CTLL2 cells were used to test activation of the JAX-STAT pathway in accordance with
5 the following muethod. CTLL2 cells were plated at 40,000 cell per well in RPMI with 10% FBS. Dilutions
of the constructs of interest were added and 1ncubated at 37 degrees. After 6 hours, the Bio-Glo reagent

was added and humisescence measured with a BioTek Synergy Neo2 plate reader.
Receptor Binding

The binding of the masked IL-2 polypeptide constructs generated in Example 1 is assessed. For the

16 masked [L-2 polypeptide constructs, in some experiments, ELISA plates are coated with a receptor
subunit, such as [L-2Ro (also referred to as CD23), 1L~ 2R (also referred to as CD122), or [L-2Ry (also
referred to as CD132), or combinations thereof. Dilutions of masked IL-2 polypeptide constructs are
allowed to bind to the receplor subuni(s) and are detected using an anti-huFc-HRP detection antibody.
The binding of the masked fL.-2 polypeptide constructs is determined in conditions with and without

15  proteasc cleavage.

(In-Cell Receptor Binding

The on-cell eeeptor binding of the masked TL-2 polypeptide counstructs generated in Example iz

assessed. Dibutions of masked IL-2 polypeptide constructs are allowed to bind to peripheral blood

tymphocytes or tissue culture cells, such as CTLL2 cells and are detected by fluorescence activaied cell
206 sorting (FACS) using an anti-hoFc-FITC or antt-albomin-FITC detection antibody. The binding of the

masked [L-2 polypeptide constrocts is determined in conditions with and withowt protease cleavage.

Receptor Binding Affinity

For SPR studies testing binding of masked and non-masked 11.-2 polypeptide constructs, Reichert
Carboxymetiyl Dextran Hydrogel Surface Sensor Chips were coated and immobilized with the constret
25 of interest (e.g., a masked IL-2 polypeptide construct or non-masked IL-2 polvpeptide constract) at
30ug/mal in 10mM Sodium Acctate, pH 5.0 via andne coupling with EDC and NHS, Dilutions of CD235-
Fcor Fo-CH22 m PBST (CD25: 16 oM, 8 oM, 4 nM, 2 M, 1 aM and CD122: 500 oM, 250 oM, 125
M, 62.5 oM, 31.25 aM) were prepared. Usiong a Reichert 4Chanael SPR, dilutions of CD25 or CD122

were flowed over the clips with the immobilized construct to deteroine the on tate at 28 degroes €. At

o

equitibrivm (approximately 3 mioutes), the flow buffer was changed to PBST, to determine the off xates

over & minotes. Between each mun the chip was regenerated with 10 oM glycine, pH 2.0,

FiGs. 5A-3D depicts the efficacy of mutations on 1L-2 which prevent binding to its alpha-teceptor, using

SPR analysis that tested the binding of an exemplary masked 1L-2 polypeptide counstruct (AK168) to
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CB2s-Fe. FIG. 3A depicts the interaction between AK168 and CD25-Fe, FIG. SB depicts the inleraction
between AK 168 activated with MMP and CD25-Fc, and FIG. SC depicts the interaction between a
recombinant human IL-2 hilL-2) control and CD25-Fc. FIG. 30 provides a table sunumarizing the data
obtained for the association constant {ka}, dissociation constant (kd}), equilibrium dissociation constant
(KD, as well as the Chi2 value and U-~value for each interaction. These results demonstrate that this
exemplary masked {L-2 polypeptide construct {AK 168) did not demonstrate detectable binding to CD25-
Fc, while the wild-type rilL-2 control did demonstrate detectable binding.

FiGs. 6A-6D depicts the masking of [L.-2 towards its beta~-receptor as well as restoration of binding post
activation with protease, using SPR analysis that tested the binding of an exemplary asked 1L-2
polypeptide construct (AK111) to CD122-Fe. FIG. 6A depicts the interaction between AK111 and
CP122-Fe, FIG. 6B depicts the interaction between AK 111 activated with MMP and CD122-Fc, and
FIG. 6C depicts the interaction between a recombinant buman IL-2 (thil-2) control and CD122-F¢. FIG.
6D provides a table summarizing the data obtained for the association constant (ka), dissociation counstant
{(kd), equilibrum dissociation constast (KI)), as well as the Chi2 value and U-value for each interaction
These results demonstrate that this exemplary masked 11L.-2 polypeptide constract (AK 111 did oot
demonsirate detectable binding to CD122-Fc unless it has been activated with protease, while the rbil.-2
control did demonstrate detectable binding. Additional exemplary SPR data is provided below in Table 7
for vartous constructs tested. including masked and nos-masked constructs, For some structares, when

applicable, the KD was determined for the constract with or without having been previously cleaved by a

protease.

Table 7
Constract | KD for D28 (without KB for CD122 (without KD for CDI22

protease cleavage) protease cleavage) {after protease cleavage)

vhil.2 0,878 aM 124 oM N/A
AKD32 1.76 aM 260 nM N/A
AKO33 Mo binding detected 110 nM N/A
AKO081 0.875 nM 347 nM N/A
AK109 1.67 nM No binding detected 118 nM
AKTIO 6911 nM No binding detected 195 oM
AK111 0.4 oM No binding detected 235 aM
AK168 No binding detected Not detenmibed 175 nM
AK2158 No binding detected
AK216 No binding detected
AKZ18 Weak binding
rhil.2 €¢.578 aM 124 pM N/A
AKO32 176 aM 260 nM MN/A
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AKU35 Mo binding detected | 110 oM N/A

Cleavage

The cleavage rate of the masked IL-2 polypeptide constructs 1s assessed by conducting receplor- binding
assays, as described above, after incubation of the masked {1-2 peptide constructs in the presence or
absence of a protease, and with the protease, if any, inactivated at various time points, such as by the
addition of EDTA. The cleavage rate s also assessed using reducing and non-reducing polyacrylamide
gel electrophoresis (PAGE) and by mass spectrometry whole mass and peptide map analyses. The
cleavage rate is also assessed using an ex vivo assay in which the masked IL-2 polypeptide constructs are
exposed fo human, mouse, or cynomolgus monkey peripheral blood lymphocytes, or normal human

tissue or human tumor tissue.

For some protease activation stndies, MMP10 was dilited to 50 ng/ul. in MMP cleavage buffer and
activated with 1M APMA for 2 kat 37 °C. 5 L of protease (250 ng total) of the activaicd protease was
incubated with {uM of masked cytokine constructs (¢.g., masked IL-2 polypeptide constructs) and
incubated at 37 degrees for 2 hours. Cleavage was assessed by SDS-PAGE using AnykD™ Criterion™

TGX Stain-Free™ Protein Gels. A siraifar approach is taken to test cleavage by other proteases.

FIG. 7A depicts an exemplary structure of a masked {L-2 polypeptide prior to (feft) and after (night)
cleavage by a protease, such as a protease associated with the tumor environment. FIG. 78 depicts SDS-
PAGE analysis of an exemplary masked {L.-2 polypeptide construct that was incabated in the absence

(left fane) or presence (right lane) of the MMP10 proteasc.

Proliferation

Proliferation of 1L-2 responsive tissue cultire cell lines, such as CTLL2, YT, TF1B, LGL, HH, and {76,
following treatment with the masked IL.-2 polypeptide constructs generated in Exaraple { is assessed. For
experiments iovolving the masked IL.-2 polypeptide constructs, celis are plated in 96 well tissue culture
plates i raedia lacking TL-2 for 2-4 hours and theo treated with the masked IL-2 polypeptide constructs at
various concentrations. After incubation at 37 degrees for 24-48 houss, the cell mumber is determined by
the addition of MTS, alamar blue, luciferase, or a similar metabolic detection reagent, and the

colorimetric, fluorescent or uciferase readout detected by a plate spectrophotometer reader.

The proliferation of immune cells following treatment with the masked [L-2 polypeptide constructs
generated in Example 1 is also assessed. Human, mouse, or cynomolgus peripheral blood mononuclear
cells (PBMCs) are treated with the constructs at various concentrations, and the proliferation of cell
types, such as Natural Killer (NK) cells, CD8+ T cells, CD4+ T cells, and/or Treg cells, is detormined by
staining for the particular cell type and analysis via fluorescence activated cell sorting (FACS). In some

experiments, some PBMCs are treated with controls for comparison. In sonie experiments, sorme PBMCs
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are treated with aldesleukin as a control for the masked 1L-2 polypeptide treatinent. In some experiments,
the masked [L-2 polypeptide constructs are tested in conditions with and withowt protease cleavage (¢.g.,
activation). [n some experiments, the NK cells are stained as CD435+ CD3- CD36+, the CD8+ T cells are
stained as CD45+ CD3+ CD8+, the D4+ T celis are stained as CD45+ CD3+ CD4+ CD25- and the
Treg cells are stained as CD45+ CO3+ Ch4+ CD25+ FOXP3+. In some experirpents, the PBMCs are
treated for a period of five days. In some experiments, the PBMCs are also stained with Ki67, a marker
of cell proliferation. In some experiments, the PBMCs are labeled with CFSE (Sigma-Aldrich) prior to
treatment and proliferation is measured by determining the extent of CFSE dilution. In some experiments,
each construct, as well as aldesicukin and/or other controls, is administered at one or more concentrations,

such as one or more concentrations ranging fron: 0.0001 nM 1o 500 nM,

STATS Activation

The activation of Signal Transducer and Activator of Transcription 5 (STATS) following treatment with
the masked IL-2 polypeptide constructs generated in Example 1 15 also assessed. FBMCs are treated with
the constracts for a specified period of time and are then immediately fixed to preserve the
phosphorylation status of proteins, such as STATS. In some experiments, some PBMCs are treated with
controls for comparison. In some experiments, some PEMUCs are treated with aldesleukin as a control for
the masked I1-2 polypeptide treatment. In some experiments, the masked [L-2 polypeptide constructs are
tested in condiions  with and without protease cleavage {¢.g., activation). In some experiments, the
PBMCs are treated for 10 runutes, 15 minutes, 20 minutes, or 25 minutes. In some experiments, cach
construct, as well as aldeslenkin and/or other controls, is administered at one or more concentrations, such
as one or more concentrations ranging from 0.0001 oM 1o 500 aM. In some experiments, the fixed and
permeabilized PBMCs are then stained with an antibody specific for phosphorylated STATS (phospho-~
STATS) and arc analyzed by flow cytometry. In some experiments, total and phosphorylated levels of
STATS are measured. The phospho- STATS status of certain cell types, such as NK cells, CD8+ T cells,
CD4+ T cells, and/or Treg cells, is determined by staining for the particular cell type. In sore
experiments, the NK cells are stained as CD45+ CD3- CD36+, the CD8+ T cells are stained as CD45+
CD3+4 CD&+, the CD44+ T cells arc stained as CD4 5+ CD3+ CD4+ CD235-, and the Treg cells are stained
as CD45+ CO3+ Chd+ CD2S+ FOXP3+,

The activation of STATS in the mouse cell lines, such as CTLL-Z cells, following treatment with the
masked 1L-2 polypeptide constructs generated in Example 1 is also assessed. In some experniments, some
CTLL-2 cells are treated with controls for comparison. In some experiments, some CTLL-2 cells are
treated with aldeslenkin as a control for the masked 1L-2 polypeptide treatment. In some experiments, the
masked [L-2 polypeptide constructs are tested in conditions with and without protease cleavage {e.g.,
activation}. Insome oxperiments, the CTLL-2 cells are treated for 10 minutes, 15 minutes, 20 minutes,
or 23 minutes, and are  then fixed o preserve the phosphoryiation status of proteins, such as STATS. In

some experimends, each construct, as well as aldesleukin and/or other controls, is adminisiered at one or



n

3¢

WO 2021/202678 PCT/US2021/025107

116

more concerdrations. In  some experiments, total and phosphoryiated levels of STATS are measured.
I some studies, the levels of intraceHular STATS activation (pSTATS signal) induced by 1L-2 was
determined by the following method. Frozen human PBMCs were thawed in water bath and added to 39
mb pre~-warmed media (RPMI1640 medium plus 10% FBS, 1%P/8, 1% NEA), spun and reconstitute in
media at 10E6 cells/mb. Cells were plated at 5E5 per well cells in a 96 well plate. 1L-2 {e.g., rhil.-2 or an
excmplary IL-2-containing polypeptide construct) dilted in medium was added to each well, and
incubated  at 37 °C for 20 min. Cells were then fix with 200ul/well Fixation buffer (eBiosciences) at 4
°C, overnight. After centrifugation, the fixed cells were resuspended in 200ul cold BD Phosflow buiffer
and incubated at 4°C for 30 min. After washing the cells twice, they were treated with Biolegend Hunan
TuStain FeX (2.5 ul. in 50 vl total per samaple in Staining buffer) for 5 min onice. Staining antibodies
were added; Sul pSTATS- APC (pY694, BD), 10ul CD36-BV421 (5. 1H11, Biokgeod), 10ul CD4-
PerCP/Cy 5.5 (Al61AL Biolegend), and [10ul CD3-FITC (UCHTI, Biolegend) and incubated for 30 min,
on ice, protected from light. Cells were washed 2 times and resuspended, and analyzed by flow

cytometry.

FiGs. 8A-8D depict the results from STATS activation studics, as descubed above, using the excmplary
construcis AK032, AK035, AK041, or thil-2 as a control. The levels of STATS activation (%) are
shown for N cells, CD8+ T cells, effector T cells (Teff), and regulatory T cells (Treg). The AK032 and
AK033 constracts include an [L-2 polypeptide linked to an Fo domain, and the AK041 construct includes
an IL-2 polypeptide linked to a CD2S domain and a CD122 domain. As shown, engineered 1L-2
polypeptide constructs can, in some embodiments, reduce activation of Treg cells while retaining or

enbancing activation of CD8+ T cells and NK cells.

