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PHARMACEUTICAL COMPOSITIONS COMPRINING PROTEIN COMPLEXES
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the Sequence Listing XML is OPNI_009 02WO_ST26.xml. The XML file is about 28,746 bytes, was

created on March 28, 2024, and is being submitted electronically via USPTO Patent Center.

BACKGROUND
Technical Field

The present disclosure relates to pharmaceutical compositions coniprising alpha-2-
macroglobulin (A2M} and a serine profease protein such as porciae pancreatic elastase (PPE), which
are bound together in a protein complex that retains the CD95 protease cleavage and cancer-cell
killing activities of the serine protease, but stencally hinders binding of the serine protease 1o
fibrinogen and senne protease indbibilors; and related rethods of vse and manufacture for treating

diseases such as cancers.

Description of the Related Avt

Precision medicine, which is designed to optimize efficiency or therapeatic benefit for
particular groups of paticnts by using genetic or molecular profiling, has gained fremendous traction
for treating cancer. Identifying the specific genomic abnormalities that (i) confer risk of developing
cancer, (i) influence tumor growth, and (ii1) regulate metastasis have defined how cancer is
diagnosed, determined how targeted therapics are developed and ireplemented, and shaped cancer
prevention strategics.

The nead for precision medicine in cancer is largely based on the fatlure to identify targetable
propetiies in tumor cells that distinguish them from bealthy, non-cancer cells. Indeed, although
radiation and/or chemotherapies have the capacity to effectively kill many #f not most cancer cells,
their efficacy is severcely limited by cvictoxic effects on non-cancer celis. These findings demonstrate
that rapid cell division, a property {argeted by radiation therapy and chemotherapy, is oot uniguoe
enongh to cancer cells to achieve the specificity required to limit extensive side effects.

It has been shown that certain serine protease or ¢lastase enzymes are selectively foxic to

cancer cells but relatively non-toxic 1o normal or otherwise healthy cells (see, for example WO
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2018/232273). However, there is a need in the art o identify optimal enzyme compositions that are
capable of such selective cancer cell-toxicity but also have reduced side effects, and thereby refine the

pharmacokinetics and overall clinical wtility of such compositions.

BRIEF SUMMARY

Embodiments of the present disclosure include a pharmaceutical composition, compusing a
protein complex of:

{a) alpha-2-macroglobulin (A2M) proteins; and

(b} serigie protease proteins,

wherein (4} and (b) are present in the composition at a molar ratio {(a):(b)} of about 1:3 to
about 1:1. In certain embodimends, the A2M proteins of {a) and the serine protease proteins of (b) arc
bound {ogether in the protein complex, for example, wherein the prolein complex:

(i) retains CD93 (Fas Recepior) protease cleavage activity and cancer cell-killing activity
of (b);

(i) stericaily linders binding of (b) 1o fibrinogen and reduces or inhibits fibrnogen
cleavage activity of (b); and

(it} sterically hinders binding of (b) to serine protease inhibitors (including plasma serine
protease inhibitors, for example. alpha-1 antitrypsin (A1AT)).

In sonwe embodunents, (a) comprises, consisis, or consists essentially of an amino acid
sequence that is at least 80, 85, 90, 95, 98, 99, or 100% identical to a sequence selected from Table
Al or a functional fragment thereof. In some embodiments, the functional fragment thereof
comprises, consists, or consists essentially of about 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000,
1200, 1300, or 1400 contignous amino acids of a sequence selected from Table Al In some
embodiments, the functional fragment thereof is composed of approximately residues 1-1400, 1-1300,
1-1200, 1-1100, 1-1000, 1-900, 1-800, 1-700, 1-600, 1-500, 1-400, 1-300, 1-200, 100-1400, 100-
1300, 100-1200, 100-1100, 100-1000, 100-900, 100-800, 100-700, 100-600, 100-500, 100-400, 160~
300, 100-200, 200-1400, 200-1300, 200-1200, 200-1100, 200-1000, 200-900, 200-800, 200-700, 200-
600, 200-300, 200-400, 200-300, 300-1400, 300-1300, 300-1200, 300-1100, 300-1000, 360-900, 300-
800, 300-700, 300-600, 300-500, 300-400, 400-1400, 400-1300, 400-1200, 400-1100, 400-1000, 400-
900, 400-800, 400G-700, 400-600, 400-500, 500-1400, 5001300, 5060-1200, 500-1100, 500-10600, 300-
900, 500-800, 500-700, 500-600, 600-1400, 600-1300, 600-1200, 600-1100, 600-1000, 660-900, 600-
800, 600-700, 700-1400, 700-1300, 700-1200, 700-1100, 700-1000, 700-900, 700-800, 800-1400,
800-1300, 300-1200, 800-1100, 800-1000, 800-900, 900-1400, 900-1300, 900-1200, 900-1100, 900-
1000, 1000-1400, 1000-1300, 1600-1200C, 1000-1100, 1100-1400, 1100-1300, 1100-1200, 1200-1400,

or 1200-1300 of a sequence selected from Table Al
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In certain embodiments, (a) is conjugated or fused o an antibody, or an antigen binding
fragment thereof. In some embodiments, the antibody, or antigen binding fragment thereof,
specifically binds to a tumor-associated antigen {TAA) or tumor-specific antigen (TSA).

1n sorae crabodinernds, {b) is sclected from a powcine pancreatic clastase (PPE) protein, a
buman neutrophil elastase (ELANE) protein, a buman cathepsin G (CTSG) protein, a bumag
proteinase 3 (PR3} protein, and a granzyme B protein. In particular embodiments:

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 93, 98, 99, or 100% identical to SEQ ID NG: 5, and which retains the Q211F
amino acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at feast 80, 85, 90, 93, 98, 99, or 100% identical to SEQ 1D NO: 6, and which retains the TS5A amino
acid substitution;

the PPE protein coniprises, consists, or consists essentially of an amino acid sequence that is
atleast 80, 83, 90, 935, 98, 99, or 100% identical to SEQ D NO: 7, and which retains the Q211F and
T53A amino acid substitutions;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at Jeast 80, 85, 90, 95, 9%, 99, or 100% identical to SEQ D NG: §, and which retaing the N241A
amino acid substifntion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ [D NO: 9, and which retains the N241Y
amino acid substinion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 83, 96, 95, 98, 99, or 100% identical to SEQ [D NO: 10, and which retains the R73A
amino acid substitution;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 93, 98, 99, or 100% identical to SEQ ID NO: 11, and which retains the R75E
amino acid substitution;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 96, 95, 98, 99, or 100% identical to SEQ D NGO 12, and which retains the Q211A
amino acid substitotion;

the PPE protein comprises, consists, ot consists essentially of an amine acid sequence that is
at least 80, 83, 96, 93, 98, 99, or 100% identical to SEQ ID NO: 13, and which retains the R237A
anino acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amine acid sequence that is
at feast 80, 85, 90, 93, 98, 99, or 160% identical to SEQ 1D NO: 14, and which retains the S214A

amine acid substitution;
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the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ D NQ: 15, and which retains the D74A
amino acid substitotion; and

the PPE protein comprises, consists, ot consists essentially of an amine acid sequence that is
at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ ID NG 16,

Ta some erabodiments:

the human ELANE protein comprises, consists, or consists essentially of an amino acid
sequence that 1s at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ D NO: 17,

the human CTSG protein comprises, consists, or consists essentially of an amine acid
sequence that is at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ D NO: 15

the human PR3 protein comprises, consists, or consists essentially of an amine acid sequence
that is at least 80, 85, 90, 95. 98, 99, or 100% identical to SEQ 1D N 19 or

the human granzyme B protein comprises, consists, or consists essentially of an amino acid
sequence that is at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ ID NO: 20.

In sonwe embodiments, (a) and (b) are present in the composition at a molar ratio of about 1.3,
1:2.9,1:28, 127, 1:26,1:25, 124, 123, 1: 2.1, 122, 119, 1018, 1117, 1016, 105, 1014, 1113,
£:1.2, 1:1.1, or 111, In specific crobodinents, (a} and (b) are present in the composition at a molar
ratio of about 1.2

Also included are methods of treating, ameliorating the syraptoms of, and/or reducing the
progression of, a cancer in a subject in reed thereof, comprising administering to the subjecta
pharmaceutical composition described herein.

in some embodiments, the cancer is a primary cancer or 4 metastatic cancer, and is selected
from one or more of melanoma {optionally metastatic melanoma), breast cancer {opticnally triple-
negative breast cancer, TNEC), kiduey cancer (optionally renal cell carcinoma), pancreatic cancer,
bone cancer, prostate cancer, small cell lung cancer, non-small cell hung cancer (INSCLC),
mesothelioma, leukemia (optionally lyniphocvtic leukemia, chronic myelogenous leukenia, acute
myeloid leukenida, or relapsed acute myeloid lenkemia), multiple myclona, lymphoma, hepatoma
(hepatocellular carcinoma), sarcoma, B-cell malignancy, ovanan cancer, colorectal cancer, glioma,
glioblastoma multiforme, meningioma, pituitary adenoma, vestibular schwannoma, primary CNS
lymphoma, primitive neurcectodermal tumor (medulloblastona), bladder cancer, utetine cancer,
csophageal cancer, brato cancer, head and neck cancers, cervical cancey, testicular cancer, thyroid
cancer, and stomach cancer.

In some embodiments, administration (optionally intravernous adminisiration) of the
pharmacentical composition does not substantially increase prothrombin time or partial
thromboplastin time in the subject. In some embodiments, administration of the pharmaceutical
composition increases cancer cell-killing in the subject by about or at least about 2-fold, 5-fold, 10-

fold, 50~fold, 100-fold, 500-fold, or 1000-fold or more relative to a control or reference.
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Certain embodiments include administering the pharmaceutical composition to the subject by
parcnteral administration. Tn some embodiments, the parenteral administration is intravenous
adovinistration.

Also included are methods of manufacturing a pharmaceutical composition comprising a
protein complex, by combining:

{a} alpha-2-macroglobulin (A2M) proteins; and

)] seritie protease proteins,

irto a composition at a molar ratio [(a): (b of aboat 1:3 to about 1.1, thereby manofachuring
the pharmaceatical composition comprising the protein complex.

Certain embodiments comprise recombinantly producing (a) prior to combining with (b).
Some embodiments comprise purifying (a) from plasma of 2 human subject prior to combimng with
{(b). Particular embodiments comprise recombinantly producing (b) prior to combining with (a).

In some embodiments, the methods of mamufacturing comprise combining (a) and (b) at 2
molar tatio [(ay:(b)] of about 1:3, 1:2.9, 1: 2.8, 1:2.7, 1:2.6, 125, 1:2.4, 1:2.3, 1 2.1, 102, 119, L1 8,
17,106, 115, 14, 13, 1012, 111, or 111, Specific embodiments comprise combining (a) and
(b at a molar ratio {(a):(b)] of about 1:2.

In sone embadirents, the A2M proteins of (a) and the scrine protease proteins of (b} are
bound together in the protein complex, inciuding wherein the protein complex:

(i) retains €95 (Fas Receplor) protease cleavage activity and cancer cell-killing activity
of (b);

(i) sterically hinders binding of (b) (o fibrinogen and reduces or intubits fibrinogen
cleavage activity of (b); and

(111} sterically hinders binding of (b) to serine protease inhibitors (including alpha-1
antitrypsin (A1AT)).

n some embodiments, (a) comprises, consists, or consists essentially of an amino acid
sequence that is at least 80, 85, 90, 95, 98, 99, or 100% identical to a sequence selected from Tabie
A1, or a functional fragment thereof. In some cmbodiments, the functional fragment thereof
conprises, consists, or consists essentially of about 160, 200, 300, 400, 500, 600, 700, 800, 900, 1000,
1200, 1306, or 1400 contignous amino acids of a sequence seiected from Table Al Tn some
erabodiments, the functional fragment thereof is composed of approximately residues 1-1400, 1-1300,
1-1200, £-1100, 1-1000, 1-900, 1-800, 1-700, 1-600, 1-500, 1-400, [-300, 1-200, 100-1400, 100-
1300, 106-1200, 100-1100, 100-1000, 100-900, 100-800, 100-700, 100-600, 100-300, 160-400, 160~
300, 100-200, 200-1400, 200-1300, 200-1200, 200-1100, 200-1000, 200-900, 200-800, 200-700, 200-
600, 200-500, 200-400, 200-300, 360-1400, 300-1300, 300-1200, 300-1100, 300-1000, 300-900, 300-
800, 300-700, 300-600, 300-300, 300-400, 400-1400, 400-1300, 400-1200, 400-1100, 400-1000, 400~
900, 400-800, 400-700, 400-600, 400-500, 500-1400, 500-1300, 500-1200, 300-1100, 300-1000, 500~

,

900, 500-800, 500-700, 5060-600, 600-1400, 600-1300, 600-1200, 600-1100, 600-1000, 600-900, 600~
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800, 600-700, 700-1400, 700-1300, 700-1200, 700-1100, 700-1000, 700-900, 760-800, 800-1400,
800-1300, 800-1200, 800-1100, 800-1000, 800-900, 900~1400, 900-1300, 900-1200, 900-1100, 900~
1000, 1000-1400, 1000-1300, 1000-1200, 1000-1100, 1100-1400, 1100-1300, 1100-1200, 1200-1400,
or 1200-1300 of a sequence selected from Table A1

{a scroe crabodiments, {a) is conjugated or fused to an antibedy, or an antigen binding
fragrent thereof. In some embodiments, the antibedy, or antigen binding fragment thereof,
specifically binds to 2 tumor-associated antigen {TAA) or a tumor-specific antigen (TSA).

1a certain emwbodiments, (b) 1s selected from a porcine pancreatic elastase (PPE) protein, a
buman neutrophil elastase (ELANE) protein, a buman cathepsin G (CTSG) protein. a buman
proteinase 3 (PR3) protein, and a human granzyme B protein.