FIGs. 9A-9C depict the results from STATS activation stuadics, as described above, using the exemplary
constructs AK081 and AKU32, The AKO8I construct with and without prior exposure o MMP 10 was
tested. An isotype contro] as well as a no [L-2 negative control was also tested. The levels of STATS
activation (%) are shown for NK celis, CD#+ T cells, and CD4+ T cells. The AK032 and AK081
constructs include an IL-2 polypeptide linked to an Fc domain, and the AKO81 construct inchudes a
cleavable peptide in the ligker connecting the IL-2 polypeptide to the Fe domain. As shown, the non-
masked monomeric AKO81 1L-2 polypeptide construct stimnulates STATS activation of PBMCs with or
without protease activation similarly to the non-masked dimeric AK032 1L-2 polypeptide construct.
FiGs. 10A-10D depict the results from STATS activation studies, as described above, using the
exemplary constructs AKO81 and AK 111, as well as controls that inchuded an rhil-2 and anti-RSV
antibody. A no-treatment control was also tested. The AK111 construct is an exemplary masked [1.-2
polvpeptide construct that includes a wildtype form of an 1L-2 polypeptide (except fora C1235A
rantation). As shown in FIGs. 10A-10D, the masked IL.-2 polypeptide construct AK111 demonstrated
reduced STATS activation as compared to the non-masked IL-2 polypeptide constrict AK081, FIG. 10D
provides EC50 (pM) and fold- change data for the AKO81, AK111 constructs, as well as the thil.-2
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control.

FiGs. 11A-11D depict the resalts from STATS activation studies, as described above, using the
exemplary constructs AK167 and AK 168, as well as controls that included an thil-2 and anti-RSV
anfibody. A no-treatment control was also tested. The AK 168 construct is an exemplary masked {L-2
polypeptide construct that includes a mutant form of an 1£-2 polypeptide that eliminates or reduces CD23
binding. The AK167 construct is a parental, non~masked form of the AK168 construct that includes the
same muiant IL.-2 polypeptide. As shown in FIGs. 11A-11C, the non-masked AK167 construct
demonstrated reduced STATS activation as compared to the thil-2 control, and the masked 1L-2
polvpeptide construct AK 168 did not induce detectable STATS activation. FIG. 11D provides EC30 (pM)
and fold-change data for the AK 167, AK 168 constructs, as well as the thll-2 control. The EC30 of the

AX 168 construct was nor-detectable (n.d.).

FIGs, 12A-12D depict the results from STATS activation studies, as described above, using the
exemplary constructs AK163 and AK166, as well as an isotype control and an IL-2-Fc control, that were
(+ MMP10) or were not proviously exposed to the MMP 10 protease. The AK166 constract is an
exemplary masked 1L-2 pelypeptide construct that includes a wildtype form of an 1L-2 polypeptide
{except for a2 C123A mavion). The AK163 construct is a parental, non-masked form of the AK166
construct that includes the same 11-2 polypeptide. The key as shown in FIG. 12A also applies to FIG.
1213, and the key as shown in FIG. 12C also applies to FIG. 12D As shown in FIGs. 12A-12D STATS
activation was greatly diminished for the masked AK166 construct (without protease cleavage), but was
restored to levels resembling the 1L.2- Fc control following exposure to the activating protease MMP1O.
FIGs. 13A-13C depict the results from STATS activation siudies, as described above, using the
exeraplary constructs AK109 and AK 110, as well as an isotype control and an IL-2-Fc control, that were
{(+ MMP10) or were not previously expused to the MMP19 protease. The AK 109 and AKX 119 construct
are exemplary masked IL-2 polypeptide constructs that include half-life extension domains having
different heterodimnenzation mutations. The kev as shown in FIG. 138 also applies to FIG. 13A. As
shown in FIGs. 13A-13C, STATS activation was greatly diminished for the masked AK 109 and AK110
construct (without protease cleavage), but was gieatly increased to fevels approaching the 1L2-Fe control

following exposure to the activating protease MMP10.

FiGs. 14A-~14D depict the results from STATS activation studies, as described above, using the constructs
AK211, AK235, AK233, AK306, AK310, AKS 14, and AK316, as well as an an rhil-2 control, This
includes constructs that are parental, non-masked constructs (AK23S, AR233, AK306, AK310, AK314)
that inchude various mutations that modulate CD25 binding. FIG. 14D provides EC50 data for each of the

tested constructs as well as the rhil-2 control

FIGs. 15A-15D depict the results from STATS activation studics, as described above, using the constets
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AKDBY, AKI67, AK216, AK218, AK219, AK220, and AK223 that have been activated by protease, as
well as an an rhil-2 control. A no-treatraent control was also ested. This includes masked 1IL-2
polvpeptide constructs (AK216, AK218, AK219, AK220, and AK223) that include various ruutations that
modulate CDZ5 binding. The constructs were previously exposed to an activating protease prior fo
testing their ability to activate STATS. FIG. 15D provides ECS0 data for each of the tested constracts as

well as the rhil.-2 control.

FIGs. 16A-16C depict the resulis from STATS activation studies, as described above, using the constructs
AKO81, AK189, AK199, and AKZ210, as well as an an anti-RSV conirol. This includes masked 11.-2
polypeptide constructs (AK189, AK190, AK210) that include an IL-2 polypeptide having a C125A
rautation and include the same cleavabie peptide sequence (RAAAVKSP) but baving different linker
sequernces due to differences in the amino acid residucs on the N-terminus of the protease cleavage

sequence. The key as shown in FIG. 16A also applies to FIGs. 6B and t6C.

FiGs. 17A-17C depict the results from STATS activation studies, as described above, using the constructs
AK167, AK191, AK192. and AK193, as well as an an anti-RSY control. This includes masked IL-2
polypeptide constructs (AK 189, AK 190, AK210) that inclade an IL-2 polypeptide having B38A, F42A,
Y43A, E62A, and C123A mutations and inchude the same cleavable peptide seguence (RAAAVKSE:
SEQ 1D NO: 27) but having different linker sequences duc to differences in the amino acid residucs on
the M- terminus of the protease cleavage sequence. The key as shown in FIG. 17A also applies to F1Gs.

178 and 17C.

Example 3: In vive charactevization of masked 11.-2

Pharmacokinetics
The pharmacokinetics of the masked IL-2 polypeptide constructs and generated in Example 1 is assessed

i vivo using mouse models.

Mice are treated intravenously or subcutageounsly with the constructs and the concentration of the
construct in the plasma is measured over time. In some experiments, some mice are treated with controls
for comparison. In some experiments, some mice are treated with aldeslenkin as a control for masked IL-
2 polypeptide treatment. In some experiments, the mice that are treated have tumors. In some
expertmenis, the mice that are treated are tumor-free. n some experiments, nice are treated with the
constructs and blood is drawn at vanious times over the course of treatment, which may include drawing
blood prior to the initiation of freatment and processing it to obtain plasma. In some experiments, blood
is drawn at various time poinis over the course of two woeks, three weeks, or four weeks or more of
freatment. In some experiments, the nean plasma concentration of the admindstered constructs, as well as

aldesleukin and/or other controls, is measurcd. Masked IL-2 polypeptide construcis are detected in the
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plasma saraples after dilution into PBS Tween with IL-2- and hurnan Fe-specific ELISAs and are
quantified using a standard curve generated for cach construct. The percentage of full length and cleaved
constructs is determined by western blot with asti-buFc-HRP and aoti-hufL-2-HRP and by whole mass

and peptide mass spectrometry.

The pharmacokinetics of the masked IL-2 polvpeptide constructs in tumors is also assessed in vivo using
mouse models. Mice having tumors are treated intravenously or subcutaneously with the constructs and
the concentration of the construct in tumors of the mice is assessed. In some experiments, some wice are
freated with controls for comparison. In some expertraents, some ouce are freated with aldesteukin as a
control for masked [L.-2 polypeptide treatment. Tumors are analyzed for the presence of the constructs as
well as the presence of particular proteases. In some experiments, the tumors are analyzed for the

presence and percentage of full length and cleaved constructs.

Some pharmacokinetic studies were catried owt according to the following method. CS7BL/6 female mice
were puichased from Charles River Laboratories and were 8-10 weeks old at the start of stady. MC38
tumor cells (5 x10° cells per mouse) were injected subcutancously into the right flank of each mouse.
Upon reaching ~100 mm’ sized tumors {day 0), the mice received a single 2 mg/kg intravenous dose of
the construct of interest (e.g., a non-masked parental {L.-2 polypeptide construct, a masked 1L-2
polypeptide construct, or a non-cleavable masked {L-2 polypeptide construct) in PBS. Constructs tested
include, for instance, AKG32, AKO%1, AK 111, AK167, AK16E, AK191, AK197, AK203, AK209, and
AKZ11. Plasma were collected at 5 min, days 1, 2 and 5 after dosing. Drug levels were determined using
ELISAs utilizing anti-human 1gG (clone M 1310GO35, Biolegend) as the capture antibody and various
detection antibodies. HRP or biotin conjugated detection antibodies against human IgG (ab97225,
Abcam) or CD122 (clone 9A2, Ancell) and IL-2 (Poly5176, Biolegend) were utilized to detect total and

non-cleaved drug levels, respectively.

FIGs. 18A-18D describe results from pharmacokinetic studics carried out, as described above, in turaor-
bearing mice using the constructs AK032, AKO81, AK11{ AK167. and AK168. as well as ananti- RSV
control. FIG. 18A provides a simplistic depiction of the structure of cach of the constucts tested. As
indicated, A 111 and AK168 are exemplary masked [L-2 polypeptide constructs. The AK167 and
AKI168 constructs include mutations (R38A, F42A, Y4SA, and E62A) that eliminate or reduce binding to
CD25. FIG. 18A shows Fo levels in plasma (ug/mb) by detecting human IgG, FIG. 18C shows Fe-CB122
levels in plasma (pg/mb) by detecting buman D122, and FIG. 18D shows Fe-1L2 levels in plasma

{rg/mL) by detecting human {L-2.

FiGs. 19A4-19D describe results from pharmacokinetic studies carried out, as described above, in tumor-
bearing mice using the constucts AK 167, AK191 AK 197, AK203, AK209, and AK211, as well as an

anti-RSY control. FIG. 19A provides a simplistic depiction of the structure of each of the constructs
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tested. As indicated, AK168, AK191, AK197, AK203, and AK209 arc exemplary masked -2
polvpeptide constructs that each inchude a different cleavable peptide sequence in the linker connecting
the {L-2 polypeptide o the half-life extension domain. FIG. 198 shows Fe levels in plasma (pg/mb) by
detecting human IgG, FIG. 19C shows Fc-1L2 levels in plasma (pg/mL) by detecting human 1L-2, and
FIG. 19D shows Fe-CD122 levels in plasma (pg/ml) by detecting human CD122. As shown in F1Gs.
198, 19C and 19D, the Fe levels, Fe-IL.2 levels, and Fo-CP122 fevels in the plasma are similar among the

masked 1L-2 polypeptide constructs tested.

Bipactivity in mice

The in vivo bioactivity of the masked fL.-2 polypeptide constructs gencrated in Example 1 is assessed in
vivo using mouse models, such as C5TBL/6 mice. Mice are treated with the constructs and invivo
bioactivity is assessed. {n some experiments, some mice are treated with controls for comparison. In
SOME cxperiments, soae mice are trcated with aldesleukin as a control for masked IL.-2 polypeptide
treatment. In some expenments, the mice that are treated have tumors. 1n sore experimenis, the mice that
are treated are turnor-free. In some experiments, the dose- dependent expansion of immune cells is
assessed in the mice. In some experiments, the mice arc treated with various doscs of a construct,
aldesleukin, or other control. In some experiments, the mice are treated over the course of two weeks.
Blood is collected from the mice at various time points and 1S then stained using antihodies to tumune
cell markers of interest. In some experiments, the longitudinal kinetics of the proliferation and expansion
of certain circulating cell tvpes, such as CD8+ T cells, NK cells,, and Treg cells, is also determined, as
well as the ratio of CD8+ T cells and MK cells to CD4+ CD25+ FoxP3+ Treg cells. In some experiments,
the mice are assessed for vascular leakage, such as by assessing for edema and lymphocyte infiltration in

certain organs like the fung and liver as determined by organ wet weight and histology.

In some studies, vascular leakage was assessed in order to assess potential toxicity-related effects
mediated by 1L-2 based therapies by performing the following method. Repeated dose toxicity studies
were conducted using C57BL/6 female mice that were purchased from Chatles River Laboratotes and
were 8-10 weeks old weightng 18-22 grams at the start of study. Groups of 5 mice recetved datly
intraperitoneal injections of masked and non-masked 1L-2 coustructs in PBS daily for 4 or 3 days. The
constiucts tested included AKOSYE, AK111, AK167, and AK168. A control antibody was also
administered as a control. Two hours after the last dose, all mice received an intravenous injection of 0.1
mi of 1% Evans blue (Sigma, cas# E2129) in PBRS. Tweo hours after Evans blue administration, mice were
anesthetized and perfused with 10 U/ml heparin in PBS. Spleen, lung and liver were harvested and fixed
in3 mi of 4% PFA 2 days at 4°C prior to measuring the absorbance of the supernatant at 650 nm with
NanoDrop OneC (Thermo Fisher Scientific, Waltham, MA) as an indicator of vascular leak of Evans
blhue. Fixed organs were embedded in paraffin, sectioned, and stained with hematoxylin and cosin.
Histopathological studies and quantification were carried out by NovoVita Histopath Laboratory, LLC,

{Alston, MA) according to standard procedures. FI1Gs. 25A-50D depict results from an in vive study as
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described above for assessing vascular leakage using the exemplary masked {L-2 polypeptide constructs
AKI11 and AK 168, as well as the non-masked HL.-2 polypeptide construcis AK081 and AK 167, and an
anti-RSY control. FIG.25A shows the percentage (%) of body weight loss, and FIGs, 258, 25C and 25D

shows the weight in grams of the liver, lung, and spleen, respectively, for each.

Vascular feakage as indicated by measuring the extent of dye leakage info tissues was also assessed for
the AKO81, AK 111, AK 167, and AK 108 constructs, along with an anti-RSV control, with results shown
in FI1Gs. 20A and 268 for the liver and hung, respectively. The extent of dye lcakage was measured based

on absorbance at 650nm.