In some embodiments:

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at Jeast 80, 83, 90, 95, 98, 99, or 100% identical to SEQ ID NO: 5, and which retains the Q211F
antine acid substitution;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at Jeast 80, 83, 90, 95, 98, 99, or 100% identical to SEQ ID NO: 6, and which retains the T55A amino
acid substitution;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ ID NO: 7, and which retains the (32 11F and
T535A amino acid substitutions;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 83, 90, 95, 98, 99, or 100% identical to SEQ [D NO: 8, and which retains the N241A
amine acid substinion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ [D NO: 9, and which retains the N241Y
amino acid substitution;

the PPE protein comprises, consists, ot consists essentially of an amine acid sequence that is
at least 80, 83, 96, 95, 98, 99, or 100% identical to SEQ ID NQO: 10, and which retains the R75A
amino acid substitution;

the PPE protein comprises, consists, ot consists esseniially of an amine acid sequence that is
at least 80, 83, 90, 935, 98, 99, or 100% identical to SEQ D NGO 11, and which retains the R75E
anino acid substitation:

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ 1D NG: 12, and which retains the QZ11A

amine acid substitution;
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the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 935, 98, 99, or 100% identical to SEQ 1D NQ: 13, and which retains the R237A
amino acid substitution;

the PPE protein comprises, consists, ot consists essentially of an amino acid sequence that is
at least 80, 85, 96, 95, 98, 99, or 100% identical to SEQ 1D NG 14, and which retains the S214A
amino acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amine acid sequence that is
al feast 80, 85, 90, 95, 98, 99, or 100% identical to SEQ 1D NO: 15, and which retains the D74A
amino acid substitation; and

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at feast 80, 85, 90, 93, 98, 99, or 100% identical to SEQ 1D NO: 16,

In some enbodiments:

the haman ELANE protein comprises, consists, or consists essentially of an amino acid
sequence that is at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ IDNQO: 17;

the human CTSG protein comprises, consists, or consists essentially of an amino acid
sequence that is at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ ID NQO: 1§,

the humoan PR3 protein comprises, consists, or consists essentially of an amine acid sequence
that is at least 80, 83, 90, 95, 98, 99, or 100% identical to SEQ ID NO: 19; or

the human granzyme B protein comprises, consists, or consists essentially of an amino acid
sequence that is at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ 1D NO: 20

Certain methods forther comprise the step or steps of testing the pharmacentical composition
0 one OF WOTe activity assays selected from one or more of a CD9S cleavage assay (optionally in the
presence of a senne protease inhibilor such as A1AT), a fibrinogen cleavage assay, and a cancer cell-
killing assay. In some embodiments, the pharmaceutical composition cleaves CD93 (optionally in the
presence of the senine protease inhibitor such as A1AT), does not substantially cleave fibrinogen,

and/or has cancer cell-killing activity.

BRIEF DESCRIPTION OF THE FIGURES

Figure { illustrates the formation and structure of a protein complex conprising buman A2M
and a senne profease proteins. The protease binds to and cleaves the bait region of the AZM
homotetramey, inducing a conformational change that incorporates the serine protease profeins inio
the protein complex.

Figures 2A4-2B show the activity of Mutant F (MadF) alone in 471 turnor model after IV
injection (day 0 and 1) on bunor growth (24) and the munber of lung metastases (28). Figure 2C
shows the effects of Mutl on prothrombin time 5 min after IV injection.

Figure 3A shows MutF activity with different ratio of A2M:MutF in the presence of its

inhibitor ATAT. Figure 3B shows MutF activity at the 1:2 ratio of AZM:MutF in the presence of its

-3
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inhibitor A1AT at different concentration. Figure 3C shows MutF activity at the 1:2 ratio of
AZM:MutF in plasma.

Figure 44 sbows MutF activity and concentration of the different fractions of A2M:MutF
product after cation exchange coluran separation in presence ot absence of ATAT. Figure 4B shows
MuiF activity and concentration of the different fractions of AZM:MutF product after size exchision
column separation in presence or absence of ATAT. Figures 4C-41 show that A2M MutF complexes
are stable across a broad pH range as measured by enzyme activity (4€) and ATAT protection (413,
Figure 4E shows that AZM:MutF complexes are stable over mulliple freeze/thaw cycles, as measured
by enzyrie activity.

Figares SA-8D show MutF activity in vanous cells lysates after 30min treatment in serum
free media (SFM) in the presence or absence of ATAT.

Figure 6A shows Coomassic Blue staining of CD935 cleavage after 30 nmin incubation with
MutF or AZM:MutF at different ratios. Figure 6B shows a Western blot for fibrinogen after The
incubation with MutF or AZM:MmF at ditferent ratios. AZM:MuntF at a 1:2 ratio cleaves CDO5 as
alone {(shown by the lower band). Figure 6C shows the fluorescent signal of cleaved clastin following
incubation with PBS, MutF aloue, or A2M:MutF proteis complexes.

Figure 7A shows the protbrombin time in mouse plasma 5 min aficr IV igjection of 480ug of
MatF or the AZM:MutF (1.2) protein complex. Figure 7B shows the Partial Thromboplastin time in
mouse plasma § min after IV injection in mice of 480ug of MudF or the AZM MuF (1:2) protein
complex. Figure 7C shows the concentration of fibrinogen in mouse plasma 3 min after I'V injection
of 480ug of Mutl or the AZM:MutF (1:2) protein complex.

Figure 8A shows a cell-killing assay on various mouse cancer cell lines by Muil or the
AZM:MutF (1:2) protein complex at 400nM. Figure 88 shows broad cytotoxicity of A2M:MutF
protein complex towards cancer cells of different anatomical onigin, and Figure 8C shows that the
complex does not kill non-cancer cells. Figure 8D shows the anti-tumor effects of MutF and the
AZM:MutF (1:2) protein conplex in a UT26 model after 100 ug IT injoction at day 0. Figure 8K
shows that A2M:Mutl protein complex has an improved functional PK profile (enzymatic activity in
plasma) relative to MutF alone following intravenous administration. Figure 8F shows that
A2M:MutF protein complex induces a favorable burune profile in the CT26 model (Jeft to right in
cach graph is PBS, MutF, AZM:MutF). Figure 8G shows that AZM MutF protein complex elicits a
tumor antigen-specific CH8+ T cell response in the CT26 model (lelt to right in each graph is PBS,
MuF, AZMMutE).

Figure 24 shows that AZM:MutF protein complex, in contrast to doxorubicin and oxaliplatia,
has a wide therapeutic window as shown by killing human ovarian cancer cells without killing non-

cancer cels from patients. Figure 98 shows that A2M:MutF comparably kifls cancer cells isolated
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from chemo-naive and chemo-treated patients, in contrast to doxorubicin and oxaliplatin, which show
reduced killing of cancer cells isolated from chemo-treated relative to chemo-naive paticnts.

Figure 10A shows that AZM:MutF proteie complex induces ICD markers in CT26 and A349
cells. Figure 108 shows that A2M:MutF protein complex induces ICD markers in hweas ovarian
patient-derived tumor cells (Jeft to right in each graph are CTRL, A2M:MuiF, oxaliplating.

Figures 11A-11B show tumor growth post-treatment in the mouse CT26 fumor model.
Figore 13 shows tumor weight at 15 days post-treatment (131 from left to right: vehicle every other
day, AZM:MutF 100 g daily, AZM:MutF 200 ug every other day, AZM:MutF 400 pg every 4™ day).

Figures 12A-128 show that A2M:MutF protein complex effectively attenuates tamor growth
in Jh-BALB/c CT26 colorectal cancer model. Figures 12C-12D show that AZM:MutF protein
complex treats primary tumor and metastasis in a Jh-C37BL/6 B16F10 melanoma model. Figure 12K
shows that AZM:MutF protein complex displays efficacy across a range of tumors with variable
immnological status.

Figures 13A-13C show that A2M:MutF protein complex has improved anti-tumor efficacy
refative to SoC chemotherapy (oxaliplatin) without observed toxicity.

Figure 14A shows the efficacy of AZM:MutF protein complex in a hing cancer human
cenograft model Fignre 148 summarizes the efficacy of A2M:MutF protein complex across a varety
of prostate cancer, colon cancer, and lung cancer models. Figure 14C shows that A2M:MutF protein
complex effectively kills buman ovarian patient-derived tumor cells (from patient CDX_002) ina
xenograft mouse model, and Figure 14D suramarnizes the efficacy of A2M:MatF protein complex in
this model across thiee ovarian cancer patients. Figures 14E-14F show that A2M:MatF protein
complex effectively kills patient-derived breast cancer cells in vitro and in vivo. Figare 146G
summarizes the in vivo efficacy of A2M:MutF protein complex across a vanety of human tumors and
shows that the efficacy is independent of tumor genetics or immune status.

PFigure 15 shows that mice treated with A2M:MutF protein complexes are tumor-free (3/11)
after initial challenge with CT26 colorectal cancer cells, and that all of these mice (5/5) retain their

tumor-free status upon re-challenge with CD26 cells.

DETAILED BESCRIPTION

Unless defined otherwise, all technical and scieniific terms used herein have the same
meaning as conunonly understocd by those of ordinary skill in the art to which the disclosure belongs.
Although any methods, materials, compositions, reagents, cells, sirnilar or equivalent similar or
cquivalent to those described berein can be used in the practice or testing of the subject matter of the
present disclosure, preferred methods and matenials are described. All publications and references,
including but not himited to patents and patent applications, cited in this specification are hercin
incorporated by reference in their entirety as if each individual publication or reference were

specifically and individually indicated {o be incorporated by reference herein as being fully set forth.
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Axny patent application to which this application claims priority is also incorporated by reference
herein in ifs entirety in the manner described above for publications and references.

Standard techuiques may be used for recombinant DNA, oligonucleotide syunthesis, and tissue
culture and transformation (e.g., electroporation, Hipofection). Enzymatic reactions and purification
technigues may be performed according to manufacturer’s specifications or as cormonly
accomplished in the art or as described herein. These and related technigques and procedures may be
generally performed according to conventional methods well known in the art and as described 1
vanous general and more specific references that are cited and discussed throughout the present
specification. Unless specific definitions are provided. the nomenclature utilized in connection with,
and the laboratory procedurcs and techniques of, molecular biology, analytical chemistry, synthetic
organic chemisiry, and medicinal and pharmaceutical chemistry described herein are those well~
known and commonly used in the art. Standard technigues may be used for recombinant technology,
molecular biclogical, microbiclogical, chemical syntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment of paticnts.

For the purposes of the present disclosure, the following terms are defined below.

The articles “a” and “an” arc used herein to refer {0 one or to move than one (i.¢., to at least
ong} of the grammatical object of the atticle. By way of example, “an clernent” tnctudes “one
element”, “one or more elemenis” and/or “at least one clement”,

By “about” is meant a quantity, level, value, sumber, frequency, percentage, dimension, sive,
amcunt, weight or length that varies by as mwch as 20, 15, 10,9, 8.7, 6, §, 4, 3, 2 or 1% to a reference
quantity, level, vahie, miraber, frequency, percentage, dimension, size, amount, weight or length.

An “antagonist” refers to a biclogical or cheniical agent that interferes with or otherwise
reduces the physiclogical action of another agent or molecule. In some instances, the antagonist
specifically binds to the other agent or molecule. Included are full and partial antagonists.

An “agonist” refers to a biological or chemical agent that increases or enhances the
physiological action of another agent or molecule. In some instances, the agonist specifically binds to
the ather agent or molecule. Included are full and partial agonists.

As used herein, the term “amino acid” is intended to mean both naturally occurring and non-~
natutally occurring amine acids as well as amino acid analogs and mimetics. Naturally-occurring
amino acids ioclade the 20 (L)-amino acids utiized dudng protein biosyothesis as well as others such
as 4-bydwosyproline, hydwoxylysine, desmosine, iscdesmosine, homocysteine, citrultine and ornithine,
for example. Non-naturally occurring amino acids include, for example, (D}-amino acids, norleucine,
norvaline, p-fluorophenyvialanine, ethionine and the like, which are koown to a person skilled 10 the
art. Amino acid analogs include modified forms of naturally and noreoaturally occurring aring acids.
Such modifications can include, for example, substitution or replacement of chemical groups and
moicties on the amine acid or by derivatization of the amino acid. Amino acid mimetics inchude, for

example, organic structures wihich exhibit functionally similar propertics such as charge and charge
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spacing characteristic of the reference anino acid. For exaraple, an organic structure which mimics
arginine {Arg or R) would have a positive charge moiety located in similar molecular space and
haviog the same degree of mobility as the e-amino group of the side chain of the naturally occurring
Arg amino acid. Mimetics also include constrained stauctures so as {o mainiain optimal spacing and
charge interactions of the amine acid or of the amino acid foactional groups. Those skilied in the axt
know or can determine what struchures constitute fonctionally equivalent araino acid analogs and
amino acid mimetics.

As psed herein, a subject “al risk” of developing a disease, or adverse reaction may or may
ot have detectable disease, or symplorns of disease. and may or may not have displayed deteciabk
discase or symptoms of disease prior to the treatment methods described herein. “At nsk™ denotes that
a subject has one or more risk faciors, which are measurable parameters that correlate with
development of a disease, as described herein and known in the art. A subject having one or more of
these risk factors has a higher probability of developing discase, or an adverse reaction than a subject
without ore or more of these risk factor(s).

“Biocorpatible” refers to materials or compounds which are generally not injurious {o
biological functions of a cell or subject and which will not result in any degroe of unaceepiable
toxicily, inchuding allergenic and discase states.

The term “binding” refers to a direct association between two molecules, due to, for example,
covalent, electrostatic, hydrophobic, and ionic and/or hvdrogen-bond interactions, including
interactions such as salt bridges and water bridges.

By “coding sequence” is meant any nucleic acid sequence that contnibutes 1o the code for the
polypeptide prodoct of a gene. By contrast, the term “non~coding sequence” refers to any nucleic acid
sequence that does not directly contribute to the code for the polypeptide product of a gene.

Throughout this disclosure, unless the context requires otherwise, the words “comprise,”
“comprises,” and “comprising” will be understood fo imply the inclasion of a stated step or element or
group of steps or elements but not the exclusion of any other step or element oy group of steps or
clements.