Vascular leakage as indicated by measuring the extent of mononuciear cell perivascular invasion into the
liver and lung was also assessed for the AKOZ1, AK 111, AK167, and AK 168 constructs, along with an
anti-RBY conirol, with results showa in FiGs. 27A and 27B for the liver and fung, respectively. The
average nunber of mononuclear cells in the liver (F1G. 27A) and the average number of mononaciear
celis  inthe tung (FIG. 27B} depicted for each. As shown in FIG. 27R, for instance, the masked IL-2
polypeptide constructs AK 111 and AK 168 did not result in a detectable sumber of mononuclear cells in

the lung, unlike the non-masked constructs AK081 and AK167.

Enfilteating Impuine Cell Phenotype

The phenotype of inumune cells infiltrating tumors in vivo in mouse models treated with the masked [L-2
polypeptide constructs generated in Example 1 is assessed. Mice are treated with the constructs and the
phenotype of tumor-infiltrating ireune cells is assessed. In some experirpents, some mice are treated
with controls for comparison. Tn some experiments, some niice are treated with aldesleukin as a control
for reasked 1L.-2 polypeptide treatment. Mice bearing tumors are treated with a construct, aldesleukin, or
another contral, and turnors, tissues such as liver, lung, and spleen, and blood, are collected at various
time points following the initial dose, such as five days, seven days, or ten days after the initial dose. In
some experiraents, immune cells are isolated from the tumaors, tissues, and blood, and are subject {0
phienoty pic assessment vsing flow cytometry. In some experiments, the isolated immuine cells are
assessed using markers of interest, such as those for CD8+ T cells, Memory CD#+ T cells, activated NK
cells, CD4+ T cells, and CD4+ Treg cells.

In some studics, the phenoty pe of immune cells infiltrating tumors in vive was assessed using the
following method. C57BL/G female mice were purchased from Charles River Laboratories and were 8-10
weeks old at the siart of study. MU38 twmor cells (3 x10° cells per mouse) were injected subcutanecusly
into the right flank of cach mouse. Upon teaching ~100 mm’ sized tumors (day 0). the mice received a
single 2 mg/kg infravenous dose of the construct of interest {¢.g., a nos-masked parental 1L.-2 polypeptide
construct, a masked I1L.-2 polypeptide construct, or a non-cleavable masked 1L-2 polypeptide constmuct) in

PBS. On day 3, mice were euthanized by COZ2 asphyxiation and tumors, Hivers, spleens and blood were



n

3¢

WO 2021/202678

122

harvested. Cell suspensions were prepared from spleens by mechanical disraplion and and passing
through a 40 gm cell straiper. The tumor tissues were enzy matically digested using Miltenyi Tumor
Drissociation Kit reagents (Milteny: cat# 130-096-730) and the gentleMACS Bssociator (Milteny1) was
used for the mechanical dissociation steps. Red blood cells in the spleen and tumor cel suspensions and
blood were  lysed using ACK buffer (Gibeo cat# A10492). The cell suspensions were stained with the
following antibodies: CDB4S (clone 30-F11, eBioscience), CD3 {clone 2C11, Biolegend), CD8 (clone 53-
6.7, BD Biosciences), CD4 (clone RM-~45, BD Biosciences), FOXP3 (MF-14, Biolegend), CD25 (3(7,
Biolegend), CD44 (clone IM7, eBioscience), and NKpd6 (2941 4, cBioscience). Data acquisition was
carted out on the MACSQuant Analvzer flow cvtometer (Milenyi) and data were analyzed using the

Flowldo.

Results from studies testing the in vivo responses of CD4, CD8, NK, and Treg percentages in spleen,
biood, and tumor, as carried out as described above, usiog the AK032, AK081, AK111, AK167, and
AK168 constracts, as well as an anti-RSV IgG control, are shown in FIGs. 20A-20L. AK111 and AK 168

are exemplary masked H.-2 polypeptide constructs.

Results from studies testing the in vivo responses of CD4, CD8, NK, and Treg percentages in spleen,
blood, and tumor, as carried out as described above, using the AK167, AK168, AK191, AK197, AK203,
AKZ09, and AK211 constriets, as well as an anti-RSV IgG control, are shown in FlGs. 21A-211.
AK168, AK191, AK197, AK203, and AK20% are exemplary masked IL-2 polypeptide constructs that
each include a different cleavable peptide sequence in the Hnker connecting the [L-2 polypeptide to the
half-life extension domain. Statistical analysis was performed using One-way ANOVA as compared t0

the non-~ cleavable AK211 construct.

Results from studies testing the in vivo responses of CD4, CD8, NK, and Treg percentages in spleen,
blood, and tumor, as catried out as described above, using the AK235, AK 191, AK 192, AK193, AK210,
AKI89, AK190, and AK211 constructs are showan in FIGs. 22A-221.. AK191, AK192, AK193, AK210,
AKI89, and AK 190 are exemplary masked IL-2 polypeptide constructs that each include a cleavable
peptide sequence in the lnker connecting the [L-2 polypeptide to the hall-life extension domain. The
finker sequence also differs among these constructs, depending on the linker sequence utihized. AK189,
AKI90, and AK210 include an IL-2 polypeptide having a C123A mutation, and AK191, AK192, and
AK193 include an [L-2 polypeptide having CI125A, B38A, F42A, Y4SA, and E62A mutations. The
AK23S construct is 4 non-masked construct and the AK211 constract includes a non-cleavable linker
sequence. Statistical analysis was performed using One-way ANOVA as compared to the non-cleavable

AK211 construct.

Results from studies testing the in vivo T cell activation in spleen, blood, and tumor, as carried out as
described above, using the AK235, AKI91, AK192, AK193, AK210, AK189, AK190, and AK211

PCT/US2021/025107
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constructs, as described above, are shown in FIGs. 23A-231. T cell activation was measured as the mean
fluorescence intensity (MFD of CD235 in CD#+ T cells, CD4+ T cells, or Foxp3+ cells in the spleen,
blood, and turmor. Statistical analy sis was performed using Gue-way ANOVA as corpared to the non-

cleavable AK211 construct.

in Vive Cleavage

The in vivo cleavage of masked 1L-2 cytokine constructs (e.g., masked [L-2 polypeptide constracts) is
asscssed. In some studies, a control antibody is administered for comparison. In son studics, in vivo
cleavage 1s assessed by administering the construct of interest in 4 mouse and, after a certain period of

timne, capturing human IgG and then measuring the levels of, ¢.g., human IgG, D122, and 11-2.

In some studies testing the in vivo cleavage of masked I1-2 polypeptide constructs, drug levels (ie.,
levels of the administered constauct, inchiding cleavage byproducis) were determined using ELISAs
utibizing anti-human 12G (clone M1310GOS, Biolegend) as the capture antibody and various detection
antibodies. HRP or biotin conjugated detection antibodies against human [gG (ab97223, Abcam) or
CD122 {clone 9A2, Ancell) and [L-2 (Poly5176, Bislegend) were utilized to detect total and non-
cleaved drug levels, respectively. The concentrations of cleaved and released IL-2 is calculated by
subtracting non- cleaved (i.e., intact) from total drug concentrations. FIGs. 24 A-24D depict the results
from studies testing the in vivo cleavage of the exemplary masked 11-2 polypeptide constructs AK 168
(cleavable peptide sequence: MPYDLYHP) and AK209 {cleavable peptide sequence: VPLSLY, SEQ ID
NO: 15y, The AK167 construct is a cleavable non-masked [L-2 polypeptide construct that includes the
same IL- 2 polvpeptide as the masked AKI68 construct. As shown in FIGs. 24 A-24D, both the masked
{AK 168 and AK209) and non-masked (AK167) constructs were effectively cleaved, and both cleavable
peptide sequences were cleaved. FIG. 24E depicts results from a pharmacokinetic study of total plasma
IgG concentration {pg/ml.) for total Jevels of the AK167, AK 168, and AK289 constructs, and for levels

of non-cleaved forms of each construct.

Tumor Eradication and Inhibition of Metastasis
The ability of the masked IL-2 polypeptide constructs generated in Exarnple | to promoie tumor
eradication and {o infabit metastasis 1 assessed 10 vivo using mouse models, sach as syngeneic MC38,

{126, and B16F10 tumor models.

Mice are implanted with fumor cells subcutaneously, and tumors are allowed to grow to a palpable size.
Tumor-bearing mice are treated with the masked -2 constructs and tumor volume is measured over the
course of treatraont. In sopwe experiments, some mice are freated with controls for comparison. In some
experiments, some mice are freated with aldeslenkin as a control for masked IL~2 polypeptide treatment.
Tumor voluree is measured periodically  over the course of treatment. In some experiments, body weight

is also measured periodically overthe course of treatoent. In some experiments, plasma samples are
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produced over the coarse of the treatment and analy zed for pharmacokinetics, pharmacodynamics,
cleavage, and blood markers, such as those for CD8+ T cells, Memory CD8+ T cells, activated NK cells,
CD4+ T cells, and CD4+ Treg cells.

The capability of the masked 1L-2 polypeptide constructs to inhibit metastasis is also assessed invivo
using mouse models suitable for metastasis studies, such as svngeneic UT26 tumor models for assessing
lung metastasis. Mice are implanted with tumor cells susbeutaneously. In some experiments, (umoss are
allowed to grow to a palpable size prior to treatment. In some experiments, treatment begins before
fumors grow {o palpable size. Tumor-beanng mice are treated with the masked 11.-2 constnicts are

assessed for tumor cell metastasis into tissues such as lungs, liver, and lymph nodes.

In some studies, a syngeneic tumor model was used to assess the ability of masked IL-2 polypeptide
constructs to reduce tumor voluax 1o accordance with the following method. CS7TBL/G femalke mice were
porchased from Charles River Laboratories and were 8-10 weceks old at the start of study. MC38 tamor
celis (3 x108 cells per mouse) were injected subcutanecusly into the nght flank of each mouse. Upon
reaching ~125 mm3 sized tumors (day 0}, the mice were randomized to receive 2 mg/kg doses of AKOR1,
AK111, AK167, or AK168, or an anti-RSV antibody as a control, in PBS. Mice were dosed
intraperiioneally, three times a week for 6 doses. Tumor volume was calculated (Length®*(Width"2)/2)
using dial calipers and body weights were recorded twice weelly. FIGs. 28A and 28B show results froma
syngeneic tumor model study that assessed tumor volume and body weight over the course of treatment.
As shown in FIG 284, treatment using excmplary 1L-2 polypeptide constructs, including the masked
construcis AK111 and AKI6S, resulied in tumor growth inhibition over time as compared to the anti-
RSV control. As shown in FIG. 28B, there was a general lack of body weight reduction observed when

the mice were treated with the masked constructs AK111 and AK 168,

Bieactivity is cynomolgus monkeys

The in vive bivactivity of the masked H.-2 polypeptide constructs a generated in Example 1 is assessed in
vive in cynomolgus monkeys. Cynomolgus monkeys arc treated with the constracts and in vivo
bioactivity, pharmacokinetics, and cleavage is assessed. In some experiments, some monkeys are treated
with controls for comparison. In some experiments, some monkeys are treated with aldesleukin as a
control for masked {L-2 polypeptide treatment. In some experiments, the mornkeys are treated with
various doscs of the construct, aldesluckin, or other control. Blood is collected from the monkeys at
various time points and is then evaluated for certain cell types, such as CD8+ T cells, Memory CD8+ T
cells, activated NK cells, CD4+ T cells, and CD4+ Treg cells, and/or markers of interest, such as for the
dose-rosponse of total lvophocytes, Ki67+, and of soluble CD235. In some experiments, the longitudinal
kinetics of the proliferation and expansion of certain cirenlating T and NK cell fypes is assessed. Tn some
cxperiments, pharmacokinetics and cleavage of the masked TL-2 polypeptide constructs are determined by

ELISA, PAGE, and mass spectrometry.
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To test the safety profile of excraplary masked [L-2 polypeptide constructs in non-human primates, a dose
ranging study is performed in accordance with the following method. Groups of 3 healthy male
cynomolgus monkeys (Macaca fascicularis) are randomly assigned o receive a single intravenous bolus
dose of 2 ml/kg of activatable (i.c., cleavable) masked IL-2 polypeptide proteins or non-cleavable
masked IL-2 polypeptide proteins at 10, 30 and 100 nmol/kg in 100 mM sodium citrate buffer (pH 3.5},
Athird group receives the parental non-masked, cleavable protein at 3, 10 and 30 nmol/kg as a positive
control. This third group is dosed at a lower range to account for higher potency of the parental non-
raasked molecnies. Doses are calculated in moles to account for differences in molecular weight. Blood
samples arc collected before dosing and 1, 24, 48, 72, 96, 168, 264 and 336 hours post-dosing. An
automated hematology analyzer is used to monitor changes in lyraphocyic subsets and serum chemistry.
Tatal and intact (i.¢., non-cleaved) drug levels are measured from plasma using custom ELISA as
cscribed above. Soluble CD235 levels are measured with an ELISA (R&D systems, cat# DR2A00) o
monitor inmune stinudation. Plasma levels of inflammatory cytokines are quantified using custom
mudtiplexed electrochemiluminescence assay (Meso Scale Discovery). Blood pressure is monitored as an
indicator of vascular leak syndrome. PK is analyzed using an ELISA that captures [L-2 and detects

human F¢ and by an ELISA that captures buman Fe and  detects human Fe.

Exampie 4;

C37BL/6 female mice were purchased from Chardes River Laboratories and were 8-10 weeks old at the
start of study. MC38 tumor cells {5 xl(?s cells per mouse) were injected subcutancously into the right
flank of each mounse. Upon reaching ~100 pory sized tumors (day 0), the mice received a single high dose
intraperitoncal dose of various Fe-1L-2 constructs in PBS. Plasoa were collected at 5 min, days 3, Sand 7

atter dosing.

The constructs used are:

AK443
{(VPLSLY)
TL-2 dead
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AK211

AK235
(VPLSLY

AK209
(VPLSLY)

AK4T1
(VPLSLY)

FoRn mutant

Enmunophenoty ping was performed using a FACS-based method. Onday 3, mice were euthanized by

CO2 asphyxiation and tumors, livers, spleens and blood were harvested. Cell suspensions were prepared
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from spleens by mechanical disruption and and passing through a 40 pm cell strainer. The tumor tissues
were enzymatically digesied using Miltenyi Tumor Dissociation Kit reagents (Miltenyi catif 130-096-730)
and the gentleMACS Dissociator (Miltenyi) was used for the mechanical dissociation steps. Red blood
cells in the spleen and tumor cell suspensions and blood were lysed wsing ACK buffer (Gibeo cat#
A10492).

The cell suspensions were stained with the following antibodies: CD45 (clone 30-F11, eBioscience), CD3
{clone 2C11, Biolegend), CD8 (clone 53-6.7, BD Bioscicnces), UD4 (clong RM-~45, BD
Biosciences). Data acquisttion was carried out on the MACSQuant Avnalvzer flow cytometer (Milernvi)

and data were amalyzed using the Flowlo.

Drog levels were determined using ELISAs utilizing anéi-human IgG (clone M1310G0S, Biolegend) as
the capture antibody asd various detection astibodics. HRP or biotin conjugated detection antbedies
against human 1gG @b97228, Abcam) or CD122 (clone 9A2, Ancell) and 1L-2 (Poly3176, Biolegend)

were atilized to detect total and non-cleaved drug levels, respectively.

AKA7T with [253 A FeRa mutation induced robust CDS T cells expansion in the TME while remaining

inactive in the periphery as shown in Figures 29A and 29B8.

AK471 has slightly shorter half-life cormpared to aglvco-higGl as shown in Figures 30 A, B and C.

There is no evidence of cleavage or decapitation with AK471 in the plasma (Figores 31 A, B and C).

Exampie S; 11.-12 Heteroalkusion

Cleavage and binding {o recombinant ¥L-12Receptors, HL-12ZRb 1 and IL-12Rb2 by SPR:

Sensor Chips were coated and immobilized with [L-12 receptors. Dilutions of IL-12 constructs were
flowed over the chips with the immobilized 1L-12 receptors to determine the on rate at 25 degrees C. At
equilibrivm (approximately 3-4 minutes), the flow buffer was changed to PBST, to determine the off rates
over © mimtes. Between each run the chip was regenerated. The tables represent the SPR data (Figires
34 and 35). ND is for "not determined” as the masking of the IL-12 prevented binding to the receptors;

therefore, binding numbers were not able to be determined.

Testing FL~12 molecules with HEK-Blue IL-12 celi

HEK-Blue TL-12 repotter cells developed by Invivegen have been specifically designed to monitor the
activation of the JAK-STAT patbway. These cells were gencraied by stable transfection of HEK293 ¢ells
with the human , IL-12R$1, and IL-12ZRP2 genes, along with the human JAKZ and STAT4 genes to
obtain a fully functional .-12 signating pathway. In addition, a STAT4-inducible SEAP reporter gene
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was also inlroduced. Upon stumolation, HEK-Blue™ IL-12 cells trigger the activation of STAT4 and the
sabsequent secretion of SEAP. The levels of STAT4-induced SEAP can be readily monitored using
QUANTE-Blue™ HEK-Bluell-12 cells can be used to validate the functionality, toxicity, and variable
dosage eifects of hmman or murine 1L-12. HEK Blue 1L-12 cells were grown in passage media until
~80% confluent. Washed single-cell suspension in assay media was plated and serial dilutions of 1L-12
molecules tn assay media were added to cells. Flate was incubated at 37 oC for 24 hours. Affer 24 &,
Cuanti-Blue solution (Invivogen) was prepared and cell supematant was added to the Guanti-Blue
solution and incubated for 1-2 hat 37 oC. Absorbance at 625 nm measured. Data analysis was performed
in Graphpad Posm, version 8.3, Background was subtracted from raw data and the data were it
nonlinearly: [Agonist] vs. response — Variable slope (four parameters). EC30 valuc of each 1L.-12

construct was K‘CpOI{Gd,

Example 6

This example investigates whether mutation of GAG-binding domain on 1L-12 constracts alter PK, two
GAG-binding mutant vardants (AK600 and AK601) was compared to WT TL-12 construct (AKS98) in
C57BL/6 non~tuior bearing mice. AKG600 has a KDNTERV and AK601 has a KDNTEGRV GAG-

binding domain mutants, respectively.

AKS598, AK600 and AK601 all have the following constrict strcture:

The animals were single dosed at either | or 10 mg/kg through i v injection. Plasma drug levels were
measored using homan Fe capture (Southern Biotech IgG cat#2049-01 Goat Anti-Human IgG, Monkey
ads-UNLEB) homan Fe detect(ab97223) and/or human Fe capture/ anti-human 1L-12(ab83448) detect
ELISA
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Actual
M.W. [Apprx. Dosing Dosing {Actual Dosing Batch
,,,,,,,,, . TestMolecule ~ {GAG mutant} (kDa) {mglkg loles . {mglka) | information |

1 AKS00 KDNTERV 143.8 10 02A
2 AKS00 KDNTERV 143.8 i 02A
3 AKS801 KDNTEGRY 143.9 10 01A
4 AK601 KDNTEGRY 143.9 1 01A
5 AK598 WT 144.3 10 02A
8 AKS98 WT 144.3 4 02A

It was found from ELISA that GAG-binding rndation from both AK60G0 and AK601 tmaproves drug
exposure in Cmax and AUC compared to AKS598. No differenice in PR profiles was observed between
AKO00 and AKG0T, Both AKAGO and AK601 have similar hatf-life as AK3598, which is about 2 days.

n

Results are shown in Figure 36-40.

Exampie 7

16
Free cysteine residues can cause intermolecalar cross-linking and aggregation. This example tests whether
amino acid mutations of Cysteine t0 Serine has an effect on aggregation and stability.

The following constrasts were vsed in this example:

Cytokine 1L-12 !L-’EZ -1 2 12 _
Scaffold Clamp Clamp Clamp Clamp
Mutation  WT  c242s  C2528  c2425/

Sequences for AK386, AK604, AKGUS and AKGO6 are in the sequence table in Section 10,

20 Proteins were incubated with the indicated buffer at 40C for 3 davs or 12 days. Then the molecuics were

analyeed by HPLC sirze exclusion chromatography and by SDS-PAGE and Coomassie staining.
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Atday 3, only enough aggregation was present to rank stability in 2 buffer conditions, where AK606 ranked
the best. Trend owards being more stable with Cys - Ser muatations. At day 12, AK606 ranked the best in
6 additional buffer conditions. Cys > Ser mutations appear (o confer stability. SDS-PAGE shows Cys242

canses more covalent aggregation than Cys25Z. Day /12 shown, AK386 and AKGOS5 show much more

5 covalent aggregation than AK604 and AK6U6.
Results are shown in Figures 41-43.
Example 8
16
This example demonstrates the masking and cleavage of exemiplary IL-12 constructs.
The following constructs were used in this example:
15
AKE63
TN
RMRYDLYHR DEGBFMLT : RASAVKER : 1SSELESGBRE
AR
NN
e
20

AKG671 is an unmasked molecule, AK663 does not comprise a cytokine, and AK664 is non-cleavable. These

three molecules serve as controls.
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The cleavage peptide for cach construct is show at the top of each column,

AKE66, AK66T, AK918, AK920 and AK66Y are “version 17 constructs. AKE65, AK668, AKS19, AK921,
AKET0 are version 27 constructs. AKOZ4, AK922, AK92S and AK 923 are ‘version 3’ constructs.

The cleavable linker (protease site linker), i.e. between the HL2 and the IL-12 donain, and the non-
cleavable linker (b2 receptor linker) between HE 1 and the masking moiety for each version is shown below:

5
4

%

Where apphicable, all of these constructs comprise a KDNTEGRY mdation to the GAG binding domain
of the IL-12p40 subunit, a C2528 mutation of the {1-12p40 subunit, and a C2428 mutation of the 1L-12RB2

domain. Exact sequences for each construct are shown in the sequence {ables in Section 10,

i} Ex vive cleavage assav (WEBAL-12 sienalling}

TuM of [L-12 construct were incubated with 90ul of conditioned media overmght or 90ul of plasma, for
the following times (41-d2-d4-47-d9-d11) at 37C. The cleavage rate is calculated as a ratio of: cleaved
construct/ (cleaved construct -+ intact construct), using a western blot anti-human 1L-12 and anti-haman L~
12Rb. The activation of these constructs by human tissue conditioned media is assessed using a post-IL-12
receptor signalling assay where ¢.05x106 HEK-Bhie cells are incubated with 37.5nM of constoucts, for
24k,
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%

2
2

N
N

T

N
NN

Incubation of IL-12 constructs: N

80kDa 80kDa

Fluorescent triptex WB:

Results are shown in Figure 44 and in the tables below.

Molecules with the following cleavage sites exhibited readily detectable cleavage in the tumor supernatants:
- RAAAVKSP
- ISSGLLSGRS
- MPYDLYHP

10 The cleavage sites sepsitivity was observed in the following order:

RAAAVKSP>ISSGLLSGRS>MPYDLYHP

Therefore, the 1L-12 constructs that hadbor these cleavage sites represent good candidates for tamor
15 selective activation in RCC and other types of cancers.
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Cutoff 1%, n=30

ISSGLLSGRS ISSGLLSGRS
AKGEY  AKOTO  AKSZZ AKS23  hnees  AKe7a  AK922  AKED3
# of samples with =1% Gleavage, activity 2 & z 2
Freguency of cleavage, activation (%) 8.7 186.7 6.7 8.7 1;@ 330 ;3 ZS -
%% Activation (Medign) 85 1.8 58 &2 17 7.9 58 12
RAAAVKSP RAAAVKSP

AKI20 - AK921 - AKS24  AKS25 AKg20 - AKS21  AKIZ4 - AK925

# of samples with 1% Cleavage, activity 7 4 3 3 7 5 6 7
Fraquency of cleavage, activation (%} 233 133 10.0 10.0 233 167 200 233
% Activation (Median) 1.8 20 136 28 19 25 1.8 1.7
MPYDLYHP MPYDLYHP
AKS67  AKE6B AKGET  AK668
# of samples with »1% Cleavage: activity 2 2 5 8
Freguency of cleavage; aclivation {%) 6.7 6.7 16.7 26.7
% Activation (Median) 2.3 27 15 17
VPLSLYSG VPLSLYSG
_ . hKeSS  AKESE AKGES  AKEGE
# of samples with >1% Cleavage, activity 7 1
Frequency of cleavage, activation (%) 23 3 27,. 1‘2
% Activation (Median) 25 1 2',:1‘ 48
DSGGFMLT DSGGFMLT
AKS18  AKD19 AKS18  AK919
3 5
# of samples with > 1% Cleavage; aciivity 5 4 40 37
Frequency of cleavage, activation (%) 17 13 47 1.3
% Activation {Median} 1.8 2.1
i) In vitre cleavage analysis: HEK Blue I1-12 and SDS-PAGE analysis
20
Testing IL.-12 molecules with HEK-Bhie 1L.-12 cells:
HEK-Blue H.-12 reporter cells developed by Invivopen have been specifically designed to monitor the
activation of the JAK-STAT pathway. These cells were generated by stable wansfection of HEK293 cells
25 with the human 1L-12Rp1 and IL~12RP2 genes, along with the human TyK2, JAK2, and STAT4 genes to

obtain a fully functional 1L-12 signaling pathway. In addition, a STAT4-inducible SEAP reporter gene was

also infroduced. Upon stimulation, HEK-Blue™ [1L.-12 cells frigger the activation of STAT4 and the
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sabsequent secrotion of SEAP. The levels of STAT4-induced SEAP can be readily monitored using
QUANTI-Blue™ HEK-Bloe IL-12 cells can be used to validaie the functionality, toxicity, and vanable
dosage effects of human or murine 1L-12, HEK Bhue 1L-12 cells were grown in passage media until ~80%
confluent. Washed single-cell suspension in assay media was plated and serial dilutions of IL~12 molecules
in assay media were added to cells. Plate was incubated at 37 oC for 24 h After 24 h, Quant-Blue solution
{Invivogen) was prepared and cell supernatant was added to the Quanti-Blue solution and incubated for 1-
2 hoat 37 o, Absorbance at 625 nm measured. Data analysis was performed in Graphpad Prism, version
8.3, Background was subtracted from raw data and the data were fit nonbincarly: [Agonist] vs. response —

Variable slope (four parameters). EC30 value of each 1L-12 construct was reposted.

Masking:

Results are shown in the tables below and i Figures 43, 46A and B.

KKeT R /A SR NIA CUNIA
hit-12 96 NIA 82 A N/A
SAK3Be Ul AT : 194 GaeT B 148 LAt
AK664 null 1854.0 75.2 1677.0 68.0 718
TAKBRS RO Ko 539 Hdder 505 gy
AKBE6-D1A null 17750 72.0 20090 815 768
S AKBBE02A nul LolnamoRg 700 Soassza 824 e
AKE67 null 31040 125.9 2035.0 826 1042
AKeBE R R : 561 TS B56 iisaE
AKBES nul ‘ 8956 363 _ 1193.0 484 ‘ 424
CAKETG Ul CETARG 30 R 358 B
AKS22 null 11830 480 11010 447 483
ARGl Gaser 634 18R 4D : 558
AKS18 null 28850 117.4 3116.0 1264 1217
AKIAS rial : 12300 495 : 14750 nag : 549
AK920 null 1116.0 453 1116.0 453 453
Akg2iinalii : 1epEa : Bia ' 13520 sy : Blg
AK924 nul 1038.0 418 766.4 311 364
ARS8 Rl : 9954 ana : 914 ey : 387

Parental AK671 is less potent than rhil-12 (but not significantly, ie. 3-fold). All masked constructs are
more akinded than AK386. AK667 and AK 918 are both >100-fold akluded.

As compared to AK386, the sew molecules that have the GAG-binding domain mutation, the cysteines to
sennes mutations, new optimized linkers, as well as different cleavage sites, afl exhibit improved masking.