<

By “consisting of” is meant inchuding, and lirnited to, whatever follows the phrase “consisting
of.” Thus. the phrase “consisting of " indicates that the listed elements are required or mandatory. and
that no other elements may be present. By “consisting essentially of " 1s meant including any elements
listed after the phrase, and limited to other clements that do ot interfere with or contribute to the
activity or action specified in the disclosure for the listed elements. Thus, the phase “consisting
cssenfially of” indicates that the histed elements are required or mandatory, but that other clemenis are
optional and may or may not be present depending upon whether or not they matenally affect the
activity or action of the listed elements.

The term “endotoxin free” or “substantially endotoxin free” relates generally to compositions,

solvents, and/or vessels that contain at most trace amounts {e.g., amounts having no chinically adverse
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physiological effects to a subject) of endotoxin, and preferably undetectable amounts of endotoxin.
Endotoxins are toxins associated with cerfain micro-organisms, such as bacternia, fypically gram-
negative bacteria, although endotoxins may be found in gram-positive bacteria, such as Listeria
monocytogenes. The most prevalent endotoxins are Hpopolysaccharides (LPS) or ipo-oligo-
saccharides (LOS) found 1n the outer membrane of vanous Gram-negative bacteria, and which
represent a centrat pathogenic feature in the ability of these bacteria 1o cause disease. Small amounts
of endotoxin in humans may produce fover, a lowering of the blood pressure, and activation of
inflarmation and coagulation, among other adverse physiclogical effects.

Therefore, in pharmaceotical production, it 1s often desirablke to remove most or alf traces of
endotoxin from drug products and/or drug containers, because even small amounts may cause adverse
cffects in humans. A depyrogenation oven may be used for this purpose, as teraperatures in excess of
300°C are typically required fo break down most endotoxins. For instance, based on primary
packaging meaterial such as syringes or vials, the combination of a glass temperature of 250°C and a
holding time of 30 minutes is often sufficient to achicve a 3 log reduction in endotoxin Jevels. Other
methods of removing endotoxins are contemplated, including, for example, chromatography and
filtration methods, as described herein and known in the art.

Fadotoxins can be detected using routine techoiques known in the art. For example, the
Limulus Amocebocyie Lysate assay, which uttlizes blood from the horseshoe crab, is a very sensitive
assay for detecting presence of endotoxin. In this test, very low levels of LPS can cause detectable
coagulation of the Hroulus lysate due a powerfud enzymatic cascade that amplifies this reaction.
HEadotoxins can also be gquantitated by enzyme-linked immunosotbent assay (ELISA). To be
substantially endotoxin free, endotoxin levels may be less than about 0.001, 0.005, 0.01, 0.02, 0.03,
0.04, 0.05, 0.06, 0.08, 0.09,0.1, 0.5, 1.0, 1.5,2, 2.5, 3, 4, 5.6. 7, 8, 9. or 10 EU/mg of active
compound. Typically, I ng Hpopolysacchande (LPS) corresponds to about 1-10 EU.

The term “half maximal effective concentration” or “ECso” refers to the concentration of an
agent (for example, a protein conplex) as described herein at which it induces a response halfway
between the bascline and maximum affer sone specified exposure time; the ECs of a gmded dose
response curve therefore represents the concentration of a compound at which 50% of its maximal
effect is observed. EC56 also represents the plasma concentration required for obiaining 50% of a
maxteum effect in vive, Similarly, the “ECq” refers 1o the concenteation of an agent or composition
at which 90% of its maximal effect s observed. The “ECq” can be calculated from the “EC30” and
the Hill slope, or 1t can be determined from the data directly, using routine knowledge in the art. In
sorne embodiments, the ECs of an agent s less than about 8.01, 0.05,0.1,0.2,0.3,04,035. 006, 0.7,
08,09 1.2,3,4,5.6,7,8 9 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, 60, 70, 80, 90,
100, 200 or 300 nM. In some embodiments, an agent will have an ECs0 value of about 1 nM or less.

The “half-life” of an agent can refer to the time it takes for the agent to lose half of its

pharmacologic, physiologic, or other activity, relative to such activity at the time of administration
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into the serim or tissuc of an organism, or relative to any other defined time-point. “Half-life” can
also refer to the time it takes for the amount or concentmtion of an agont o be reduced by halfof a
starting amount administered into the serum o7 tissue of an organisoy, relative to such amount or
concentration at the time of adoxdnistration 10t the serwm o tissue of an organism, or relative 10 any
other defined timxe-point. The batf-life can be measured in serum and/or any one or mote selected
tissues,

The term “heterologous” refers to a feature or element in a polypeptide or encoding
polvnucleotide that 1s derived from a different source than the wild-type polypeptide or encoding
polynucleciide, for exaraple, a featare from a different species than the wild-type, or a3 non-nataral,
engineered feature.

The terms “modulating” and “altering” inclade “increasing,” “cnhancing” or “stimulating.” as
well as “decreasing” or “reducing,” typically in a statistically significant or a physiologically
significant amount or degree wlative to a control. An “increased.” “stiranlated”™ or “enbanced” amount
is typically a “statistically significant” amount, and may include an increase that is abowut or at least
about 1.1, 1.2, 1.5,2,3,4,5,6,7,8, 9,10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500,
or 1000-fold more than the amount produced by no composition {e.g., the absence of agent) ora
control composition. A “decreased” or “reduced” amount is typically a “statistically sigoificant”
amount, and may inchide a decrease that about or atfeast about 1.1, 1.2, 1.5,2,3,.4.5,6,7, 8,9, 10,
5,20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 300, or 1000-fold less than the amount produced
by o composition (2.2, the absence of an agent) or a contind compositicn. Examples of comparisons
and “statistically significant” amounts are described herein,

LI

The terms “polypeptide,” “protein”, and “peptide” are used interchangeably and referto a
polvmer of amino acids not Hmited to any particular length. The term “enzyme” inclades polypeptide
or protein catalysts. As used herein a “proprotein”, “proenzyme”, or “zymogen” refers o an inactive
{or substantially inactive) protein or enzyme, which typically is activated by protease cleavage of an
activation peptide to generate an active protein or enzyne. The ferms include modifications such as
myristoviation, sulfation, glvcosviation, phosphoryiation and addition or deletion of signal sequences.
The terms “polypeptide” or “proteir’” means one or more chains of amine acids, wherein each chain
conprises anrino acids covalently Hnked by peptide bonds, and wherein said polypeptide or protein
can comprise a plurality of chains non-covalently and/or covalently linked {ogether by peptide bonds,
having the sequence of native proteius, that is, proteins produced by saturally-occurring and
specifically non-recombinant cells, or genetically-engineered or recombinant cells, and comprise
molecules having the amino acid sequence of the native protein, or molecoles having deletions from,
additions to, and/or substitutions of one or more amino acids of the native sequence. ncertain
cbodiments, the polypeptide 1s a “recombinant” polypeptide, produced by recombinant cell that

comprises one or more recombinant DNA molecules, which are typically made of heterologous
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polynucleotide sequences or combinations of polynucieotide sequences that would not otherwise be
found in the cell.

The term “polysucieotide” and “nucleic acid” tochudes mRNA, RNA, ¢RNA, cBNA, and
DA The teroy typically refers to polymeric form of nucleotides of at least 10 bases in length, either
ribonuclectides or deoxypucleotides or a modified forox of either tvpe of nucleotide. The term
inchudes single and double stranded forms of DNA. The terms “isolated BNA” and “isolated
pobynucleotide”™ and “isolated nucleic acid” refer to a molecule that has been isolated free of total
genomic DNA of a particalar species. Therefore, an tsolated DNA segment encoding a polypepude
refers to a DNA segment that contains one o more coding sequences yet is substantially isolated
away from, or purified free from, total genomic DNA of the species from which the DNA segment is
obtained. Also inchuded are non-coding polynucleotides (e.g., primers, probes, oligonucleotides),
which do not encode a polypeptide. Also included are recombinant vectors, including, for example,
cxpression vectors, viral vectors, plasouds, cosmids, phagemids, phage, viruses, and the like.

Additional coding or non-coding sequences may, but need not, be present within a
polvnucleotide described herein, and a polvnncieotide may, but need not, be linked to other molecules
and/or support materials. Hence, a polynucieotide or expressible polynucleotide, regardiess of the
length of the coding sequence itsclf, may be combined with other sequences, for example, expression
control sequences.

“Expression control sequences” 1nclude repulatory sequences of nucleic acids, orthe
corresponding amino acids, such as promoters, leaders, enhancers, introns, recoguition motifs for
RNA, or DNA binding proteins, polyadenylation signals. terminators, intemal ribosome entry sites
(IRES), sccretion signals, subcellular localization signals, and the like, which have the ability (o affect
the transcription or transiation, or subcellular, or cethiar location of a coding sequence in a host cell.
Exemplary expression control sequences are described in Goeddel; Gene Expression Technology:
Methods in Brizymology 185, Academic Press, San Diego, Calif. (1990},

A “promoter” is a DNA regulatory region capable of binding RNA polymerase in g cell and
initiating transcription of a downstream (3° direction) coding sequence. As used herein, the promoter
sequence is bounded at its 3 terminus by the transcription initiation site and extends upstream (57
direction) to include the minimum number of bases or elements necessary (o initiaie franscription at
levels detectable above background. A transcription initiation site {convenicnily defined by mapping
with nuclease S1) can be found within a promoter sequence, as well as protein binding domains
{consensns sequences) responsible for the binding of RNA polymerase. Enkaryotic promoters can

55

often, but not always. contain “TATA” boxes and “"CAT” boxes. Prokaryotic promoters contain
Shine- Dalgarne sequences in addition to the -10 and -35 consensus sequences.

A large number of promoters, including constitutive, inducible and repressible promoters,
from a variety of different sources are well known in the art. Representative sources inclade for

example, viral, mammalian, inscct, plant, yeast, and bacterial cell types), and suitable promoters from
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these sources are readily available, or can be made synthetically, based on sequences publicly
available on line or, for example, fron depositories such as the ATCC as well as other commercial or
individual sources. Promoters can be umidirectional {i.¢., initiate transcription in one divection) or bi-
directional (i.c., initiate transcription in either a 37 or §” direction). Non-limiting examples of
promoters inctude, for example, the T7 bactertal expression system, pBAD (araA) bacterial
expression system, the cytomegatovirus (CMV) promater, the SV40 promoter, the RSV promoter.
Inducible promoters inchude the Tet system, (US Patents 5,464,738 and 5,814,618), the Ecdysone
inducible system (No et al., Proc. Natl. Acad. Sci. (1996) 93 (8): 3346-3351; the T-RExTM systern
{Invitrogen Carlsbad, CA), LacSwitch® (Stratagene, {(San Dicgo, CA) and the Cre-ERT tamoxifen
inducible recombinase system (Indra et al. Nuc. Acid. Res. (1999 27 (22): 43244327, Nuc. Acid.
Res. (2000) 28 (23): ¢99; US Patent No. 7,112,715; and Kramer & Fussenegger, Methods Mol Biol
{20053 308: 123-144) or any promoter known in the art suitable for expression in the desired cells.

An “expressible polymncleotide” includes a cDNA, RNA, mRNA or other polynucleotide that
coraprises at keast one coding sequence and optionally at Jeast one expression control sequence, for
cxample, a transcriptional and/or transiational regulatory element, and which can express an encoded
polypeptide upon introduction info a cell,

The term “isclated” polypeptide ot protein referred to herein means that a subject protein (1}
is free of at Jeast some other proteins with which # would typically be found innature, (2) is
essentially free of other proteins from the same source, e.g., from the same specics, (3) 1s expressed
by a cell from a different species, (4) has been separated from at least about 30 percent of
polynuclectides, lipids, carbobydrates, or other materials with which 1t is associated 10 natore. (3) is
not associated by covalent or non~covalent interaction) with portions of a protein with which the
“isolated profein” is associated in nature, (6) 15 operably associated (by covalent or non~covalent
interaction) with a polypeptide with which it is not associated in nature, or (7) does not occur in
nature. Such an isolated protein can be encoded by genomic DNA, ¢cDNA, mRBNA or other RNA, of
nxay be of synthetic origin or any combination thereof. In certain embodiments, the isolated protein is
substantially free from proteins or polypeptides or other contaminants that are found in its natural
environment that would imterfere with its use (therapeutic, diagnostic, prophylactic, research or
otherwise).

ia certain embodiments, the “purity” of any given agent 1o a composition may be defined. For
instagee, certain composiions may conmprise an agent such as a polypeptide agent that is at least 80%,
85%, 90%, 91%, 92%, 93%, 34%, 93%,. 96%, 97%, 98%, 99%. or 100% pure on a protein basis or a
weight-weight basis, inchiding all decimals and ranges in between, as measared, for example and by
a0 means imiting, by bigh performance Hagwd chromatography (HPLO), a well-known form of
column chromatography used frequently in biochemistry and analvtical chemistry to separate,

identify, and guantify compounds,
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The term “reference sequence” refers generally to a nucleic acid coding sequence, or aming
acid sequence, to which another sequence is being compared. All polvpeptide and polynucleotide
sequences descubed berein are included as references sequences, including those described by name
ardd those described in the Tables and the Sequence Listing,

Certain embodiments ioclude biologically active “variants™ and “fragments” of the
proteins/polypeptides described herein, and the polyruclectides that encode the same. “Variants”
contain one or more substitutions, additions, deletions, and/or tnsertions relative to a reference
polypeptide or polynucleotide (see, ¢.g., the Tables and the Sequence Listing). A vanant polypeptide
or poly mucleotide compnses ap amino acid or mucleotide sequence with at least about 30%, 55%,
0%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% , 99% or more
sequence wdentity or similarity or homology o a referonce sequence, as described herein, and
substantially retains the activity of that reference sequence. Also incladed are sequences that consist
of or differ from a reference sequences by the addition, deletion, insertion, or substitutionof 1, 2, 3, 4,
5.6,7.8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 30, 60,70, 80, 90, 100, 110, 120, 130,
140, 150 or more amino acids or nucleotides and which substandially retain at least one activity of that
reference sequence. In certain embodiments, the additions or deletions include CHierminal and/or N-
terminal additions and/or deletions.