Cleavage:

Cleavage of the constructs was testing using exemplary proteases MMP7, 9 and 10
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Total construct deaved,

A D Protedn Lol 300 nyy MNEP g
Al AREG3-C1A 7 b1
ARGED AKBBA-CIA 7 14.8
AKBEE AKGRS-01A 7 a8
AKBRE AKEEE-CTA 7 14.3
AKBBY-CIA 10 4.9
AKBEE AKEER.CTA 49 148
AKBRG AKBEE-01A 2 14.3
ARG7C AESTC-CTA & 4.8
AKBT ARGTH-01A 7 1.3
AKIRE AKIBE-LIA 7 14.9
AKBT4 AKS74-C1A 7 RN

Results are shown in Figures 47A-B and 48A-K

Batch 2

AKID Profein Lot # 30 ng MNP ozl ’"’"”g“g fenved,
AKEBT AMBET-014 7810 14.86
AKSTH AKETED1A 73,16 4131
AK918 AKS1S-01A 7 14,84
AK912 AKS1G-01A 7 1485
AKSZC AHG2G.014 s 14.33
ARSZY AKO24-D1A 8 1454
AK326 AKEE-09A 7 12,90

Results are shown in Figures 49A-B and 50A-G

Batch 3

AK 10 Pratein Loh & 300 ng MMV Tolat construct sleaved, g
AKEEE AK2E6-04A 7,10 4.9
AKBZ2 AKGZ2-G1A 7 4
AKO23 AKBZ3-014 7 4.9
) RN
AKD23 10 4.9
BXBTY A NAA

Results are shown in Figures 51 and S2A-E

PCT/US2021/025107
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Overall, the new molecules with different cleavage sites are all susceptible to MMP cleavage in vitro. For
all the molecules, there is a restoration of activity post cleavage. These compounds represent good
candidates for tumor selective activable IL-12 molecules.

Example 9
i, Cleavage of peptides by NAT vs. RCC culture supernatant

16 Secquences conprising cleavage peptides (shown in bold below) were incubated in cither "NAT® (Normal
Adjacent Tissue) or ‘RCC’ (Renal Cell Carcinoma) culture supernatants, o test the specificity of each

peptide’s cleavage.

Ta this end, peptide sequencing by mass spectrometry was used to identify cleaved fragments produced

15 for the synthetic peptides shown in the table below, using a published technique calied multiplexed
substrate profiling by mass spectrometry (MSP-MS) (O Donoghue AL et al. Nat Methods. 2012
Nov;9(11):1095-100.) Cleavages were monitored in these reactions over tinwe, and the peptides found to
be cleaved inthe cadiest time poiots were deemed 1o be most seasitive to proteolytic activity in the

condittoned media sampies.

20
Resulis are as follows:

Subsitate Syuathetic Peptide Sequence NAT RCC Earliest Earliest
(bolded sequences show the cleaved cleaved
cleavable peptide; * mndicates time point | time point
cleavage site) -NAT -RCC

AK-15 RSGVPLS*LYSGSGGGK it 3/5 15min

AK-18 RSGMP*YBLY*HPSGE 5/5 5/8 1 5min 15min

AK-21 RGPBSGGI*ML*TSCGK 3/5 5/3 15min 15mmn

AK-28 RGSGHEQLTVIGGSK [ 4

AK-49 REGR*AAAVKSPSGK 0 3/5 13-60~

240min

AK-02 RGSGISSGLLSGRS*D*N*HSGK | 5/5 5/5 15-60min_{ 15-60min

AK-50 RGBLLAVYVA*ASGGK 0 5/5 15-60min

AK-88 RGOISSGLL*SG*RSGE 0 5/5 15-60min

Cleavage peptides DLLAVVA*AS and ISSGLL*SG*RS were found to be the most specific. Sequences
coraprising these peptides did not cleave in the NAT culture, but cleaved in every run in the RCC culture.
25

Exampic 18

The following constructs were used in this example:
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Detatls on the domain features and sequences of each AK molecule is as follows:

PCT/US2021/025107

AKS0
4

1% polypeptide
chain:

Fe(Hole)

DKTHTCPPCPAPELLGGPSVFLFFPKPKDTLMIS
RIPEVTICVVVDVSHEDPEVKENWYVDGVEVH
NAKTKPREEQYASTYRVVSVLTVLHODWLNG
KEYKCKVSNKALPAPIEKTISKAKGQOPREPQVC
TLPPSRDELTKNQVSLICAVKGFYPSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLVSKLTVDK

SRWQOGNVFICSYMHEALHNHEYTOKSLSLSPGK

DNAILS
8

2 polypeptide

chaire

Felknob}-iL 15
Vi Nog-
cleavable
(N71Q. N79Q)

DKTHTCPPCPAPELLGGPSVFLEFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVKINWY VD
GVEVHNAKTKPREEQYASTYRVVSVLTVL
HODWLNGKEYKCKVINKALPAPIEKTISKA
KGOPREPOVYTLPPCRDELTENQVSLWCLY
KGFYPSDIAVEWESNGOPENNYKTTPPVLD
SDGSFFLY SKLTVDESRWQOQGNVESCSVMHE
ALHNHYTQKSLSLSPGGGSSPPGGGSSGGGSG
PSGSPONWYNVISDLEKIEDLIQSMBIDATLY
TESDVHPSCKVTAMKCFLLELQVISLESGDAS!
HDTVENLILAQNSLSSNGOVTESGCKECEEL
EEKNIKEFLQSFVHIVOMEINTS

AK904
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AKSL

1™ polypeptide

chain:

Fe(Hole)
CD22¢C1228,
C168S)

DKTHTCFPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPRE
EQYASTYRVVSVLTVLHOQDWLNGKEYKCKVSNKAL
PAPIEKTISK AKGQPREPQVCTLPPSRDELTKNQVSLS
CAVKGFYPSDIAVEWESNGOQPENNYKTTPPVLESDG
SFFLVSKLTVDKSRWOQOQGNVFSCEVMHEALHNHYTOQ
KSLSLSPGPGSGSAVNGTSQFTCFYNSRANISCYVWSC
DGALDQDTSCOVHAWPDRRRWNQTCELLPVSQASW
ACNLILCGAPDSQKLTTVDIVILRVLCREGVRWRVMA
IODFKPFENLRLMAPISLOVVHVETHRSNISWEISQAS
HYFERHLEFEARTLSPGHTWEEAPLLTLKOKOQEWIS
LETLTPDTQYEFQVRVKPLOGEFTTWSPWSQPLAK
RTKPAALGKED

DNA44

2% polypeptide

chain:

Felnoby-1L18
Vi Noti~
cleavable
(NT71(, N790%)

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTL
MIBRTPEVICVVVDVSHEDPEVKINWYVD
GVEVHNAKTKPREEQYASTYRVVSVLTVL
HODWLNGKEYKCKVSNEKALPAPIEKTISKA
KGQPREPQVYTLPPCRDELTKNOQVSLWCLY
KGFYPSDIAVEWESNGOPENNYKTTPFVLD
SDGSFFLY SKLTVDKSRWOQOGNVFSCEVMHE
ALHNHYTOKSLSLSPGGGSSPPGGGSSGGGRG
PSGSPGNWVNVISDLKKIFDLIQSMHIDATLY
TESDVHPSCKVTAMKCFLLELQVISLESGDAST
HDTVENLHLAQNSLSSNGQVTESGCKECEEL
EEKNIKEFLOSFVHIVOMEINTS

DNASO
4

AK93

2

1% polypeptide

chain:

Fe(Hole)
CD122(C1228,
C1685)

DETHTCPPCPAPELLGGPSVELFPPEPKDTLMISRTPE
VTCYVVDVSHEDPEVEFNWY VDGVEVHNAKTKPRE
EQYASTYRVVSVLTYLHODWLNGKEYKCKVSNKAL
PAPIEKTISK AKGOPREPQVCTLPPSRDELTKNQVSLS
CAVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDG
SFFLVSKLTVDKSRWQOGNVFSCSVMHBEALHNHYTQ
KSLSLSPGPGSGSAVNGTIQFTCFYNSRANISCVWSQ
DGALQDTSCOVHAWPDRRRWNQTCELLPVSQASW
ACNLILGAPDSQKLTTVBIVILRVLCREGVRWRVMA
IQDFEPFENLRLMAPISLOVVHVETHRSNISWEISQAS
HYFERHLEFEARTLSPGHTWEEAPLLTLKQEOQEWIS
LETLTPDTQYEFQVRVEKPLOGEFTTWSPWSOQPLAF
RTKPAALGKD

DNA44
0
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7™ polypeptide | DKTHTCPPCPAPELLGGPSVELFPPKPEDTLMISRTPEV | DNAS?
chain: TCVVVDVSHEDPEVKENWY VDGVEVENAK TKPRER 4
OYASTYRYVSVLTVLHODWLNGKEYKCKVSNKALP
Fe(knob)- APIEKTISK AKGQPREPQVYTLPPCRDELTKNQVSLW
IDLLAVVAAS | CLVKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGS
[BIRE FFLYSKLTVDKSRWOQONVFSCSVMHEALHENHYTOKS
(N7TIQ,N79Q) | LSLSPGSGSBLLAVVAASSGPGSGNW VNVISDLKKIE
DLIQSMHIDATLY TESDVHPSCKVTAMK CFLLELQVISL
*cleavable ESGDASIHDTVENLILAQNSLSSNGQVTESCCKECEE
peptide bolded | LEEKNIKEFLQSFVHIVOMFINTS
AK93 | 1% polypeptide | DRTHTCPPCPAPELLGGPSVFLFPPKPRDTLMISRT DNAB2
8 chaia: PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK 2
TKPREEQYASTYRVVSVLTVLHQDWLNGKEYK.
Fo(hole) CKVSNK ALPAPIEKTISK AKGOPREPQVCTLPPS
[DLLAVVAAS | RDELTKNQVSLSCAVEGFYPSDIAVEWESNGO
1-CD122 PENNYKTTPPVLDSDGSFFLVSKLTYVDKSRWQQ
GNVFSCSVMHEALBNHYTOKSLSLSPGSGSPSGR
*cleavable LLAVVAASSGPGSGSPAVNGTSQFTCFYNSRANISC
peptide bolded | VWSODGALQDTSCQVHAWPDRRRWNQTCELLPV
SQASWACNLILGAPDSQKLTTVDIVILRVLCREGVY
RWRVMAIQDFEPFENLRLMAPISLOVVEVETHRSN
ISWEISQASHYFERHLEFEARTLSPGHTWEEAPLLTL
KOKQEWISLETLTPDTQYEFQVRVKPLOGEFTT
WSPWSOFLAFRTKPAALGKD
2% pelypeptide | DE THTCPPCP APELLGGPSVFLFPPEPKDTL DNAGS
chain: MISRTPEVICVVVDVSHEDPEVEFNWY VD 4
GVEVHNAKTKPREEQYASTYRVVSVLTVL
Fe(knob)-IL15 | HODWLNGKEYKCKVSNKALPAPIEK TISKA
Vi Noo- | KGQPREPQVYTLPPCRDELTKNQVSLWCLY
cleavable KGFYPSDIAVEWESNGOPENNYKTTPPVLD
(N71Q,N79Q) | SDGSFFLYSKLTVDKSRWQQGNVFSCSVMHE
ALHNHYTOKSLSLSPGGGSSPPGGGSSGGOSG
PSGSPGNWVNVISDLKKIEDLIQSMHIDATLY
TESDVHPSCKVTAMKCFLLELQVISLESGDAST
HDTVENLILAONSLSSNGOVTESGCKECEEL
EEKNIKEFLQSEVHIVOMFINTS
AK93 | 1% polypeptide | DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTFE DNA4
0 chain; VTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPRE
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chain:

MISRTPEVICVVVDVSHEDPEVKENWY VD
GVEVHNAKTKPREEQYASTYRVVSVLTVL

Fe(Hole) EQVASTYRVVSVLTVLHODWLNGKEYKCKVSNKAL |0

CDI22(C1228, | PAPIBKTISKAKGOPREPQVCTLPPSRDELTKNQVSLS

C168%) CAVKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDG
SFFLVSKLTVDKSRWQOQGNVFSCSVMHEALHNHYTQ
KSLSLSPGPGSGSAVNGTSQFTCFYNSRANISCYWSQ
DGALODTSCOVHAWPDRERRWNQTCELLPVSQASW
ACNLILGAPDSQKLTTVDIVILRVLCREGVRWR VMA
IODFKPFENLRLMAPISLOVVHVETHRSNISWEISQAS
HYFERHLEFEARTLSPGHTWEEAPLLTLKOQKCQEWIS
LETLTPDTOYEFQVRVKPLQGEFTTWSPWSQPLAF
RTKPAALGED

24 polypeptide | DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISR DNAS2

chain: TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA 2
KTKPREEQVASTYRVVSVLTVLHQDWLNGKEY

Fo(knob)- KCKVSNKALPAPIEK TISKAKGQPREPQVYTLPP

[[SSGLLSGRS] | CRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQ

-[L15 PENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQ

(NTIQNTOQ) | GNVFSCSVMHEALHNHYTQOKSLSLSPGGGS3GGS
PISSGLLSGRSSGPGSGSNWVNVISDLEKIEDLIQSMH

#cleavable HATLY TESDVHPSCK VEAMKCFLLELQVISLESGDA

peptide bolded | SIHDTVENLILAQNSLSSNGOVTESGCKECFELE
EENIKEPLOSFVHIVOMFINTS

AK93 | I polypeptide | DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP DNAS2
6 chain: EVICVVVDVSHEDPEVKFNWY VDGVEVHNAKTE 3

PREEQY ASTYRVVSVLTVLHODWLNGKEYKCKVS

Fefhole) NEKALPAPIFKTISKAKGOPREPQVCTLPPSRDELTKN

[ISSGLLSGRS] | QVSLSCAVEKGFYPSDIAVEWESNGOQPENNYKTTPPY

0122 LDSDGSFFLVSKLTVDESRWQQGNVESCSVMHEAL
HNHYTQKSLSLAPGGPPSGSSPISSGLLSGRSSGGGAV
NGTSQFTCFYNSRANISCVWSODGALQDTSCOVHAW
PDRRRWNQTCELLPVSQASWACNLILGAPDSQKLT
TVDIVTLRVLCREGVR WRVMAIQDFKPFENLRLMA
PISLOVVHVETHRSNISWEISQASHYFERHLEFEAR
TLSPGHTWEEAPLLTLKQKQEWISLETLTPDTQYE
FOVRVKPLOGEFTTWSPWSQPLAFRTKPAALGKD

2% polypeptide | DKTHTCPPCPAPELLGGPS VELFPPKPEDTL DNASE
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Fo(knob)-IL15 | HODWLNGKEYKCKVSNKALPAPIEKTISKA 4
Vi Mon | KGOPREPQVYTLPPCRDELTKNQVSLWCLY
cleavable KGFYPSDIAVEWESNGOPENNYKTTPRVLD

(NT1Q, N790) | SDGSFFLYSKLTVDKSEWOQOGNVESCSVMHE
ALHENHYTOKSLSLSPGGGSSPPGGGSSGGGSG
PSGSPOGNWVYNVISDLEKIEDLIQSMHIDATLY
TESDVHPSCKVTAMKCFLLELOQVISLESGDAST
HDTVENLIEAQNSLSSNGOQVTESGCKECEEL
EEKNIKEFLOSFVHIVOMEINTS

Importantly, AK932 and AK930, and thetr "fipped’ coonterparts AK938 and AK936 include a peptide
substrate (the sequence of which is depicted in the box above each molecule and bolded in the sequence
§  table table). AK904 is a non-cleavable vamasked cosstruct, and AKY10 is a nop-clcavable masked

construct, both acting as negative controls.

The above AK molecudes inclade an 1L-15 domain, however it will be appreciated that however the resalts
and conclusions of this data are equally relevant for IL-2 constructs.
16

Cleavage was achieved for masked constructs including a peptide substrate.
Constrcts were incubated with MMP7, 9 and 10. Cleavage for cach construct was analysed by SDS-PAGE
and confirned by HEK-Blue 1L.-2 bioassay.

15 The HEK-Blue assay was carried out as follows:

Conditions: Cell plate: 96 well plate. Cell density: 50K cls/well. Time point for HEK Blue detection were

tested: Th. Construct number: Total 14 constmcts that were tested.

26 Assay Flow chare:
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The results are shown in the table below, where & ‘X indicates not fully cleaved and a vV’ indicates

cleavage:
i MME L Cleavare
AK904 7 X
9 X
10 X
AKS10 7 X
9 X
10 X
AK932 7 A
9
10 -
AK93% 7 N
S -
10 -
AK930 7 (36hr} M
Q -
10 -
AKD36 7 v
Q -
10

The specific ECso readout results from the HEK-Bhue IL.-2 bioassay are shown in the table below,

. MMP ECS0 (pM) Max
AK904 (1:1:2) 14,78 144
7 17.08 137
9 16.00 143
10 22,93 143




[
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2403.11 1.22
930 1.43

AKS32 (LE2)

30

et D

AKS30 (1:1:2) - 1838.76 1.22
8.00 1.41
9 ~ ~

-3

The SDS-PAGE gel results are shown in Figures 33A-D. The HEK-Blue §1.-2 bipassay resulis are shown
in Figares 54A-F.

Example 11

To understand the pharmacokinetic and pharmacodypaouc profile of exemplary tumor-targeted bybnd
murinized molecudes in vivo, three molecules constructed with buman Fo and mouse 1L-12 with different
cleavage sites were tested.

AKMAMPYDLYHP), AK94S5(ISSGLLSGRS), AKM7(RAAAVEKSP) were used in 2 tumer models,
MB49 and B16F10, and parental AK 248 without masking was osed as control.

Details of the constructs used in this exanple are as folows:

MPYDLYHP ISSGLLSGRS RAAAVKSP



W
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Sequences of the mature mouse IL-12 p40 and [L-12 p35 subunits, and mouse 1L-12R masking moiety used
in the molecules are as follows:

Mouse TL-12 pd0 subunit;
MWELEKDVYVVEVDWTPDAPGETVNLTCDTPEEDDITWTSDOQRHGVIGSGKTLTITVKEFLDA
GOYTCHKGGETLSHSHLLL HKKENGIWSTEILKNFEKNKTFLECEAPNY SGREFTCSWLVORNMDL
KFNIKSSSSSPRSRAVTCGMASLSAEE VTLDORDYEKYSVSCOQEDVTCPTAEETLPIELALEARQO
NKYENYSTSFFIRDHKPDPPKNLOMEPLKNSQGVEVSWEYPDSWSTPHSYFSLKFFVRIQRKKEK
MKETEEGCNQRGAFLVEKTSTEVQURKGONVCVQAQDRY YNSSCSKWACVYPCRVRS

Mouse IL~12 p35 subumit:

RVIPVSGPARCLSQSRNLLETTDDMVKTAREKLKHYSCTAEDIDHEDITRDOTSTLKTCLPLELH
KNESCLATRETSSTTRGSCLPPQRKTSLMMTLCLGSIYEDLKMYQTEFQAINAALQNHNHQOILD
KGMLVAIDELMOSLNHNGETLROKPPVGEADPYRVEMKLCILLHAFSTRVVTINRVMGYLSSA

Mouose IL-12R masking moeity:
LYHPSGPMWELEKDVYVVEVDWIPDAPGETVNLTCDTPEEDDITWTSDQRHGVIGSGRTLTITY
KEFLDAGQYTCHKGGETLSHSHLLLHKEENGIWSTEILKNFENKTFLKCEAPNYSGRFTCSWLY
QRNMDLKFNIKSSSSSPDSRAVTCOMASLSAEKVTLDORDYEKYSVSCOEDVTCPTAEETLPIED
ALEARQONKYENYSTSFFIRDIKPDPPKNLOMKPLKNSQVEVSWEYPDSWSTPHSYFSLKFFVRI
QREKEKMKETEEGONQKGAFLVEKTSTEVOCKGGNYCYQAQDRYYNSSCSKWACVPCRVRSG
GGGSGGEGSGGGORRVIPVSGPARCLSQSRNLIKTTRDDMVKTAREKLKHY SCTAEDIDHEDITR
DOTSTLKTCLPLEE HKNESCLATRETSSTTRGSCLPPOKTSLMMTLCLGSIVEDLKMYQTEFQAIN
AALONHNHQOULDEGMLVAIDELMOQSLNENGETLROKPPVGEADPYRVKMKLCILLHAFSTRY
VTINRVMGYLSSA

Full sequence information for cach molecule is shown in the table below {cleavable linkers shown in bold,
non-cleavable linkers shown in undetding):

AKY44 | 1% polvpeptide DEKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISR DNASGS
chain TPEVTCVVVDVSHEDPEVEFNWY VDGVEVHNA
KTKPREEQYASTYRVVSVLTVLHODWLNGKEY
Hole: hFc KCKVSNKALPAPIEKTISKAKGOPREPQVCTLPPS
(NZ97 A} RDELTKNQVSLSCAVKGFYPSDHAVEWESNGQP

mouselLI2RB2 | ENNYETTPPVLDSDGSFFLVSKLTVDKSRWOQG
NVFSCSYMHEALHNHYTOQKSLSLSPGGGSGGG
SONIDVCEKLGTVTVOPAPVIPLGSAANISCSLNP
KOGCSHYPSSNELILLEKFYNDVLVENLHGKKVH
DHTGHSSTFQVTNLSLGMTLFVCKLNCSNSQKK
PPVPVCGVEISVGVAPEPPONISCVQEGENGTV
ACSWNSGEVTYLKTNYTLOQLSGPNNLTCORKQC
FSONRONCNRLDLGINLSPDLAESRFIVRVTAL
NDELGNSSSEPHTEFTFLDIVIPLPPWDIRINFLNA
SGSRGTLOWEDEGQOVVLNQLRYQPLNSTSWNM
VNATNAKGKYDLRDLRPFTEYEFQISSKLHLSG
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GSWSENWSESLRTRTPEE

2" potypeptide
chain

Knob: hFc
{N29TA)
MPYDLYHPY-
mousellLi2

DKTHTCPPCPAPELLGGPS VFLFPPKPKDTLMI
SRTPEVICVVVDVSHEDPEVEFNWYVDGVEY
HNAKTKPREEQYASTYRVVSVLTVLHODWL
NGKEYKCEVSNKALPAPIEK TISKAK GQPREP
QVYTLPPCRDEL TKNQVSLWCOLVK GEYPSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLYS
KLTVDKSRWOOGNVFSCEVMHEALHNHYTO
KSLSLSPGGGSGGSGGSMPYDLYHPSGPMWE
LEKDVYVVEVDWTPDAPGETVNLTCOTPER
DDITWTSDORHGVIGSCKTLTITVKEFLDAG
OYTCHKGGETLSHSHLLLHEKENGIWS TEIL
KNFENKTFLKCEAPNY SGRFTCSWLVORNM
DLKFNIKSSSSSPDSRA VTCGMASLSAEKVT
LDORDYEKYSVSCOEDVICPTAEETLPIELA
LEARQONK YENY STSFRIRDIKPDPPK NLOMK
PLKNSQVEVSWEYPDSWSTPHSYFSLKFFVRI
ORKKEKMEETEEGONQKGAFLVEKTSTEVD
CEGGNVCVQADDRY YNSSCSKWACVECRY
RSGGGGSOGGGSGGGGSRVIPVSGPARCLSOS
RNLLKTTDDMVK TAREKLEHYSCTAEDIDHE
DITRDOTSTLE TCLPLEL HENESCLATRETSST
TRGRCLPPOK TSLMMTLCLGSIYEDLKMYQT
EFQATNAALONHNHOOITLDKGML VAIDELMOQ
SUMHNGETLROKPPYGEADPYRVKMKLCILLH
AFSTRVVTINRVMGYLSSA

DNASTY

AKY945

1% polypptide
chain

Hole: hF¢
(N297 A
mouscil. 12RB2

DKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVEFNWY VDGVEVHNA
KTKPREEQYASTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISKAKGOPREPQVCTLPPS
RDELTKNQVSLSCAVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTOQRSLSLSPGGGSGGG
SGNIDVCELGTVTIVOPAPVIPLGSAANISCSLNP
KOQGCSHYPSENELILLEKFYNDVLVENLHGKK VH
DHTGHSSTFOVTNLSLGMTLFVCKLNCSENSQRE
PPVEVOGVEISVGVAPEPPONISCVQEGENGTY
ACSWHNSGEVTYLKTNYTLOQLSGPNNLTCOQKQC
FSDNRONCNRLDLGINLSPDLAESRFIVRVTATL
NDELGNSSSLPHTFTFLDIVIPLPPWDIRINFLNA
SGSRGTLOWEDEGOQVVLNQLRYQPLNSTSWNM
VNATNAKGKYDLRDLRPFTEYEFQISSKLHELSG
GSWENWSESLRTRTPEE

DNASHY

2" polypeptide
chain

Knob: hfc
(N297A)-

DKTHTCPPCPAPELLGGPSVFLEFPPKPKDTLMISR
TPEVTICVVVDVSHEDPEVEFNWY VDGVEVHNA

KTKPREEQYASTYRVVSVLTVLHODWLNGKEYK

CKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPC
RPELTKNQVSLWCLVEGFYPSBIAVEWESNGQP

DNASE2




WO 2021/202678

PCT/US2021/025107

146

[IRAAAVKSP}-
souseili2

ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOOG
NVFSCSVMHEALHNHYTQK SLSLSPGGGSGGSG
GSISSGLLSGRSSGPMWELEKDVYVVEVDWTPD
APGETVNLTCDTPEEDDITWTSDORHGVIGSGKT
LTITVKEFLDAGQY TCHKGCETLSHSHLLLHKKE
NGIWSTEILKNFKNK TFLECEAPNY SGRFTCSWL
VORNMDLKFNIKSSSSSPDSRAVTCOMASLSARK
VTLDORDYEKYSVSCQEDVTCPTARETLPIELALE
ARQONKYENYSTSFFIRDIKPDPPKNLGMKPLKN
SOVEVSWEYPDSWSTPHS Y FSLKFFVRIQREKEK
MKETEEGCNQKGAFLVEKTSTEVOCKGGNVOVQ
AQDRYYNSSCSKWACVPCRVRSGGGGSGGGGS
GGGGSRVIPVSGPARCLSQSRNLLETTDDMYKT
ARFKLKHYSCTAEDIDHEDITRDQTSTLKTCLPL
ELHENESCLATRETSSTTRGSCLPPOKTSLMMTL
CLGSIYEDLEMYQTEFQAINAALONHNHQOILD
KGMLVAIDELMOSLNHNGETLROKPPVGEADPY
RVEMKLCILLHAFSTRVVTINRVMGYLSSA

AKB4T

1* polypptide
chain

Hole: hFc
(N297A)-
mouselLI2RB2

DETHTCPPCPAPELLGGPSVELFPPEPRKDTLMISR
TPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNA
KTKPREEQYASTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEKTISKAK GOPREPQVUTLPPS
RDELTKNQVSLSCAVKGFYPSDIAVEWESNGQP
ENNYKTTPPYLDSDGSFFLVSKLTVDKSRWOQQG
SGNIDVCKLGTVTIVOPAPVIPLGSAANISCSLNP
KQGCSHYPSSNELILLKFVNDVLVENLHGKKVH
DHTGHSSTEFOVTNLSLGMTLFVCEELNCSNSQKK
PPVPVCGVEISVGVAPEPPONISCVQEGENGTV
ACSWNSGKVTYLKTNYTLQLSGPNNLTCORQC
FSONRONCNRLDLGINLSPDLAESRFIVRVTAL
NDLGNSSSEPHTFTFLDIVIPLPPWDIRINFLNA
SGSRGTLOWEDEGQOVVLNQLRYQPLNSTSWNM
VNATNAKGKYDLRDLRPFTEYEFQISSKLHLSG
GSWENWSESLRTRTPEE

DRNASG9

2" polypeptide
chain

Knob: hFc
{(N297A)-
RAAAVKSP}-
mousellL12

DKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRT
PEVICVVVDVSHEDPEVKENWY VDGVEVHNAKT
KPREEQYASTYRVVSVLTVLHODWLNGKEYKCK
VENKALPAPIEKTISKAKGOQPREPQVYTLPPCRDEL
TENQVSLWCLVKGEFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLY SELTVDKSRWOQOQONVFSCSY
MHEALENHYTOKSLSLSPGGGSGGSGGESRAAAVE
SPSGPMWELEKDVYVVEY
DWTPDAPGETVYNLTCDTPEEDDITWTSDORHGVIG
SGKTLTITVKEFLDAGQYTCHKGGETLSHSHELLH
KKENGIWSTEILKNFKNKTFLKCEAPNYSGRFTCS
WLVORNMDLKENIKSSSSSPDSRAVTCOMASLSA
EXVTLDORDYEKYSVSCOQEDVTCPTAEETLPIELA