The terms “sequence identity” or, for example, comprising a “sequence 50% identical to,” as
used hereig, refer to the extent that sequences are identical on a nuclectide-by-pucleotide basis or an
amino acxd-by-amine acid basis over a window of comparison. Thus, a “percentage of sequence
identity” may be calcelated by comparing two optimally aligned sequences over the window of
comparison, determining the mumber of positions at which the identical nucleic acid base (¢.g., A, T,
C. G, ) or the identical amino acid residue {e.g., Ala, Fro, Ser, Thr, Gly, Val, Ley, e, Phe, Tyvr, Trp,
Lys, Arg, His, Asp, Glu, Asn, Gin, Cys and Met) occurs in both sequences to vield the mumber of
matched positions, dividing the number of matched positions by the total number of positions in the
window of companison (i.e., the window size), and multiplying the result by 106 to vield the
percentage of sequence identity. Optimal alignment of sequences for aligning a comparison window
may be conducted by computerized implementations of algonthms (GAP, BESTFIT, FASTA, and
TFASTA inthe Wisconsin Genetics Software Package Release 7.0, Genetics Conputer Group, 573
Science Drive Madison, Wis., USA) or by inspection and the best alignment (L.e., resuliing in the
highest percentage homology over the comparison window) generated by any of the various methods
sclected. Reference also may be made to the BLAST family of programs as for example disclosed by
Altschud et al., Nucl., Acids Res. 233389, 1997,

The term “solubility” refers to the property of an agent described herein to dissolve ina Bquid
solvent and form a homogeneous solution. Solability is typically expressed as a concentration, either
by mass of solute per unit volume of solvent (g of sohute per kg of solvent, g per dL (100 ml), mg/ml,

ete.), molarity, molality, mole fraction or other similar descriptions of concentration. The maximum
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equilibrium amount of solnte that can dissolve per amount of solvent is the solubility of that solute in
that solvent under the specified conditions, including femperature, pressure, pH, and the nature of the
solvent. In certain erabodiments, solubility is measured at physiological pH, or other pH, for example,
atpH 5.0, pH 6.0, pH 7.0, pH 7.4, pH 7.6, pH 7.8, or pH 8.0 (c.g.. about pH 5-%). In certain
embodiments, selubility is measured in water or a physiological buffer such as PBS or NaCl (with or
without NaPOy). To specific embodiments, solubility is measured at relatively lower pH (e.g., pH 6.0}
and relatively higher salt (¢.g., 500mM MNaCl and 10mM NaPQy). In certain embodiments. sohubility
is measured in a biological fhuid (solvent) such as blood or serum. In certain embodirents, the
termperatore can be abowt room temperature (2.g., about 20, 21, 22, 23, 24, 25°C) or about body
temperature (37°C). In certain embodiments, an agent has a solubility of at least about 0.1, 0.2,

6.3,
0.4,05,06,07.08,09,1,2,3,4,56,7,8 9, 10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 23, 30, 40

>

50, 60, 70, 80, 90 or 100 mg/m! at room temperature or at 37°C.

A “subject” or a “subject in need thereof” or a “patient” or a “patient in need thereof”
includes a mammalian subject such as a hmman subject.

“Substantially” or “essentially” means nearly totally or completely, for instance, 95%, %6%,
97%, 98%, 99% or greater of some given quantity,

By “statistically significant,” # {s meant that the result was valikely to bave occureed by
chance. Statistical significance caun be determined by any reethod koown in the art. Commondy vsed
measures of significance inctude the p-value, which is the frequency or probability with which the
observed event would cecar, if the null hypothesis were true. If the obtained p-valoe 1s smaller than
the significance level. then the null hypothesis is rejected. In stmple cases, the significance level is
defined at a p-value of 0.05 or less.

“Therapeutic response” refers to improvement of symptoms (whether or not sustained) based
on administration of one or more therapeutic agents.

Asused herein, the terms “therapeutically effective amount”, “therapeutic dose,”
“prophylactically effective amount,” or “diagnostically effective amount” is the amount of an agent
needed to elicit the desired biological response following adnunistration.

Asused herein, “treatment” of a subject (e.g., a mammal, such as a human) or a cell is any
type of intervention used 1o an attempt to alter the natural course of the individual or cell. Treatment
includes, bt is got Lmited to, administration of a pharoacentical composition, and may be pedformed
either prophylactically or subsequent to the initiation of a pathologic event or contact with an eticlogic
agent. Also included are “prophylactic” treatments, which can be directed to reducing the xate of
progression of the disease or condition being treated, delaying the onset of that disease or condition,
or reducing the severity of its onset. “Treatment” or “prophylaxis” does not necessarily indicate

complete eradication, cure, or prevention of the disease or condition, or associated symptoms thereof.
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The term “wild-type” refers to a gene or gene product {e.g., a polypeptide) that is most
frequently observed in a population and is thus arbitrarily designed the “normal” or “wild-type™ form
of the gene.

Each embodiment in this specification 1s 10 be applied to cvery other cmbodiment unless

expressly stated otherwise.

Protein Complexes

Embodiments of the present disclosure relate generally to pharmaceutical compositions,
comprising protein complexces of alpha-2-macroglobulin (A2ZM) proteins and serine protease profeing
such as PPE. Here, certain serine proteases are able to kill cancer cells wpon direct contact with or
admindstration to tumors {e.g., infra~tumoral administration), irrespective of their genetic
abnormalities, and are relatively harmiless to non-~cancerous or healthy cells (see, for example, WO
2018/232273; W(/2020/132465; PCT/US2021/046453; and PCT/2021/046467). However, in some
instances, the systermic administration of standalone scrine proteases such as PPE can negatively
impact coagulation, for example, by inducing cleavage of fibrinogen. The present disclosure relates in
part to the discovery that protein complexes of human AZM and serine proteases such as PPE not only
sterically protect the serine protease from serine protease inhibitors in plasma while retaining CD93
protease cleavage and cancer cell-killing activity, but also reduce the pegative impact of the serine
protease on coagrlation, for instance, by sterically inhibiting or otherwise reducing the ability of the
comaplexed serine protease {6 cleave fibrinogen. The present disclosure further relates to the discovery
of a range of optirnal molar ratios between [A2M proteins]:{serine protease proteins] in the protein
coniplex that provides a balance between retaining the CD9S cleavage and cancer celi-killing activity
of the serine protease and reducing s negative impact on coagulation, as measured, for example, by
reduced prothrombin time or decreased cleavage of fibrinogen relative to the serine protease alone.

Certain embodiments thus include pharmaceutical compositions, comprising a protein
complex of: (a) alpha-2-macroglobulin (AZM) proteins; and (b) serine protease proteins, wherein (a)
and (b) arc present in the composition at a molar ratio [(a):(b)] of about 1:3 to about 1:1, including
wherein the AZM proteins of (a) and the serine protease proteins of (b) are bound together in the
protein complex. In some embodiments, the protein complex: (i) retains the €95 (Fas Receptor)
protease cleavage activity and cancer cell-killing activity of (b); (i) sterically hinders binding of (b} 10
fibnoogen, thereby reduocing or inhibiting the fibrinogen cleavage activity of (b} and (it} sterically
hinders binding of (b} to serine proiease inhibitors such as alpha-1 antitrypsin (ALAT), thereby
protecting (b) from inhibition by the senne protease inhubitors.

1n certain ewbodiments, the A2M proteins are bound together in the protein complex as A2ZM
monomers or AZM muldtimers, for example, as A2M dimers such as AZM homodimers, as AZM
trimers such as A2M homotrimers, or as A2M tetramers such as A2M homotetramers. fn specific

embodiments, the A2M proteins of (a) are bound together as AZM homotetramers, and the serine
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protease proteins of (b) are bound by the A2M homotetramers into the protein conmplex. in specific
embodiments, each protein complex is composed of one set of AZM homotetramers (that is, four
A2M proteins, either as (1) four whole AZM proteins or as (1) up o cight A2M fragments which result
from cleavage of the bait region of the whole A2M proteins by the serine protease(s) as the latter joia
the AZM homotetramer complex) and two serine protease profeins (see, for oxampie, Figure 1),

Ta certain embodiments, the protein compiex stericatly hinders binding of (b) to Jarger
molecules but does not sterically binder binding of (b} to smaller molecuales. That is, as noted above,
the protein complex sierically hinders binding of (b) to larger molecudes such as serine protease
proteins (¢.z., AIAT), fibrinogen, and/or plasma antibodies. Thas, 10 some ermbodiments, the protein
complex protects (b) from inhibition by serine proteases and also reduces/inhibits the ability of (b) ©
cleave fibrinogen. In some instances, for example, where the serine protease of (b) is 4 non-human
protein such as PPE, the protein complex protects (b) from anti-PPE plasma antibodies or the
generation of anti-FPE plasma antibodies. In some instances, such provide clinical advantages in the
administration of non-human protein dmgs such as PPE to humans, which can othcrwise generate
anti-dmg antibodics. In contrast, the protein complex does not sterically hinder binding of (b) to
smaller molecules such as CDYS. Thus, in specific embodiments, (b) in the protein complex cleaves
{93 and kills cancer cells but does not substantially cleave fibrinogen.

The pharmaccutical corposition and protein complexes described herein compuse an alpha-
2-macroglobulin (AZM) protein, for example, a human AZM protein. A2M is a highly conserved
profease inhibitor present in plasma at relatively high concentrations (0.1-6 mg/ml) (Bhattacharjee et
al, J. Biol. Chem. 275 26806-11, 2000). It often exists as a tetrarder of four wdentical ~180 kDa
subunits that forms a hollow cylinder-like structure. It can present multiple target peptide bonds to
attacking proteasces in its central “bait” domain. Human A2M “traps” serine proteases such as PPE:
here, after the serine protease binds to and cleaves the bait region, a conformational change is induced
in A2M which traps the serine profease in a way that the protease remaing active against low
molecular weight substrates but has significantly reduced activity against high molecular weight
subsirates (see, for example, Vandooren and Itoh, Frontiers in Immunology, 12, 2021; and Harwood
et al., Molecular & Cellular Proteomntics, 20, 2021). The amino acid sequence of full-length and

mature (w/o signal peptide) buman A2M is provided in Table A1 below.

Table Al. A2M Proteins

Protein Sequence SEQ ID
NG

Human A 2M TEKGCVLLSYL 22
gth | NF SAS] S‘\/R’;NRS CVAF MELTVOVK

Q“ FRKRT TV“vT‘/"r(NEDSJ‘JFVQTDKS IYKPGQ FRVVSMDENFHPLNELT
signal LVYIQDEPKGNRIAQWQSFOLEGGLKOFSFPLSSERPFQGSYRKVVVQKKEGGRTE
peptide HPFTVEEFVLPKFEVOVTVPKIITILEEEMNVSVCGLYTY ’GYPVHGE*V”" ISICR

underlined KYSDASD SOA SGC HC YQQVKTKVEQL K MK LH y

j TGRQSSE VEVDEHFRQK :
ANYYSNA T‘ii)mHGL‘\ F&I“IT"’\WI\’I‘UTPL- VR ’I\HK}\:PCY
C""QWV“EEHELJAII*ITAYLVFSPSKSF 7 EPMLIIEL""“(JHTCT‘/QAI-:YILD;G&:T
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gion | LLGLKKLSFYYLIMAKGGIVRETGT
id and LIYAVLPTGDVIGDSAKYDVENCLANKVDLEFSPSQ!
i RAVDOSVLLMKIDAELSASSVY SNDODNEDC] ]

(INGITYTPVESTNERDMY SFLEDMGLKART MCPQLOOYEMEGREG
LRVGFYESDVMGRGHARLVHVEEPHTETVRKYFPETWIWDLVVVNSAGVAEVGY
TVPDTITEWKAGAFCLSEDAGLGISSTASLRAFQPFIVELTMPYSVIRGEA
KATVINYLPRKCIRVSVOLEASPAE

LONVRETVEAEALESQELCHE sy DTVY

LLCPEGGEVS SLKLPPNVVEESARASVSVLGDILGE

GCEQNMVLFAPNIVVLDYLNETQOLTPEIKSKATIGYLNTGYQROLNYKE
FGERYGRNQGNTWLTAFVLKTFAQARAYIFIDEAHITQALIWLSQROKD

]

LAVPVEKEQAPHCICANGRQTVSWAVTEPKS

NGCE

RESGESLLNNATKGGVEDEVTLSAYITIALLELR PVVRNALFCLESAWKT
G ALLAY KEVL <

PRAPVGHFYEPQAPSARN AQRPAPTSEDLTSATNIVKWITROO
NAQGGFSSTODTVVALHALSKYGAATFTRTGKAAQVTIQSSGTFSSKFQVDNNN
RLLLOOVSLPELPGEYSMKVTGEGCVYLOTSLKYNILPEKEEFFFALGVQOTLPY
TCDEPKAHTS SREASNMATVDVKMVS
RTEVSS TLSLEFTVLODVEVRD

v (
ATAEYNAPCSKDLGNA

Human A2ZM SVSGRPOYMVLVPSLLHTETT VLLEYLNETVIVSASLESVRGNRSLE
Matura EAENDVLHCVAFAVPKSSSNEEVMELTVQVKGRPTQEFKKRTTVMVKNEDSLVEV
QTDKSIYKPGOTVKFRVVSMDENFHPLNELIPLVYIQDPKGNRIAQWOSFQLEG
bait region | GLKQFSFFLSSEPFQOGSYRVVVQKKSGGRTEHPFTVEEFVLPKFEVQVTVIKII

hold and TILEEEMRVEVCGLYTYGKPVPGHVTVS TCRKYSEDAS
underlined LNSHGCERY KVFQLKRKEYE HTEAQIQERG

TRLEFVEVDSHFRQGIPFFGQ DGKGVPIPNEVIFIRGNEANYYSNAT
HGLVQFSINTTNVMGTSLTVRVNYKDRSPCYGYQWVSEEHEEAHHTAYLVESES
KSFVHLEFMSHELPCGHTQTVQOAHY ILNGGTLLGLKKLSFYYLIMAKGGIVRTS
LLVEQEDMKGHEFSISIPVKEDIAPVARLIL GDSAKYDVENC
PDAELSASS
NLLPEKDLTGFPGRPLNDCDNEDCINRENVY INGLTYTRPVSSTNEKUMY SFLE
DMGLEAFTNSKIRKPKMCPQLOOVYEMHGPEGLRVGFYESDVMGRGHARLVHVEE
FHTETVRKYFPETWIWDLVVVNSAGVAEVGVTVPDTITEWKAGAFCLSEDAGLS