DNASLS
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LEARQONKYENYSTSFFIRDUKPDPPENLOQMKPL
KENSQVEVSWEYPDSWSTPHSYFSLEFFVRIQRKK
EEMKETEEGCNQR GAFLVEKTSTEVQCKGGNVC
VOAQDRYYNSSCSKWACVPCRVRSGGGGS GGG
GSGGGGSRVIPVSGPARCLSQSRNLLKTTDDMVK
TAREKLEKHYSCTAEDIDHEDITRDQTSTLKTCLPLE
LHEKNESCLATRETSSTTRGSCLPPOKTSLMMTLCL
GSIYEDLKMYQTEFQAINAALQNHNHQOULDKGM
LYAIDELMOSLNHNGETLRORPPVGEADPYRVEM
KLCHLLHAFSTRVVTINRVMGYLSSA

AK948 | 1™ polypeptide DETHTCPPCPAPELLGGPSVELFPPEPRK D TLMISR DBNALSE
chain TPEVTCYVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYASTYRVVSVLTVLHQDWLNGKEYK
Hole: CKVSNKALPAPIEKTISK AKGQPREPOVCTLPPSR
RFc(N297A) DELTKNQVSLSCAVKGFYPSDIAVEWESNGQPEN

NYKTTPPVLDSDGSFFLVSKLTVDKSRWOQGNVE
SCSVMHEALHNHYTOQKSLSLSPGK
2% polypeptide DKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRT DNASIE3

chain PEVICVVVDVSHEDPEVEFNWY VDGVEVHNAKT
KPREEQYASTYRVVSVLTVLHODWLNGKEYKCKY
Kuob: SNKALPAPIEK TISKAKGOQPREFQVYTLPPCRDELT
RFc(MN297A)- KNOQVSLWCLVKGFYPSDIAVEWESNGOPENNYKT
{DSGGFMLTY- | TPPVLDSDGSFFLY SKETVDESRWQOQGNVFSCSVM
nmouseil12 HEALHNHYTOKSLSLSPGGGSGGSGOGSBSCORMLT

SGPMWELEKDVYVVEVDWTPDAPGETVNLTCDT
PEEDDITWTSDORHGVIGSGK TLTITVKEFLDAGO
YTCHKGGETLSHSHLLLHKKENGIWSTEILKNFKN
KTFLECEAPNYSGRFTCSWLVORNMDLEFNIKSS
SSSPDSRAVTCGMASLSARK VILDORDYEK YSVS
COEDVTCPTAEETLPIELALEARQONK YENYSTSEF
RDIKPDPPENLOMKPLKNSQVEVS WEY PDSWSTP
HSYFSLKFFVRIQRKKEKMKETEEGONOK GAFLVE
KTSTEVOCKGGNVCVOAQDRYYNSSCSKWACVPC
RVRSGGGGSCOGGSGOGGSRVIPYSGPARCLSQS
RNLLKTTDDMVKTAREKLEHYSCTAEDIDHEDITR
DOTSTLKTCLPLELHKNESCLATRETSSTTRGSCLY
PORTSLMMTLCLGSIYEDLEMY QTEFQAINAALQ
NHNHOOHLDK GMLVAIDELMOSLNHNGETLROK
PPVGEADPYRVKMKLCILLHAFSTRVVTINRVMG
YLSSA

In this study, CS7BL/6 mice were inocntated subcutaneously with 1 x 10° MB49 or 0.5 x 10° BI6F 10 tumor
cells. Treatments started when twmor sizes reached 300mny’. The administration of molecules was through
single i.v. injections at 0.5 or 3 mg/kg. The animals were euthanized five days post treatment started. Body
weight and organ weight were recorded:
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Actuat
MW. |[Apprx. Dosing Dosing  [Actuai Dosing Batch
Test Molecule Cleavage sitel (kDa) {mg/kg) (malkg) information

1 Mouse recombinant IL-12 75 0.5 0.27

2 AKS48B {parental} 110.6 0.1 0.1 01A
3 AK948 (parental) 110.6 0.5 04 01A
4 AK944 MPYDLYHP 145.7 1 05 01A
5 AK945 ISSGLLSGRS ¢ 145.7 1 05 02A
6 AK947 RAAAVKSP 145.5 1 0.5 02A
7 AKS44 MPYDLYHP 1457 3 3 01A
3 AK945 ISSGLLSGRS §  145.7 3 3 02A
9 AK947 RAAAVKSP 145.5 3 3 02A
10 Vehicle

Modais: #aterial details
+ MB4S » CB7BL/A (=5 per group, 50 in total)

- RigFiQ* 2naimolecuieimodet

The following readouts were analysed:

L

- Tumor growth inhibition: Tumor volume signifcantly decreased in AK9435 and AK947 in BI6
model.

-~ Tumor weighr: Single dose AK945 significantly decrease tumor weights at low dose in MB49.
16
- % of body weight change: Al masked molecules show protection against body weight loss.

- Spleen weight: Spleen weights are increased 1in MB49 model but not B16. The difference in spleen
weight from vehicle group between models could be tumor specific driven

W

-~ Lungweight (MB49 model only): Lung weights are not affected by 1L~12 variants in MB49 model.
The resuits ae shown in Figures 55-39,
¢ FACS analysis was also used to investigate immune responses in tumor microenviromments in compared
with multiple peripheral organs, includiag blood and spleen. Activation and/or expansion of CD8 T-cell,
CE8 T-cellVT-reg ratio m the tumor microenviromment s of particular interest.

The following PD readouts were analysed:

- CD45 in TME
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- CD& T eell: CB8 T cell increased in tumor microenvironment with AK947 at high dose. AK947
also expand CDE T celf peripheral.

- CD8Treg vatio: CDB/Treg ratio is increased in kumor microenvironment.

3
~ D8 T cell profiferation: No difference in CB8 T cell proliferation in TME. CDB T cell are nore
profiferative in TME than in peripheral.
- CD& activation marker: CD8 T cells are more activated in tumor nrcrocnvironment.
10

The resulis are shown 1 Figures 60-65

Finally, serum mouse ALT measurement was measured at day 5; mouse [FN-y and TNF-o ELISA was

performed using day 3 plasma to investigate downstreany signailing activated by the tumor-targeted
15 molecules.

The foliowing readouts wete analysed:
- Toxicity - ALT assay: IL-12 vananis do not induce Hver toxicity at low dose

20 - D3 serum cytokines: Serum JFNy expression is significantly lowered in masked [L.-12 treated mice.
There is dose dependent increase in IFNwy for afl IL-12 varianis, however, it is significantly lower
than ummasked parental molecules. High dose [L-12 variants induce serum TNFo expression
comparable to parental 3 davs post treatment staded.

25 - PK: Fe capture, Fe defect: Fo detect PKELISA indicate no difference in drag accomulation in
plasma in B16 model. PK analysis was performed using Fe capture, Fo detect ELISA.

The resuits are shown in Figures 66-68.

36 Exampic 12

The purpose of this study s {0 determine the safety. and compare pharmacokinetics and pharmacodynaraic
of excruplanily tumor-targeted molecules in cynomolgus monkeys.

35 Three GAG-binding matation comtaining molecules were constructed with human Fe and human f£-12
with different cleavage sites, AK921, AK923, AK667 that has cleavage sites RAAAVICSP, [SSGLLSGRS
and MPYDLYHP, respectively, were tested in this study. AK671, parental un~masked molecule with GAG-
binding mutation is used as positive contral. The structures of these molecules are shown is Example 8,
and exact sequences in the sequence tables in Section 10,

40
Aaimals will be dosed by intravenous injection at 4 mU/kg onBays €, 7, 14, and 21 at ~ 1.0 sl /minfora
total of 4 doses. Plasma will be collected at various tirne point (until Day 56) for a full PK analvsis.
PK analvsis will be performed using Fc capture, Fe detect ELISA. Hematology, serum chemistry will also
43 be pedormed. FACS analysis will be performed at Day O (pre-dose), Day 5 and Day 12 for the foliowing

matkers: CD3, CD4, CD8, CD16, CD2S, D45, CDI27, CD278, CD15%a, FoxP3, and Ki67.

The results are shown in shows Figures 69-71.
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PK: Measurements of test articles in plasma were made using Meso Scale Discovery (MSD®)
technology that employed anti-buman IgG as the capture reagent and aoti-hwman [2G as the

&

detection reagent. Figure 69 showed drug level 1in plasmas from the first 7 days.

Pl via flow cyrometry: Flow cytometry analysis was performed on peripheral blood pre-dose and
at varioas timepoints post dose for T and NK cell proliferation status. MFI of proliferation marker
Ki-67 was accessed in NK cells and CD8 T cells and peak changes were observed on day 14 post
first dose administration. Ki-67 MF] of unmask AK671 was significantly increased in both NK
cells and COE T cells in blowd, whereas oasked molecules did not show significant peripberal NK
or T cell activation. A one-way ANOVA Bonferonm’s mndtiple comparison post-test was
performed o determine the statistical significance of treatment vs Vehicle (¥P<0.05; ¥*p<0.01;
FRERLG.001; FFEAP<0.0001). See results in Figure 70

Hematology and Serum chemistry: Hematology and serum chemistry were performed onday 1 and
day 5. (a) Transicnt decrease in absolute lvmphocyte counts {(day 1), RBC (day 8) and percentage
of Hematocrit (HCT)day 8) in blood was ohserved in all groups. All the observations were within
normal range for both masked and wnmasked molecules. (b) Unmasked AK671 increased senun
ALT, AST and TBILT (biomarkers of liver function test), on Day 3 post first dose (not significant}.
Masked molecules of AK667, AK921 and AK923 show relatively lower levels of ALT, AST and
TBILT in serum. See results in Figares 71A and 71B (arrows indicate time of dosing).
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CLAIMS

What is claimed is:

(5]

[

~3

A masked [L-12 cytokine comprises a protein hetercdimer comprising:
a first polypeptide chain comprising!

N’ HLI-LI-MM &
and a second polypeptide chain comprising:

N HE2E2-C O

where HL1 is a first half life extension domain, L1 is a first linker, MM is a masking moiety, HL2
is a sceond half iife extension domain, L2 is a second linker, and C is an IL-12 cviokine or
functional fragment thereof,
wherein the first half-life extension domain is associated with the second half-life extension
domgin, and

wherein one of the first linker or the second linker comprises a protealytically cleavable peptide.

The masked cytokine of claim 1, wherein the IL-12 polypeptide or functional fragment thercof
comprises an 1L-12p40 polypeptide or functional fragment thereof covalently linked to an IL-12p33

polypeptide or functional fragraent thereof,

The masked cviokine of claim 2, wherein the [L-12p40 — [L.~12p35 linker is between 5 and 20

aniino acids inlength.

The masked cytokine of claim 2 or 3, wherein the IL-12p40 — T.-12p35 linker is rich in amine acid

residues G and S.

The masked cviokine of any one of claims 2-4, wherein the [L-12p40 — IL-12p38 linker comprises
SEQ ID NO: 3. (GGGGSGGGGSGGGES)

The masked cytokine of any one of claims 2-5, wherein the 1L-12p40 polypeptide comprises SEQ
113 NO: 1 or an amino acid sequence having at least one amino acid modification as compared to

the amino acid sequence of SEQ 1D NO: 1.

The masked cviokine of claim 6, wherein IL-12p40 polvpeptide coraprises SEQ 1D NO: 1.
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The masked cytokine of claim 6, wherein IL-12p40 polypeptide comprises at least ong amino acid
modification o the GAG-binding domain (KSKREKKDRV) as compared to the amino acid
sequence of SEQ 1D NO: 1.

The masked cytokine of claint 8, wherein IL-12p40 polypeptide comprises SEG ID NO: 57,

The masked cyiokine of claim 8, wherein IL~-12p40 polypeptide comprises SEQ ID NO: 58.

The masked cytoking of any one of claums 6-10, wherein IL-12p40 polypeptide conxprises an aming
acid sequence having one or more cysteine substitution mutations as compared {0 the amino acid

sequenice of SEQ ID NO: 1

The masked cytokine of claim 11, wherein the IL-12p40 polypeptide comprises SEQ ID NG: 39,

. The masked cyvtokine of claim 11, wherein the 1L-12p40 polypeptide comprises SEQ ID NO: 60.

. The masked cytokine of any one of claims 2-13, wherein the IL-12p335 polypeptide comprises SEQ

113 NO: 2 or an amino acid sequence having at feast one anyino acid modification as compared 10

the amino acid sequence of SEQ 1D NO: 2.

. The masked cviokine of claim 14, wherein the 1L~12p35 polypeptide comprises SEQ ID NO: 2.

The masked cyvickine of any one of claims 1 to 7, wherein the 1L-12 cytokine or functional fragment

thereof comprises SEQ 1D NG: 4.

. The masked cytokine of any one of claims 1 to 10, wherein the B.-12 cytokine or functional

fragment thereof comprises SEQ 1D NG: 61,

The masked cytokine of any one of claims 1 to 10, wherein the B.-12 cytokine or functional

fragment thereof comprises SEQ 1D NO: 62,

. The masked cytokine of any ouve of claims 1 to 12, wherein the [L-12 cytokine or functional

fragment thereof comprises SEQ ID NO: 63,

The masked cytokine of any one of claims | to {3, wherein the HL-12 cytokine or functional
fragment thereof comprises SEQ ID NO: 64.
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The masked cytokine of any one of the preceding claims, wherein the masking moiety comprises

an IL~12 cytokine recepior, or a subunit or functional fragment thereof.

22. The masked cytokine of any one of the preceding claims, wherein the masking moiety comprises

the extracelinlar domain of human IL-12RB1 or a fragment, portion, or variant thereof that retains

or otherwise demonstrates an affinity to [L-12.

. The masked cytokine of claim 22, wherein the masking moicty comprises residues 24 to 237 of

homan (L-12R$1, namely a sequence having SEQ D NG: 5.

24. The masked cytokine of claim 22, wherein the masking meiety comprises residues 24 to 545 of

(5]
o

28.

2%,

human 1L-12RP1, namely a sequence having SEQ ID NO: 6.

25, The masked cyvtokine of any one of claims 1-21, wherein the masking moiety comprises the

extracelhdar domain of human 1L-12RP2 or a fragment, portion, or variant thereof that retains or

otherwise demonstrates an affimty to 1L-12.

26. The masked cytokine of claim 25, wherein the masking moiety comprises residues 24 o 212 of

hursan 1L-12RB2, namely a sequence having SEQ ID NO: 7.

. The masked cytokine of claim 25, whercin the masking moicty comprises residucs 24 to 222 of

hurean U~12RB2, vamely a sequence having SEQ ID NO: 8 or wherein the masking moiety

comprises residues 24 to 227 of buman IL-12R B2, namely a sequence haviag SEQID NGO IL

The masked cytokine of claim 25, wherein the masking moiety comprises residues 24 to 319 of

human L-12RB2, namely a sequence having SEQ 1D NO: 9.

The masked cytokine of claim 28, wherein the masking moiety comprises at least one amingo acid
modification as compared to the sequence of SEQ ID NO: 9, optionally wherein said modifications

are cysteine substitution mutations.

. The masked cytokine of claim 29, wherein the masking moicty comprises SEQ D NO: 65

. The masked cytokine of claim 235, wherein the masking moiety comprises residues 24 1o 622 of

huoan JL-12RP2, nareely a sequence having SEQ 1D NG: 10

32. The masked cvickine of any one of the preceding claims, wherein the cleavable peptide is from 6

to 10 aodino acids in length.
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. The masked cviokine of any onc of the preceding claims, wherein the cleavable peptide comprises

an amino acid sequence of SEQ 1D NO: 15,

34, The masked cyiokine of anv one of the preceding claims, wherein the cleavable peptide comprises

an amino acid sequence of SEQ ID NO: 41,

. The masked cyiokine of anv cue of the preceding claims, wherein the cleavable peptide comprises

an amino acid sequence of SEQ ID NO: 42.

36, The masked cviokine of any one of the preceding claims, wherein the cleavable peptide comprises

an amino acid sequence of SEQ D NO: 43,

7. The masked cviokine of any one of the preceding claims, wherein the cleavable peptide comprises

an aniino acid sequence of SEQ D NO: 44,

The masked cvtokine of any orne of the preceding claims, wherein the cleavable peptide comprises

an antine acid sequence of SEQ ID NG 45,

The masked cytokine of any one of the preceding claims, wherein the first polvpeptide chain
COMPTISCS:
N HELi-nou-cleavable L3-MM O
and the second poly peptide chain coraprises

N HEL2-cleavable L2-C

The masked cytokine of claim 39, wherein the non-cleavable linker is between 3 and 18 aming

acids in length.

The masked cytokine of claim 39, wherein the non~cleavable linker is between 3 and 13 amino

acids in length.

The masked cytokine of any one of clairas 30 to 41, wherein the non<cleavable linker is rich in

aniino acid residues G and 8.

3. The masked cytokine of any one of claims 39 o 42, wherein the non-cleavable linker inchudes

[(G)eS], where =4 ot S,
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The masked cytokine of any one of claims 39 o 43, wherein the non-cleavable finker comprises an

aning acid sequence as shown in SEQ 1D NO: 12 (GGGGS).

45. The masked cytokine of any one of claims 39 to 43, wherein the non~cleavable finker comprises an

antino acid sequence as shown in SEQ D NO: 13 (GGGGRGGGGR).

46. The masked cytokine of any one of clairs 39 1o 43, wherein the non-cleavable linker comprises an

anino acid sequence as shown in SEQ ID NO: 14 (GGSGGGSGGGGGES).

The masked cytokine of any one of claims 39 t¢ 42, wherein the non-cleavable Hinker coniprises an

amino acid sequence as shown in SEQ [D NO: 34 (GGSGGSGGSGGSGGSEGP).

The masked cytokine of any one of claims 39 to 42, wherein the non-cleavable linker comprises an

amino #cid sequence as shown in SEQ [D NO: 58 (PGGSGP).

The masked cytokine of any one of claims 39 to 42, wherein the non-cleavable linker comprises an

araino acid sequence as shown in SEQ D NO: 56 (GGSPG).

. The masked cytokine of any one of claims 39 to 49, wherein the cleavable linker comprises a

proteolytically cleavable peptide (CP) flanked on both sides by a spacer domain (SD):
SD1-CP-SD2
where S and SD2 are different, such that the first polypeptide chain comprises:
N HLI-non-cleavable LI-MM O
and the second poly peptide chain coraprises:
NTHL2- SB1-CP-Sh2-C C

The masked cyiokine of claim 50, wherein the first spacer domain (SD 1) is between 3 and 10 amino

acids in length.

. The masked cytokine of claims 50 or 51, wherein SD1 comprises SEQ 1D NO: 16. (GGSGGS)

. The masked cyvtolane of claims 50 or 51, wherein 3D 1 comprises SEQ D NG: 17 (GGRGGSGGR)

. The masked cvtokine of any one of claims 50 to 33, wherein the second spacer domain (SD2) is

between 3 and 6 araion acids 1 length,

. The masked cytokine of any one of claims 50 to¢ 54, whercin SD2 comprises SEQ ID NO: 18

(5GP
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. The masked 1E.-Z cytokine of claim 50, wherein the proteolytically cleavable linker comprises SD 1~

CP-SD2? where SD1 15 a first spacer domain, CP is a cleavable peptide and SD2 is a second spacer
domain, and wherein CP has an amino acid sequence as shown in SEQ ID NO: 44 and SD2 has an

antino acid sequence as shown in SEQ [D NO: 18,

. The masked IL-Z cytokine of claim 39, wherein the proteolytically cleavable linker comprises SD1-

CP-SD2 where SD 1 is a first spacer domain, CP is a cleavable peptide and SD2 is a second spacer
domain, and wherein CP has an amioo acid sequence as shown io SEQ D NO: 45 and SD2 has an

amino acid sequence as shown in SEQ ID NO: 18,

. The masked cytokine of any one of claims 30 to 54, wherein the cleavable linker comprises SEQ

1D NOG: 19, (GGSGGSYPLSLYSGR)

. The masked cytokine of any one of claims 50 1o 54, wherein the cleavable linker comprises SEQ

1D NQO: 20, (GGSGGSGGSVPLSLYSGR)

The masked cytokine of claim 30, wherein the cleavable linker comprises SEQ ID NO: 46.
(GGSGGSMPYDLYHPSGP)

~J

The masked cytokine of claim 30, wherein the cleavable Hnker compriscs SEQ D NO: 4
(GGSGGSGGSMPYDLYHPSGP)

The masked cytokine of claim 50, wherein the cleavable linker comprises SEQ D NQO: 48,
(GGSGGSDSGGFMLTRGR)

The masked cvtokine of clatn 50, wherein the cleavable linker comprises SEQ D NO: 49,
{(GGSGGSGGSDSGOFMLTSGR)

The masked cytokine of claim S0, wherein the cleavable linker comprises SEQ I NG: 5.
{GGSGGSRAAAVKSPSGP)

. The masked cytokine of claim 50, wherein the cleavable linker comprises SEQ ID NG: 5L

(GGRGGSGGRRAAAVKSPRGE)

The masked cytokine of claim 50, wherein the cleavable linker compris
(GGSGGSISSGLLIGRSSGR)

s SEQ D NO: 52

[273
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. The masked cytokine of claim 50, wherein the cleavable linker comprises SEQ 1D NO: 53,

(GGSGGSGOGSISSGLLSGRSSGR)

The masked cytokine of any ove of the preceding claims, wherein the first half-life extension
domain comprises a first {g(31 Fo domain or a fragment thereot and the second half-life extension

domain comprises a second 1g51 Fe domain or a fragment thereof.

The masked cvtokioe of any one of the preceding claims, wherein the first and/ or second Fe
domains each contain one or more modifications that promote the nos-covalent association of the

first and the second half-life extension domains.

70. The masked cvtokine of any one of the preceding claims, wherein the first haif-hife extension

domain comprises SEQ ID NO: 23 (¥Y349C; T366S; L38A; Y407V, and N297A) and the second
half-life extension domain comprises SEQ ID NO 26 (8354C, T366W and N297A).

. The masked cytoking of any one of the preceding clairas, wherein the first half-life cxtension

dorain comprises SEQ ID NO: 27 (Y349C; T3668,; L38A; Y407V, N2974A and [253A) and the
second half-fife extencion domain comprises SEQ ID NQ: 28 (8354C, T366W, N297A and 1253 A).

. The masked cytokine of claim 1, wherein the fixst polypeptide chain comprises an amino acid

sequence of SEQ D NO:34 and a second polypeptide chain comprises an amine acid sequence of
SEQ 1D NG 40,

. A ckavage product capable of binding to 1L-12R, the cleavage product comprising an [L-12

cytokine or functional fragmend thereof, preparable by proteolytic cleavage of the cleavable peptide

in a masked IL-12 cytokine as defined in any of clatms 1-42.

. A cleavage product of a masked H.-12 cytokine, where the cleavage product is capable of

binding to [L-12R, the cleavage product corprising a polypeptide comprnising:
PCP-SD2-C
wherein PCP is a portion of a profeolytically cleavable peptide; SD2 is a spacer domain; and C

is an IL-12 cytokine or functional fragment thereof.

The cleavage product of claim 74, wherein PCP is a portion of a proteolytically cleavable peptide

as defined ia any of claims 32 to 38,
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. The cleavage product of claims 74 or 75, wherein SD2 is a spacer domain as defined in any of

claims 54 to 55.

. The cleavage product of any ore of claims 74 to 76, wherein Cis an IL-12 cytokine or functional

fragmert thereof as defined in any of claims 2-20.

. The cleavage product of any one of claims 74 10 77, wherein the cleavage product comprises an

amino acid sequence haviag about or at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%., 95%, 96%, 97%, 98%, or 99% sequence identity to an amino acid sequence selected

from the group consisting of SEQ ID NO: 29.

. The cleavage product of clairn 78, wherein the cleavage product comprises an amino acid sequence

of SEQ 1D NO: 29,

A nucleic acid encoding the masked 11.-12 cvtokine of any one of claims 1-72 or encoding one

of the polvpeptide chains of a masked 1L~12 cytokine of any one of claims 110 72.

A vector comprising the mucleic acid of claim 80.

2. A host cell comprising oucleic acid encoding the masked IL-12 cytokine of any one of claims 1

072,

. A composition comprising the masked 1L-12 cytokine of any one of claims 1-72.

. A pharmaceutical coraposition comprising the masked [L-12 cytokine of any one of claims 1-

72 and a pharmaceutically acceptable carrier.

. The pharmaceutical composition of claim 84, wherein the pharmaceutical composition is in single

unit dosage form.

. The pharmaceutical composition of claim 84, wherein the pbarmaceutical composition is

formulated for intravenous administration and is in single unit dosage forou

. The pharmaceutical composition of claim 84, wherein the pharmaceutical composition is

formulated for igjection and is in single unit dosage form.

The pharmacewical composition of claim 84, wherein the pharmaceutical composition is a Hquid

and is in single unit dosage forou
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A kit comprising the masked L-12 cytokine of any one of claims 1-41, or the composition of

claim 83, or the pharmaceutical composition of claims 84 to 88,

A method of producing a masked H-12 cytokine as defined inany one of claimes 110 72
comprising culturing the host cell of claim 82 under a condition that produces the masked .-
12 cytokine.

A nucleic acid encoding the cleavage product of any one of claims 73 to 79,

A composition comprising the cleavage product of any one of claims 73 o 79.

A pharmacentical composition compnsing the cleavage product of any one of claims 73 to 79,

and a pharmaceutically acceptable carrier.

A masked IL-12 cytokine as defined in any one of claims 1 to 72 for use in medicine.

. A cleavage product as defined in any one of claims 73 to 79 for use in medicine.

A method of treating or preventing cancer in a subject, the method comprising administering to
the subject an effective amount of a masked 1L.-12 cytokine according to any one of claims 1 to
72.

. A method of treating or preveniing cancer in a subject, the method comprising administering to

{he subject an effective amount of a composition according {o clairas 83 or 92.

A method of treating or preventing cancer in a subject, the method comprising admimsiering to
the subject an effective amount of a pharmaceutical composition according to any one of claims

84 to 88 and 93.

A method of treating or preventing cancer in a subject, the method comprising administering to
the subject an effective amount of a masked 1L-12 cytokine as defined in any one of claims 1 to
72, whereby the masked cvtokine is proteolytically cleaved in vivo to produce a cleavage product

as defined in any one of claims 73 10 79.

A method of (reating or preventing cancer in a subject, the method comprising a step of
producing a cleavage product /i vive that is capable of binding (o ils cognate receptor, where the

cleavage product 1s as defined in any one of clatrns 73 10 79.
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A method according to any one of claims 96-100, whesein the cancer is a solid tumor.

A masked 1L-12 cytokine as defined in any one of claims 1 to 72 for use in treating or preventing

Cancer.

A masked 1L-12 cytokine as defined in any one of claims 1 to 72 for use in a method of treating
or preventing cancer, the method comprising adounistering to the subject an effective amounat of
the masked 11.-12 cytokine, whereby the masked cytokine is proteclytically cleaved in vive 1o

produce a cleavage product as defined in any one of claims 73 16 79.

A masked IL-12 cylokine for use according to claim 103, wherein the cancer is a solid tumor.

A cleavage product as defined in any one of claims 73 to 79 for use in freating or preventing

Cancer.

A cleavage product as defined i any one of claims 73 to 79 for use in a method of treating or
preventing cancer, the method comprising a step of administering a masked cvtokine as defined
in any one of claims 1 to 72 to a patient, thereby producing the cleavage product by proteolytic

cleavage of the masked cvioking in vive.

A cleavage product as defived in any one of claims 73 to 79 for use in a method of treating or
prevesting cancer in a subject, the method comprising a step of producing the cleavage product
by in vive proteclytic cleavage froor a masked cytokine as defined in any one of claims 1to 72

that has been administered to the sabject.

5. A cleavage product for use according to any one of claims 105 to 107, wherein the cancer is a solid

fRINor.

A pharmaceutical conmposition according to any one of claims 84 to 88 and 93, for use in

treating or prevending cancer.

. A pharmacentical composition for use according to claim 1909, wherein the cancer is a solid

Tmor.