VY

TSSTASLRAFQPFFVELTMPYSVIRGEAFTL A
FLAVPVEKEQAPHCICANGROTVSWA

BEGLEKETTEFNSLLCESG
ESARASVSVLGDILGSAMONTONLLOMPYSCGEQNMY

VSEELSLKLPPRNVVE
FAPNIYVLDYLNETQQ

HYDGSYSTFGERYGRNQGNTWLTAFVLKTE

GNOQDKRKEV

VLLAYLTAQPAPTSEDLTSATNIVEW DONAQGGFSETODTVVALHALSKYG
AATFTRTGKARQVTIQSSGTFSSKFQVINNNRLLLOQVSLPELFGEYSMKVTGE
GOVYLOTSLKYNILPE FPEALCGVOTLPQTCDEPKAHTSFQISLSVSYTGER
SASNMAIVDVEMYVSGFIPLEKPTVKMLERSNHVSRTEVSSNHVLIYLDEKVEN:
SLEFFTVLODVPVRODLKPAIVEVYDYYETDEFATAEYNAPCSKDLGNA

Thus, in some embodiments, the A2M protein portion of the protein complex corprises,
consists, or consists cssentially of an amino acid sequence that is at least 80, 85, 90, 95, 98, 99, or
100% ideutical to a sequence selected from Table A1, or a functional fragment thereof, In some
crabodiments, the functional fragment thereof comprises, consists, or consisis essentially of about
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1200, 1300, or 1400 contigucns amine acids of a
sequence selected from Table AL

For instance. 1 specific embodiments, the functional fragment thereof is composed of

approximately residues 1-1400, 1-1300, 1-1200, 1-1100, 1-1000, 1-900, 1-800, 1-700, 1-600, 1-500,
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1-400, 1-300, 1-200, 100-1400, 100-1300, 100-1200, 100-1100, 100-1000, 100-900, 160-800, 1060-
700, 100-600, 100-500, 100-400, 100-300, 100-200, 200-1400, 200-1300, 200-1200, 200-1100, 200~
1000, 200-900, 200-800, 200-700, 200-600, 200-500, 200-400, 200-300, 300-1400, 300-1300, 300-
1200, 300-1100, 300-1000, 300-900, 300-800, 300-700, 300-600, 300-500, 300-400, 400-1400, 400-
1300, 400-1200, 400-1100, 400-1000, 400-900, 400-800, 400-700, 400-600, 400-500, 500-1400, 300~
1300, 500-1200, $00-1100, 500-1000, 500-900, 500-800, 500-700, 500-600, 600-1400, 600-1300,
&00-1200, 660-1100, 600-1000, 606-960, 600-800, 600-700, 700-1400, 700-1300, 7001200, 700-
1100, 700-1000, 700-900, 700-800, 800-1400, 500-1300, 800-1200, 80G0-1100, 800-1000, 800-900,
900-1400, 960-1300, 900-1200, 90G-1100, 900-1000. 1000-1400, 1000-1300, 1003-12006, 1000-1 100,
1100-1400, 1100-1300, 1100-1200, 1200-1400, or 1200-1300 of a sequence selectied from Table AL
In some embodimenis, the functional fragment thereof is capable of forming an A2M homotetramer
and trapping or otherwise binding the serine profease (such as PPE) into the protein complex in a
configuration which sterically hinders binding of the serine protease to serine protease inhibitors such
as ATAT, retains CDYS protease cleavage activity and cancer~cell killing activity of the serine
protease, and/or inhibiis or otherwise reduces the sbility of the serine protease {o cleave fibrinogen.

In certain embodiments, the A2M portion of the protein conplex improves upiake into cancer
cells relative to the senne protease alone. For instance, AZM binds to the LPR1 and GRP7S8 wceptors,
which are expressed on normal and cancer cells. Tadeed, elevated GRP7E levels generally conrelate
with higher pathelogic grade, recurrence, and poor patient survival in breast, Hver, prostaie, colog,
and gastne cancers (see, for example, Lee, Cancer Res. 67:3496-3499 2007), and in some instances
the ability of A2ZM to bind GRP73 1mproves selective targeting to cancer celis that express GRP78.

In some embodiments, the A2M portion of the protein complex is fused or otherwise
conjugated to an antibody, or an antigen binding fragment thereof. In sonme embodiments, the
antibody, or antigen binding fragment thereof, specifically binds to a tumor-associated antigen {TAA)
or imor-specific antigen (TSA). Exemplary TAAs and TSAs include, without limitation,
alphafetoprotein (AFP), epithelial tumor antigen (ETA), tyrosinase, human Her2/neu, Herl/EGF
receptor {(EGFR), Her3, A33 antigen, B7H3, CDS, CD19, CD20, CD22, CD23 (IgE Receptor),
melanoma associated antigen (MAGE), C242 antigen, 5T4, 1L-6, TL-13, vascular endothelial growth
factor VEGF (c.g., VEGF-A) VEGFR-I, VEGFR-2, VEGR-3, NRP2, (D330, CD33, CD37, CD40,
D44, CD5E, CD52, CD56, CD74, CD8Y, CD152, €260, CD221, CCR4, HLA-DR, CTLA-4, NPC-
1C, tenascin, vimentin, insulin-like growth factor 1 receptor {IGF-1R), alpha-fetoprotein, insulin-iike
growth factor 1 QGF-1}, carbonic anhydrase 9 (CA-IX), carcincembryonic antigen {CEA), goanyivl
cyclase €, NY-ESO-1, p53, swrvivin, inlegrin avB3, integrin o581, folate receptor 1, transmembrane
ghycoprotein NMB, fibroblast activation protein alpha (FAP), glycoprotein 75, TAG-72, MUCH,
MUCI6 (or CA-~123), phosphatidylserine, prostate-specific membrane antigen (PSMA), NR-LU-13
antigen, TRAIL-R1, tumor necrosis factor receptor superfamily member 10b (TNFRSF10B or

TRAIL-R2}), SLAM famly member 7 (SLAMEF7), EGP40 pancarcinoma antigen, B-cell activating
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factor (BAFF), platclet-derived growth facior receptor, glycoprotein EpCAM (17-1A), Programmed

Death-1, protein disulfide isomerase (PD1), Phosphatase of Regenerating Liver 3 (PRL-3), prostatic

acid phosphatase, Lewis-Y antigen, GD2 (a disialoganglioside expressed on twmors of

neuroectodermal origing. glypican-3

(GPC3), and mesothelin

The pharowceutical composition and protein complexes described herein comprise a serine

protease protein. Examaples of serine proteases jnclude porcine pancreatic elastase (PPE), buman

neutrophit elastase (ELANE), human cathepsin G (CTSG), human proteinase 3 (PR3), and haman

grawzyme B (GZMB). The amino acid sequences of excraplary full-length, wild-type serine protease

proproteins are provided in Table ST below.

Table 81. Pull-Length Serin

2 Protease Segquences

Name

WT PPE
proprotein,
signal peptide
unde

ASLVLYGHSTODFPETNARVVGGTEAQRNSWPEQISLQY i

SWAHRTCGGTLIRONWVMTAAHCVDRELTFRVVVGE {\ILN"“
Y IQKIVVEPYWNTDDVAAGYDIALL
C‘ I'H ANNSPCYITGWCGLTRTNGQLAQTLOQAY

LGCRVTREPTVFTRVSAYISWINNVIASN

\TD

LAQSVTLNSG &)
iR "W:(KH‘
LVNGQYAVHG

5

KNSMVCAGGDGVESGTQGEDEGGPLE

WT human ELANE,
peptidase domain
regsidues 30-247,
or residues 30-
267,

signal peptide
under

“’I LG RRLA' LFLACVLPALLLGGTALASEIVGGRRARPHAWPEMVS 2

IFCGATLIAPNEVMS

)AQ\"RRL\:L\K;V" LANM
FROAGVCFGDEGSP
nl—'\“ VAQFVNWIDSIIQRSEDNPCFHPRDPLPASRTH

CVANVNVRAVRVVLGAHNLSRR
[DPVNLLNDIVILOLNGSATINANVQVAQGL
LGRNRGIASVLQELNVIVVTSLCRRS
LVCNGLIRGIASFVRGGCASGLYRPD

WT human CTEG,
peptidase domain
regidues 21-243,
or residu 1
255,
signal peptide
underiined

MOPLLLLUAFLLPTGAEAGETIGGRESRPHSRPYMAYLQIQSRPAGY 3

SRCSGFLT\/R B D?VLTAAHCW TSNINVTLGAHNIGRRENTQQOHITAR

'1 C"f'thNGJ{“?I"[PPC"I' ]
I ERXKAAFKGDEGEPLLL
VSSFLPWIF’TT IRSFEKLLDOMETPL

RRVRRNRNVNPVALPRAQEGLRE
QLRVORDRRC
INNVAHGIVSYGK

WT Human PR3
peptidase d
*esidueb 28~248i

PSPALASVLLALLLSGCAARAARIVGGHEAQPHSRPYMASLY 4

MRGN DG.:B FC
EPTQQ:I:‘ SVAQVIFLNNYDAENKLNDVLLIQLSSPANLSASVATVQ

TLIHPSFVLTAAHCLRDIPQRLVNVVLGAHNVRT

M"“(m \'&:AHL‘PDA”‘\/ NVITVVTEFECRE
"”Lf"(‘l SEVIWGCATRLEFE

oegtld
regidue
signal
under

MOPTLLLLARL

LPRADAGE

28]
b2

KPHSEPYMAYIMIWDQK

KRCGGFLIRDDFVLTAARCWGSSTNVT
RPI:’HP\ (NPKNFSNDIMLLQLERKAKRTRAV

DPELKRKTEFRGDSGERPLVORNKVAQGIVEYGRNNGMPPRAC
VHWIKKTMERY

TLGAHNTI EPTQOFIPVE
CPLRLPSNKAQVKP
SWGEQTAPLGKHSHTLOEVEMTVOEDRKCESDLRHYYDST

Thus, in certain crbodiments, the serine profease prolein comprises, consists, or consists

essenially of a full-length, serine protease proprotein selected from Table 81, including biologically

active vanants and fragments thercof. In specific embodiments, the serine protease comprises,

consists, or consists essentially of an amino acid sequence that is at least 80, 85, 90, 93, 98, or 106%

identical to a sequence selected from Table S1.
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In certain embodiments, the serine protease profein is composed of the active peptidase
domain of a serine protease. Exemplary peptidase domain sequences of PPE (including exeraplary

owtants thereof), buman ELANE, human CTSG, and a human PR3 are provided in Table 52 below.

Table S3I. Exemplary Peptidase Domain Sequences

Name Sequance SEQ ID
NO:
PPE QRNSWPSQISLOYRSGSSWAHTCGATLIRQRWVMTAAHCVDRELT 5

Mutant F LNONDGTEQYVEYQRKIVVHEPYWNTDDVAAGYDIALLRLAQSYT
Q211F GVLPRAGTILANNSPCYITGWGLTRTNGOLAQTLQCAYL.PTVDYA
Y WESTVKNSMVCAGGDGVREGCEGDSGEFLHCLVNGOYAVHGEVTSE
CRNVTRKPTVETEVSAYISWINNVIASN
PPE EAQRNSWPSQISLOYRSGSSWAHACSETLIRQRWVMTAAHCVDRELT &
Mutant H JEEHNLNQNDGTEQYVGVOKIVVHEPYWNTDDVAAGYDIALLRLARSVT
T55a VOLGVLPRAGTILANNS PCYITERWGLTRTNGOLARTLOOA VDYA
ICESSSYUGEETVENSMVCAGEDEVRSGCQGDSGEPLHCLVNGOYAVHGVTSE
RLGCNVTRKPTVFTRVSAYISWINNVIASN
PPE AQRNSWPSQISLOYRSGESWAHACGGTLIRONWVMTAAHCVDRELT 7
Mutant F-H HNLNONDGTEQYVGVQKIVVHPYWNTDDVAAGYDIALLRLAQSVT
Q211F~ LGVLPEAGTILANNSPCYITGWGLTRTNGQLAGTLOQAYLPTVDYA
T55A SSYWGESTVKNEMVCAGEGDGVRSGCEFGDSGEPLHCLVNEOYAVHGVTEE
VSRLGCWVTRRPTVETRVSAYISWINNVIASK
PFE AQENSWPESQISLOYRSGSSWAHTCGGTLIRONWVMTAAHCVDRELT 8
Mutant A ’ LRONDGTEQYVGVQRIVVHPYWNTDDVAAGYDIALLRLAGSVT
Nz41A LNSYVQ PRAGTIL \ GWGLTRTNGQL,
ICSSSEYWGEST WVRSGCOGDSGEPL
VSRLGCAVTRKPTVFTRVEAVISWINNVIASN
PPE VVGETEAQRNSWRPESQTSLOYRSGSSWAHTCGETLIRQNWVMTAARCVDRELT S
Mubkant B FRVVVGEHNLNQNDGTECYVGVOKIVVHPYWNTDDVAAGYDIALLELAQSVT
N241Y LNSYVQLGVLPRACTILANNSPCYITCGWGLTRTNCOLAQTLOQAYLPTVDYA
TCSSS8YWERTVRKNSMYVCAGGDGVRESGCQGD SGERLECLVNGRYAVHEVITSE
VERLGCYVTRKPTVETRVSAYISWINNVIASN
PPE VVEETEAQRNSWESQISLOYRSGESWAHTCEETLIRQNWVMTAAHCVDAELT 10
Mutant C FRVVVGEANLNQNDGTES
R754A LNSYVOLGVLPRA
ICSSSSYWGSTVENSMVCAGEDGVRSGCQGDSGGRLEHCLVNGOYAVHGVTSE
GCNVTREPTVEFTRVSAYISWINNVIASN
PPE VVGGTEAQRNSWPSQISLOYRSGSSWAHTCEGETLIRONWVMTAAHCVDEELT 11
Mutant D NGEHNLNONDGTEQYVGEVQKIVVHPYWNTDDVAAGYDIALLRLAQSEVT

R75E VOLGVLPRAGTILANNSPCYITGWGLTRTNGOLAQTLOQAYLPTVDYA
SSYRESTVERSMVCAGEDEVRSGCQGEDSGEPLHCLVNGOYAVHGV TSR
TCNVITREKPTVETRVSAYTSWINNVIASN
VVGGTEAQRNSWPSOQTSLOYRSGSSWARTCGGTLIRONWVMTAAHCVDRELT 12
B FRVVVGEHNLNONDGTEQYVGVQRKIVVHPYWNTDDVAAGYDIALLRLAGSVT
LNSYVQLGVLPRAGTILANNSPCY ITGWGL TRTNGQLAL
ICSSSEYWGSTVKNSMVCAGGLGVRSGCAGDSGGPL
VSRLGCNVTRKPTVFTRVESAYISWINNVIASN

VNGOYAVHGVTSE

PFE VVGCTEAQRNSWPSQISLOYRSGSSWAHTCGGTLIRONWVMTAAHCVDRELT 13
Mutant & FRVVVGEHNLNONDGTEQYVGVQKIVVHPYWNTDDVAAGYDIALLRLAQSVT
R237A L 1O 4

SYVQLGVLPRAGTILANNG ITGWGLTRTNGRLACTLROAYLPTVIOYA

VVGEETEAQRNSWRSQIS! 3 TCGGTLIRQNWVMTAARCVDREEL 14
7 SEHNLNGNDG] NTDDVAAGYDI :
SYVQLGVLPRAGTILANNSPCYITGWGLTRTNGCLAQTLOCAYLPTY
SYWGESTVENSMVCAGGDGVREGCQGDAGGPLHCLVNGQYAVHG
B 1 SAYVISWINNVIASN

PPE VVEETEAQRNSWESQISLOYRSGSSWAHTCEGTLIRQNWVMTAAHCVARELT 15
Mutant J FRVVVGEHNLNQNDGTEQYVGVOKIVVHPYWNTDDVAAGYDIALLRLAQSVT

[oe)
[Px}
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ﬂ”o_‘KN?PV Ab”WGVRJfLC ngbDLHC*VNCCYAquVTCT

VETRVSAYTSWINNVIASK

WT PPE VVG TEAQ*DSNPSCI Q!RSGSSWAFTCGGTLIRQNWVMTAAHCVDRELT 1a

’t' RVVVGEEHNLI 1—'PYWNTDD\/’AZSv’»’vV”'J'l'ALLRJ‘A’")SVT
NSYVQ ]

ICSSSbYN”QﬂVKNSM”LAH

VSRLGCHVTRKPTVFTRVSAVISWINNVIASN

IVGGRRARPHAWPEFMVSLOLEGGRFCGATLIAPNFVMSAAHCVANVNVEAVR 17
VVLGABNLSKPEPTR‘"TAVQRITEQGYUP’NLLMDIJILQQN@EATIRANV

CJAQLPACGHRLuhGVQ’LZMGWG-
VOTLVRGRQA
FUNWIDSITC

LGRNRGIASVLOELNVIVVTSLCRREN
'1PbTHSEVRG(CAUGﬁYPDAFAPV%Q

18

NPVAL } PETLOTVAGWGRVE MR RQCL
:bYLPQR”IW”GDRRERKAAVKQDQG”“LLWNWVAH“I””‘ GVPPEVE
TRVSSFLPWIRTTMRSFKLLDOMETPL

Human PR3 EAQPHSRPYMASLOMRGNPGSHFCGEGTLIHPSFVLTAAHCLEDIPQOR 19
LVNVV INVRTQEPTQQHFEVAQVIFLNNYDAENKLNDVLLIQOLSSPANLS
ASVATY VQLPD SDOEVPHGT Q”LAVGQGR‘bAHWP”AQVL ELNVIVVTEFFCR
PH:'”T“V TCFGRSGGEPLICDGIIQGIDSEVIWGCATRLEFPDEFFTR
V. SAKG
ITGGHEAKPHSRPYMAYLMIWDOKSL

KR”GG‘LIRDDFVLTAAWFWugS*QJ 20
: B | TLGAHNIKEQEPTOQFIPVKEPIPHPAYNPENFENDIMLL,
OPLRLEPSNKAQVIPGQTCEVAGWGOTAPLGKHSHTLOQEVEMTVQEDEXCESD
LRHYYDSTIELCVEDPEIKKTSFKGDSEGPLVCNKVAQGIVEYGRNNGMPPR
ACTRVSSFVHWYKKTMKRY

Thus, 1n some embodiments, the serine protease protein comprises, consists, ¢r CONSists
essentially of a serine protease peptidase domain sequence selected from Table 82, including
biologically active variants and fragments thereof. In specific embodiments, the serine protease
protein comprises, consists, or consists essentially of an amino acid sequence that is at least 80, 85,
90, 95, 98, or 100% identical to a sequence selected from Table 82

In some crmbodiments, the serine protease profein is a PPE protein, for example, wherein:

the PPE protein compﬁses, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 96, 95, 98, 99, or 100% identical to SEQ 1D NO: 5, and which wetains the Q211F
amino acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amine acid sequence that is
at least 80, 83, 90, 95, 98, 99, or 100% identical to SEQ 1D NG: 6, and which retains the TS5A amno
acid substitution;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at feast 80, 85, 96, 95, 98, 99, or 100% identical to SEQ 1D NO: 7, and which retains the Q211F and
T35A amino acid substitutions;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that s
at Jeast 80, 83, 90, 95, 98, 99, or 100% identical to SEQ ID NO: §, and which retains the N241A

antine acid substitution;
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the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ ID NO: 9, and which rctains the N241Y
amino acid substitution;

the PPE protein comprises, consists, ot consists essentially of an amine acid sequence that is
at least 80, 85, 96, 95, 98, 99, or 100% identical to SEQ 1D NG 10, and which retains the R75A
amino acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amine acid sequence that is
al feast 80, 85, 90, 95, 98, 99, or 100% identical to SEQ 1D NO: 11, and which retains the R75E
amino acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at feast 80, 85, 90, 93, 98, 99, or 100% identical to SEQ 1D NGO 12, and which retains the Q211A
anmino acid substitution;

the PPE protein comprises, consists, o consists essentially of an amino acid sequence that is
atleast 80, 83, 90, 935, 98, 99, or 100% identical to SEQ D NO: 13, and which retains the R237.
amine acid substitution;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at Jeast 80, 85, 90, 95, 98, 99, or 100% identical to SEQ D NG: 14, and which retains the S214A
amino acid substifntion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 835, 90, 95, 98, 99, or 100% identical to SEQ [D NO: 15, and which retains the D74A
amino acid substitution; and

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 83, 96, 95, 98, 99, or 100% identical to SEQ B NO: 16,

In some embodiments, the serige protease protein is a human ELANE protein, for example,
wherein the hurman ELANE protein comprises, consists, or consists essentially of an amino acid
sequence that is at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ 1D NO: 17. In some
embodiments, the serine protease protein is a human CTSG protein, for instance, wherein the human
CTSG protein comprises, consists, or consists essentially of an amino acid sequence that is at least 80,
85, 90, 93, 98, 99, or 100% identical to SEQ I NO: 18, In some embodiments, the scrine protease
protein is a human PR3 protein, for example, wherein the human PR3 protein comprises, consists, o1
consists essentially of an aming acid sequence that is at least 80, 85, 90, 95, 98, 99, or 100% identical
to SEQ ID NG: 19. In some embodiments. the serine protease protein is a human granzyme B protein,
for example, wherein the human granzyme B protein comprises, consists, or consists essertially of an
amino acid sequence that is at least 80, 85, 90, 95, 98, 99, or 100% wdentical to SEQ 1D NG: 20.

As noted above, in certain embodiments, (a) and (b) are present in the composition at a molar
ratio of {{a)y:(b)] that ranges from about 1:3 (o about 1:1, for example, a molar ratio of about 1:3, 1:2.9,
1:28 127, 1226, 1:25 1:24, 1:223, 1: 2.1, 1:2, 1019, 118, 117 1006, 1015, 114, 1:1.3, 1.2,
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1:1.1, or 1:1. In specific aspects, the molar ratio defined herein retains the CD93 protease cleavage
and cancer cell-killing activity of the serine protease while sterically hindering it from binding to
serine protease inhibitors {¢.g., A1AT). fibrinogen and/or plasma antibodies, thereby protecting it
from inhibition by serine protease inhibitors or plasma antibodies, and inhibiting or otherwise
reducing its abiliéy to cleave {ibrinogen.

Thus, in certain embodiments, the protein complex retains the ability to cleave CD9S (Fas
Receptor) and does not substantially cleave fibrinogen. {n some embodiments, a protein complex
described herein has about or at least about 50, 60, 70, 80, 94, 100, 200, 300, 400, 500, 660, 700, 800,
900, or 1000% or more of the CD93 prolease cleavage and/or cancer cell-killing activity of the
corresponding serine protease protein on its own (for example, in the presence of serine protease
inhibitors in plasma such as ATAT). In certain embodiments, a protein complex desenibed herein hag
about or less than about 50, 40, 30, 20, 10, 5% or less of the fibrinogen protease cleavage activity of
the corresponding scrine profease protein on iis own. CD95 cleavage activity, cancer celi-killing
activity, fibrinogen cleavage activity, and coagulation propertics can be measured according to routine
technigues in the art (see, the Examples). For example, serine protease activity more generally can be
monitered using a colorinetric substrate activity assay (N-Methoxysuccinyl-Ala-Ala-Pro-Val p~
nitroanilide), and CD9S andior fibrinogen cleavage cas be measured directly (e.g., Westem blot). As
desited, protease cleavage activity can be measured in the presence of serine protease inbibitors such
as ATAT. Casncer cell-killing activily canbe measured /in vitro or in vivo, and effects on coagulation in
vivo can be measured, for example, by routine assays such as prothrombin (PT) time and partial
thromboplastin (PTT) tire (see the Examples).

In some embodiments, a protein complex described herein is generated in vivo or ex vivo, for
example, in a cell by contacting a cell or subject with one or more expressible polynucleotides that
encode the (a) alpha-2-macroglobulin (A2M) proteins and the (b) serine protease proteins. The protein
coniplexes then form within the cell. An “expressible polymucieotide” includes a DNA, cDNA, RNA,
mRNA or other pelynuclectide that comprises at least one coding sequence for (a) and/or (b) and
optionally at least one expression control sequence, for example, a transcriptional and/or translational
regulatory element, and which can ¢xpress the encoded proteinds) upon introduction into the cell, for
example, a cell in the subject. Certain embodiments include contacting as ex vive celt with the one or
more expressible polynucleotides that encede (a) and (b) and administering the cell to a subject

Excraplary viral vectors that can be utilized to deliver an expressible polynucieotide inchide
adenoviral vectors, herpes virus vectors, vaccinia viras vectors, adeno-associated virus {AAV)
vectors, and retroviral vectors such as lentiviral vectors. Examples of retroviral vectors include, but
are not limted to Moloney murine leukemia virus (MoMuL V), Harvey marine sarcomma virgs
{(HaMuSV), munne mammary tomor virns (MuMTV}, SIV, BIV, HIV and Rous Sarcoma Virus
{RSV)-based vectors. In particular emnbodiments, the expressible polynucicotide is a modified RNA or

modified mRNA polyoucleotide, for example, a non-naturally occurring RNA analog. In certain

26



WO 2024/211493 PCT/US2024/022956

embodiments, the modificd RNA or mRNA polypeptide comprises one o7 more modificd or non-
natural bases. In some embodiments, the modified mRNA comprises one or more modified or non-
natural intermuclectide linkages. Expressible RNA polynucieotides for delivering an encoded protein
are described, for example, in Kormann et al., Nat Biotechnol. 29:134-7, 2011; and U.S. Application
Nos. 2015/01 11248, 201470243399, 2014/0147454; and 2013/0245104, which are incomporated by
reference in their entireties.

In some ermbodiments, a protein complex described herein has one or more fmproved
biological. physical. and/or pharmacokinetic properties, relative to the corresponding serine protease
protein on us own. The protein complexes described herein can be used 1 any of the compositions,

methods, and/or kits described hercin,

Methods of Use and Pharmaceutical Compositions

Certain embodiments include methods of treating, ameliorating the symptonis of, and/or
reducing the progression of, a disease or condition in a subject in need thereof, comprising
administering to the subject a composition comprising a protein complex, as described herein. In
particnlar embodiments, the discase is a cancer, that is, the subject in need thercof has, is suspected of
having, ot is at usk for having, a cancer,

In particular embodiments, the cancer is a primary cancer or a metastatic cancer. In specific
embodiments, the cancer s selecied from one or more of melanoma {opticnally metastatic
melanoma), breast cancer (optionally triple-nepgative breast capcer, TNBC), kiduey cancer (optionally
renal cell carcinoma), pancreatic cancer, bone cancer, prostate cancer, hung cancer (for example. small
cell hung cancer, non-small cell lung cancer (NSCLC), squamous cell lung carcinoma), mesothelioma,
leukemia {optionally lvmphocytic lenkemia, chronic myelogenous leukemia, acute myeloid lcukemia,
or relapsed acute myeloid leukemia), multiple myecloma, lymphoma, hepatoma (hepatoccular
carcinoma), sarcoma, B-cell malignancy, ovarian cancer, colorectal cancer, ghoma, glioblastoma
multiforme, meningioma, pitnitary adenoma, vestibular schwannoma, prirsary ONS lymphoma,
primifive nonroectodermal tumor (medulioblastoma), bladder cancer, nterne cancer, csophageal
cancer, brain cancer, head and neck cancers, cervical cancer, testicular cancer, thyroid cancer, and
stomach cancer.

{a scroe crabodiments, as noted above, the cancer is a metastatic cancer. Further to the above
cancers, exemplary metastatic cancers include, without limitation, bladder cancers which have
metastasized to the bone, liver, and/or lungs; breast cancers which have metastasized 1o the bone,
brain, liver. and/or hings; colorectal cancers which have metastasized to the bver, hungs, and/or
peritoncom; kidney cancers which have metastasized to the adrenal glands, bone, brain, Bver, and/or
longs; hung cancers which have metastasized to the adrenal glands, bone, brain, Hver, and/or other
lung sites; melanomas which have metastasized to the bone, brain, Hiver, lung, and/or skin/muscle;

ovarian cancers which have metastasized to the liver, lung, and/or peritoneum; pancrealic cancers
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which have metastasized o the liver, lung, and/or perifoneum; prostate cancers which have
metastasized to the adrenal glands, bone, liver, and/or lungs; stomach cancers which have
metastasized to the liver, Jung, and/or peritonenm; thyroid cancers which have metastasized to the
bone, liver, and/or lungs, and uterine cancers which have netastasized to the bone, liver, hung,
pertoneum, and/or vagina; among others.

Ta certain embodiments, administration {(for example, infravenous administration) of the
serine protease-containing protein coraplex or composition does not substantially tmpact coaguolation
in the sabject. for example, it does rot substantially increase prothrombin timme or partial
theoraboplastiin e 1n the subject (for example, relative to administration of the corresponding serine
protease on its own). In certain embodiments, administration of a serine protease~contaimng protein
complex described herein has a significantly reduced impact on coagulation in the subject relative to
administration of the cormresponding serine protease alone.

The methods for treating cancers can be combined with other therapeutic modalities. For
cxample, a comebination therapy described herein can be administered to a subject before, during, or
after other therapeutic interventions, including symptomatic care, radiotherapy, surgery,
transplantation, hormone therapy, photodynamic therapy, antibiotic therapy, or any combination
thereof. Symptomatic care includes administration of corticosterotds, 1o reduce cerebral edema,
headaches, cognitive dysfunction, and emesis, and admainistration of anti-convulsasts, to reduce
setzures. Radictherapy 1ocludes whole-brain trradiation, fractionated radiotherapy, and adiosurgery,
such as sterectactic radiosurgery. which can be farther combined with traditional surgery.

Certain embodiments thus inchude combination therapies for treating cancers, including
methods of treating ameliorating the symptoms of, or inhibiting the progression of, a cancerina
subject 1 need thereof, comprising adminisiering to the subject a composition of a protein complex
described herein in combination with at least one additional agent, for example, an immunotherapy
agent, a chemotherapeutic agent, a hormonal therapeutic agent, and/or a kinase inhibitor. In some
embodiments, adormistering the composition enhances the susceptibility of the cancer to the
additional agent (for example, inununotherapy agent, chemotherapeutic agent, hormonal therapeutic
agent, and or kinase inhibitor) by about or at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70,
80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000% or more relative to the additional
agent alone,

Certain combination therapies employ one or more cancer immunotherapy agents, or
“mnmunotherapy agents”. In certain instances, an immunotherapy agent modulates the immune
response of a subject, for example, (o 1ncrease or maintain a cancer-related or cancer-specific imumune
response, and thereby resalts in increased immune cell iphibition or reduction of cancer cells.
Exemplary immunotherapy agents inclade polypeptides, for example, antibodies and antigen-binding
fragments thereof, ligands, and small peptides, and mixtures thereof. Also include as immunotherapy

agents are small molecules, cells {e.g., immune cells such as T-cells), various cancer vaccings, gene
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therapy or other polynucieotide-based agents, including viral agents such as oncolviic viruses, and
others known in the art. Thus, in certain embodiments, the cancer inmwunotherapy agent is selected
from one or more of imunune checkpoint modulatory agents, cancer vaccines, oncolytic viruses,
cytokines, and cell-based immunoctherapics.

{a certain ewbodiments, the cancer trrpunctherapy agent is an immune chackpoint
modulatory agent. Particular exameples inclode “antagonists” of one or more inhibitory imumune
checkpoint molecales, and “agonists” of one or more stimulatory inunene checkpoint molecules.
Generally, imone checkpoint molecules are components of the immune system that either bunup a
signal (co-stimulatory raolecules) or turn down a sigaal, the targeting of which has therapeutic
potential in cancer becanse cancer cells can perturb the natural function of inmmune checkpoint
molccudes (see, e.g.. Sharma and Allison, Science. 348:56-61, 2015; Topahian et al., Cancer Cell.
27:450-461, 2015; Pardoll, Nature Reviews Cancer. 12:252-264, 2012). In some embodiments, the
imomne checkpoint modulatory agent (¢.g., antagonist, agonist) “binds” or “specifically binds” to the
one or more immune checkpoint molecules, as descrbed herein

In sonwe embodiments, the immune checkpoint modulatory agent is an antagonist or inhibitor
of one or more inhibitory tmnune checkpoint molecules. Exemplary inhibitory tmmune checkpoint
raolecules include Programmed Death-Ligand 1 (PD-L1), Proganwed Death-Ligand 2 (PD-L2),
Programred Death 1 (PD-1), V-domain Ig suppressor of T cell activation (VISTA), Cytotoxic T-
Lyrmapbocyte-Associated protein 4 (CTLA-4), Indoleamine 2,3-dioxygenase (IDQ), tryptophan 2.3~
dioxygenase (TDO), T-cell bumuncglobulin domain and Mucin domain 3 {(TIM-3), Lymphocyte
Activation Gene-3 (LAG-3), B and T Lymphocyte Attenmator (BTLA), CD 160, and T-cell
immunoreceptor with Ig and ITIM domains (TIGIT).

{n certain embodiments, the agent is a PD-1 (receptor) antagonist or inhibitor, the targeting of
which has been shown to restore immune function in the tumor environment {(se¢, ¢.g., Phillips et al.,
Int Immunol. 27:39-46, 2015). PD-1 is a cell surface receptor that belongs to the immunoglobulin
superfamily and is expressed on T cells and pro-B cells. PD-1 interacts with two ligands, PD-L.1 and
PD-L2. PD-1 functions as an inhibitory tmmune checkpoint molecule, for example, by reducing or
preventing the activation of T-cells, which in tm reduces autotmmunity and promotes sclf-tolerance.
The inhibitory effect of PDI-1 1s accomplished at feast in part through a dual mechanism of promoting
apoptosis in antigen specific T-cells 1o lymph vodes while also reducing apoptosis i regulatory T
cells (suppressar T cells). Some examples of PD-1 antagonists or inhibitors inclode an antibady or
antigen-binding fragment or small molecule that specifically binds to PD-1 and redoces one or more
of 15 frmune-suppressive activities, for example, its downstream signaling or its interaction with PD-
L1, Specific examples of PD-1 antagomsts or inhibitors include the antibodies nivolamab,
pembrolizamab, PDRO0T, MK-3475, AMP-224, AMP-514, and pidilizumab, and antigen-binding
fragments thereof (see, e.g., U.S. Patent Nos. 8,008 449; 8,993,731; 9,073.994; 9,084,776, 9,102,727,
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9,102,728, 9,181,342, 9.217,034; 9,387,247, 9,492,339; 9,492,540, and 1. 3. Application Nos.
2012/0039906; 2015/0203579).

Ta some erabodiments, the agent is a PD-L 1 antagonist or inhibitor, As noted above, PD-L1 is
one of the natural ligands for the PB-1 receptor. General examples of PDR-L.1 antagonists or inhibitors
include an antibody or antigen-binding fragment or small molecule that specifically binds to PD-L1
and reduces one or more of its Unranne-suppressive activities, for example, its bindiag to the PD-1
receptor. Specific examples of PD-L1 antagonists include the antibodies atezolizamab
{MPDL3280A), avehunab (MSBO016718C), and durvalumab (MEDI4736), and antigen-binding
fragroents thereof (see, e.g., U.S. Patent Nos. 9,102,725; 9,393,301, 9,402.899; 9,439.902).

I some embodiments, the agent is a PD-L2 antagonist or inhibitor. As noted above, PD-L2 is
one of the natural ligands for the PD-1 receptor. General examples of PD-L2 antagonists or inhibitors
include an antibody or antigen-binding frugment or small molecule that specifically binds to PD-L2
and reduces one or more of its immune-suppressive activities, for example, its binding to the PD-1
recepior.

i certain embodiments, the agent is a VISTA antagonist or inhibitor. VISTA i
approximately 50 kDa in size and belongs to the immunoglobulin superfamily (it has one IgV
domain} and the B7 family. [t is primarily expressed in white blood cells, and its transcription is
partially controlled by p33. There is evidence that VISTA can act as both a ligand and a recoptoren T
cells to inhibit T cell effector function and maintain peripheral tolerance. VISTA is produced at high
levels in tmor-nfilieating Iyraphocyies, such as myclowd-derived suppressor cells and regulatory T
cells, and its blockade with an antibody results in delayed tumor growth in mouse models of
melanoma and squamous cell carcinoma. Exemplary anti-VISTA antagonist antibodies include, for
example, the antibodies described in WO 2018/237287, which is incorporaled by reference in its
entirety.

In some embodiments, the agent is a CTLA-4 antagonist or inhibitor. CTLA4 or CTLA4
{cyiotoxic T-lymphocvie-associated protein 4), also known as CD152 (cluster of differentiation 152),
is a profein receptor that functions as an inhibitory tramune checkpoint molecule, for example, by
transmitting inhibitory signals to T-cells when it is bound to CD80 or CD86 on the surface of antigen-
presenting cells. General exarples CTL A4 antagonists or inhibitors inchude an antibody or antigen-
binding fragment or small molecule that spectfically binds to CTLA-4. Paricalar examples 1aclude
the anotibodics ipiinomab and tremelimumab, and antigen-binding fragments thereof. At least same
of the activity of ipiliraumab 1s believed o be mediated by antibody-dependent cell-mediated
cytotoxicity (ADCC) kilhing of suppressor Tregs that express CTLA-4.

Ia sore erabodiments, the agent 1s an IO antagonist or nhibitor, or a TDO antagonist or
inhibitor. IDO and TDO are tryptophan catabolic enzymes with immune-inhibitory properties. For
cxample, 1DO is known to suppress T-cells and NK cells, generate and activate Tregs and myeloid-

derived suppressor cells, and promote tumor angiogenesis. General examples of DO and TDO
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amtagonists or inhibitors include an antibody or antigen-binding {fragment or small molecule that
specifically binds to DO or TDO (see, e.g., Platien et al., Front Immunol. 5: 673, 2014) and reduces
or inhibifs o1 OF MOTE IMUNUNC-SUPPIessive activities, Specific examples of IDO antagonisis or
inbibitors include indoximod (NLG-8189), t-methyi-typtopban (1MT), f-Carboline {notharmane;
SH-pyrido{3.4-blindcle), rosmarinic acid, and epacadostat (see, e.g.. Sheridan, Nature Biotechnology.
33:321-322, 2015). Spectfic examples of TR antagounists or inhibitors include 680C%1 and LM1O
{sec, ¢.g., Pilotte ct al., PNAS USA. 109:2497-2502, 2012y

In some embodiments, the agent is a TIM3 antagonist or inhibitor. T-cell Immunoglobulin
domain and Mucin domarn 3 (TIM-3}) 1s expressed on activated huraan CD4+ T-cells and regulates
Thi and Thi7 cyiokines. TIM-3 also acts as a negative regulator of Thi/Tel function by triggering
cell death upon interaction with its ligand, galectin-9. TIM-3 contributes to the suppressive tumor
microenvironment and i{s overexpression is associated with poor prognosis in a variety of cancers
(sec, e.g., Liet al, Acta Oncol. 54:1706-13, 2015). General examples of TIM-3 antagonists or
inhibitors include an antibody or antigen-binding fragment or small molecule that specifically binds to
TIM-3 and reduces or inhibits one or more of iis Immune-suppressive activities.

In sonwe embodiments, the agent is a LAG-3 antagonist or inhibitor. Lymphocyte Activation
Gene-3 (LAG-3) is expressed on activated T-cells, natural killer cells, B-cells and plasmacytoid
dendritic celis. It negatively regulates cellular proliferation, activation, and homeostasis of T-cells, in
a siyptlar fashion to CTLA-4 and PD-1 (see, ez, Workman and Vignali. European Journal of Inunun.
33:970-9, 2003 and Workman et al., foomal of b 172: 5450--3, 2004}, and has been reported
to play a role in Treg suppressive function (sce, e.g.. Huang ¢t al., barounity. 21: 503-13, 2004).
LAG3 also maintains CD8+ T-cells in a tolerogenic state and combines with PD-1 to maintain CD8
T-cell exhaustion. General examples of LAG-3 antagonists or inhibitors include an antibody or
antigen-binding fragment or small molecule that specifically binds to LAG-3 and inhibits one or more
of its immune-suppressive activities. Specific examples include the antibody BMS-986016, and
antigen-binding fragments thereof.

In some crbodiments, the agent is a BTLA antagonist or inhibitor. B- and T-lviaphocyte
attermator (BTLA; CD272) expression is induced during activation of T-cells, and it inhibits T-cells
via interaction with tumor secrosis family receptors (TNF-R) and B7 family of cell surface receptors.
BTLA ts a ligand for tumor necrosis factor {receptor) superfamily, member 14 (TNFRSF14), also
known as herpes vires entry mediator (HVEM). BTLA-HVEM complexes negatively regulate T-cell
imrune responses, for example, by inhibiting the function of human CD8+ cancer-specific T-cells
{sec, ¢.g., Derré et al., J Chn Invest 120:157-67, 2009). General examples of BTLA antagonists or
indubitors include an antibody or antigen-binding fragrent or small moelecude that specifically binds to
BTLA-4 and reduce one or more of its immunc-suppressive activities.

In some embodiments, the agent is an HVEM amtagonist or intubitor, for example, an

antagomst or inhibitor that specifically binds 1o HVEM and interferes with its interaction with BTLA
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or CD160. General examples of HVEM antagonists oy inhibitors include an antibody or antigen-
binding fragment or small nwolecule that specifically binds to HVEM, optionally reduces the
HVEM/BTLA and/or HVEM/CD 66 interaction, and thereby reduces one or more of the immune-
suppressive activities of HVEM.

1o some crabodiments, the agent is a CD 160 antagonist or inhibitor, for example, an
artagonst or inhibitor that specifically binds to CI 60 and intederes with its interaction with HVEM,
General examples of CD60 antagomists or inhibitors include an antibody or antigen-binding fragment
or siall molecule that specifically binds to C160, optionally reduces the CD160/HVEM interaction,
and thereby reduces or inhibits one or more of its immane-suppressive activities,

In some embodiments, the agent is a TIGIT antagonist or inthibitor. T cell Ig and ITIM
domain {TIGIT) is a co-inhibitory receptor that is found on the surface of a variety of lymphoid cells,
and suppresses antittonor immunity, for example, via Tregs (Kurtulus et al., J Chn Invest. 125:4053-
4062, 2015). General examples of TIGIT antagonists or inhibitors include an antibody or antigen-~
binding fragment or small molecule that specifically binds to TIGIT and reduce one or more of ifs
immune-~suppressive activities (see, ¢.g., Johnston et al., Cancer Cell. 26:923-37, 2014).

In certain embodiments, the inmne checkpoint modulatory agent is an agonist of one or
raore stimulatory imunuoe checkpoint molecules. Exeraplary stimulatory tmmmune checkpoint
maolecules include CD40, OX40, Ghucocorticoid-Induced TNFR Family Related Gene (GITR),
CD37 (4-1BB), D27, D28, CD226, and Herpes Vios Entry Mediator (HVEM).

{n some embodiments, the agent is a CD46 agomist. CD40 is expressed on antigen-presenting
cells (APC) and some malignancics. Its Hgand is CD4OL (CD134). On APC, Hgation results in
upregulation of costimmulatory molecules, potentially bypassing the need for T-cell assistance in an
antitumor immune response. CD40 agonist therapy plays an important role in APC maturation and
their migration from the tumor to the lymph nodes, resulting in elevated antigen presentation and T
cell activation. Anti-CD40 agonist antibodics produce substantial responses and durable anticancer
immnnity in animal models, an effect mediated at least in part by cytotoxic T-cells {see, ¢.g., Jolmson
et al. Chin Cancer Res. 21: 1321-1328, 2015; and Vonderheide and Glennie, Clin Cancer Res.
19:1635-43, 2013). General examples of CD40 agonists include an antibody or antigen-binding
fragrent or sowll molecule or lizand that specifically binds to CD40 and increases one or more of its
tmmunostunulatory activities. Specific examples inchude CP-870,893, dacetuzuniab, Chi Lob 7/4,
ADC-1013, CD40L, rbCDM4OL, and antigen-binding fragments thereof. Specific examples of CD40
agonists inclnde, bot are not limited to, APX00S (see, ez, US 2012/030148%) and APXO0SM (see.
ez, US 2014/0120103).

Ia sore erabodiments, the agent 1s an OX40 agonist. OX40 (CD134) promotes the expansion
of effector and memory T cells, and suppresses the differentiation and activity of T-regulatory celis
{sec, ¢.g., Croft et al., Immunol Rev, 229:173-91, 2009). s igand is OX40L (CD252). Since UX40

signaling influences both T-cell activation and survival, it plays a kev role in the initiation of an anti-
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trmor tninune response in the lymph node and in the maintcnance of the anti-tumor imrnune response
in the fumor microenvironment. General exaraples of OX40 agonists include an antibody or antigen-
binding fragment or small molecule or ligand that specifically binds to OX40 and increases one or
more of its imrmunocstimulatory activities. Specific exanples nchide OX86, OX-40L, Fe-OX40L,
GSK3174998, MEDI0562 (a bumanized OX40 agomist), MEDIS469 (murine OX4 agonist), and
MEDI6323 (an OX40 agonist), and antigen-binding fragments thereof

1n some crabodiments, the agent is a GITR agomst. Glucocorticoid-Induced TNFR family
Related gene (GITR) 1ncreases T cell expansion, inhibits the suppressive activity of Tregs, and
extends the sarvival of T-effector cells. GITR agonists have been shown to promote an asti-tumor
response through loss of Treg lincage stability (see, e.g., Schaer et al., Cancer lmmunol Res. 1.320-
31, 2013). These diverse mechanisms show that GITR plays an important role in imtiating the
immune response in the lvmph nodes and in maintaining the immune response in the tumor tissue. lis
ligand is GITRL. General exaniples of GITR agonists include an antibody or antigen-binding
fragment or small molecule or ligand that specifically binds to GITR and increases one or more of its
immunostimulatory activities. Specific examples include GITRL, INCAGNO1876, DTA-,
MEDT1873, and antigen-binding fragments thercof

In some embaodiments, the agent is a CD137 agonist. C137 (4-1BB) is a member of the
turnor necrosis factor (TNF) receptor family, and crosslindking of CD 137 enhances T-cell
profiferation, 1L-2 secretion, survival, and cytolytic activity. CD137-medialed signaling also profects
T-cells sach as CD8+ T-cells from activation-induced cell death. General examples of COI37
agomsts inchude an antibody or antigen-binding fragment or small molecule or ligand that specifically
binds to CD137 and increases one or more of its immunostimulatory activities. Specific examples
include the CD137 (or 4-1BB) ligand (sce, e.g., Shao and Schwarz, J Leukoc Biol 89:21-9, 2011) and
the antibody womilumab, inchnding antigen-binding fragments thereof.

in some embodiments, the agent is a CD27 agomst. Stimulation of CD27 increases antigen~
speciific expansion of naive T cells and contributes to T-cell memory and long-tern: maintenance of T-
cefl tramunity. Its ligand is CD70. The targeting of human CD27 with an agonist antibody stimulates
T-cell activation and antittmor imownity (sce, .g., Thomas et al., Oncoimmunology. 2014;3:227255,
doin10.416/onci 272585 and He et al ., J Immunol. 191:4174-83, 2013). Geuneral examples of CD27
agomnists include an antibody or antigen-binding fragment or simall molecule or igand that specifically
binds to CD27 and increases one or more of its Ummunostimulatory activities. Specific examples
include CD70 and the antibodies vardlilumab and CDX-1127 (1F3), including antigen-binding
fragments thereol.

Ia sore embodiments, the agent 1s a CD28 agonist. CO28 is constitotively expressed CD4+ T
cells some CDE+ T cells. Its ligands inchude CD80 and CD86, and its stimulation increases T-cell
cxpansion. General examples of CD28 agonists inchide an antibody or antigen-binding fragment or

stnall molecule or ligand that specifically binds to CD28 and increases one or more of ifs
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immunostimulatory activities. Specific exaniples include CD80, CDB6, the antibody TABOS, and
antigen-binding fragments thereof.

To some embodiments, the agent is CD226 agondst. D226 is a stimulating receptor that
shares ligands with TIGIT, and opposite to TIGIT, engagement of CT¥226 enbances T-cell activation
{s¢e, ¢.g., Kurtulus et al., J Clinlovest. 125:4053-4002, 20135, Bottine et al., J Exp Med. 1984:557-
567, 2003, and Tahara-Haoaoka et al., Int Iromounol. 16:333-538, 2004). General exarmaples of D226
agonists inclnde an antibody or antigen-binding fragment or small moleculde or igand (e.g., CD112,
D155} that specifically binds to CD226 and increases one or more of #s immunostimulalory
activities.

In some embodiments, the agent is an HVEM agonist. Herpesvirus entry mediator (HVEM),
also known as tumor necrosis factor receptor superfamily member 14 (TNFRSF14), is a human cell
surface receptor of the TNF-receptor superfamily. HVEM is found on a variety of cells inclnding T-
cells, APCs, and other immune cells. Unlike other receptors, HVEM is expressed at high levels on
resting T-cells and down-regulated upon activation. It has been shown that HVEM signaling plays a
crucial role in the carly phases of T-cell activation and during the expansion of tumor-specific
Iymphocvie populations in the Ivmaph nodes. General examples of HVEM agonists include an
antibody or antigen-binding fragment or small molecule or ligand that specifically binds to HVEM
and increases one o7 move of its inowmostimulatory activities,

I certarn embodiments, the immnunotherapy agent 1s a bi-specific or multi-specific antibody.
For instance, certain bi-specific or muldti-specific antibodics are able to (1) bind to and inhibit one or
more tnhibitory immune checkpoint molecales, and also (3f) bind to and agonize one or more
stimulatory immune checkpoint molecules. In certain embodiments, a bi~specific or multi-specific
antibody (i) binds to and ighibits one or more of PD-L1, PD-L2, PD-1, CTLA-4, (DO, TDO, TIM-3,
LAG-3, BTLA, CD160, and/or TIGIT, and also (i) binds to and agonizes one or more of CD40,
OXA40 Glucocorticoid-Induced TNFR Family Related Gene (GITR), CD137 (4-1BB), CD27, CD28,
3226, and/or Herpes Virus Entry Mediator (HVEM).

In some embodiments, the immunotherapy agent is a cancer vaccine. In certain embodiments,
the cancer vaccing is selected from one or more of Oncophage, a buman papillomavirus HPV vaccine
optionaily Gardasil or Cervanix, a bepatitis B vaccine optionally Engerix-B, Recombivax HB, or
Twinrty, and sipuleucel-T (Provenge). In some embodiments, the cancer vaccing comprises of
expresses a TAA or TSA as described bergin

In some ermbodiments, the immunotherapy agent is an oncolytic vituses. In some
cmbodiments, the oncolytic viras selected from one or more of talimogene laherparcpvec (T-VEC),
coxsackievirus A2 (CAVATAK™), Oncorine (H101), pelareorep (REOLYSIN®)Y), Seneca Valley
virus (NTX-010), Senecavirus SYV-001, ColoAdl, SEPREHVIR (HSV-1716), CGTG-102 (Ad5/3-
D24-GMCSE), GL-ONCE, MV-NIS, and DNX-2401.
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In certain embodiments, the cancer immunctherapy agent is a cyiokine. Exemplary cviokines
include interferon (JFNj~g, 1L-2, 1L-12, 1L-7, 1L-21, and Granulocyte-macrophage colony-stimulating
factor (GM-CSF).

1a certain embodiments, the cancer tmrmunctherapy ageunt is cell-based inurunotherapy, for
example, a therapy that vtilizes inunune cells, including ex vivo-denved tmmune cells, such as
lymphocytes, natural killer (NK) cells, maceophages, and/or dendritic cells (DCs). In sone
crabodiments, the lymphocytes comprise T-cells, for example, cytotoxic T-lymphocyies {TTLs). Sce,
for example, June, J Clin Invest. 117: 1466-1476, 2007, Rosenberg and Restifo, Science. 348:62-68,
2018, Cooley et al., Biol. of Blood and Marrow Transplant. 13:33-42, 2007, and Li and Sun, Chin J
Cancer Res. 30:173-196, 2018, for descriptions of adoptive T-cell and NK cell immunotherapies. In
some embodiments, the T~cells comprise cancer antigen-specific T-cells, which are directed against at
least one cancer antigen. In some embodiments, the cancer antigen-specific T-cells are selected from
one or more of chimeric antigen receptor (CAR}-modified T-cells, T-cell Receptor (TCR)}modified
T~cells, umor infilirating lymephocytes (TILs), and peptide-induced T-cells. In specific embodiments,
the CAR-modified T-cell is targeted against CD-19 (see, ¢.g., Maude ¢t al,, Blood. 125:4017-4023,
2015). In some instances, the ex vivo-derived imowne cells are autologous cells, which are obtained
from the patient to be treated.

Certain combination therapies eraploy one o1 more chemotherapeutic agents, for example,
small molecule chemotherapentic agents. Non-houiting examples of chemotherapeuntic agends include
alkylating agents, anti-metabolites, cytotoxic antibiotics, opoisomerase inbibitors {ype 1 or type 1D,
and anti-microtubule agents, among others,

Examples of alkylating agents include mitrogen mustards {¢.g., mechlorcthamine,
cyclophosphamide, mustine, melphalan, chiorambuci, fosfamide |, and busulfan), mtrosoureas (e.g.,
N-Nitroso-N-methyburea (MNU)Y, camustine (BONU), lomustine (CCNU), semastine (MeCCNU,
foteraustine, and streptozotocing, fetrazines (¢.g., dacarbazine, mitozolomide, and temozolomide),
aziridines (¢.g.. thiotepa, mvtomycin, and diaziquone (AZQ)), cisplatins and derivatives thereof (e.g.,
carboplatin and oxaliplatin), and non-classical alkylating agents {(optionally procarbazine and
hexamethylmelamine).

Examples of anti-metabolites inchude anti-folates (¢.g.. methotrexate and pemetrexed),
flucropyrimidines (¢.g., 5-fluorcuracil and capecitabine), deoxypucieoside analogues (2.g.. ancitabine,
enocitabine, cytarabine, gemcitabine, decitabine, azacitidine, fludarabine, nelarabine, cladribine,
clofarabine, fluodarabine, and pentostating, and thiopurines {e.g.. thioguanine and mercaptopuring).

Examples of cytotoxic antibiotics inchude anthracyclines {(e.g., doxorabicin, daunorubicin,
epirabicin, idarabicin, piranubicin, aclanbicin, and mitoxantrone). bleorycias, mitomyein £,
mitoxantrone, and actinomycin. Examples of topoisomerase inhibitors include camptothecin,
irinotecan, topotecan, etoposide, doxorubicin, mitoxantrone, fendposide, novobiocin, merbarone, and

aclarubicin.
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Examples of anti~microtubule agents inchnde taxanes {(e.g., paciitaxe! and docetaxel} and
vinca atkaloids (¢.g., vinblastine, vincristine, vindesine, vinorelbine).

The varicus chemotherapeutic agents described herein can be combined with any one or more
of the protein complexes described herein, and used according to any one or more of the methods or
compositions described herein.

Certain combination therapies enploy at ieast one honmonal therapeutic agent. General
cxamples of hormonal therapeutic agents tnclude bormonal agonists and bormonal antagondsts.
Particular examples of hormonal agonists include progestogen (progestin), corticostercids (2.2,
prednisolone, methyipredrisolone, dexamethasone), wsulin hike growth factors, VEGY derived
angiogenic and lymphangiogenic factors (¢.g., VEGF-A, VEGF-A145, VEGF-A165, VEGF-C,
VEGR-D, PIGF-2), fibroblast growth factor (FGF), galectin, hepatocyie growth factor (HGE), platelet
derived growth factor (PDGF), tansfornung growth factor (TGF)-beta, androgens, estrogens, and
somatostatin analogs. Examples of hormonal antagonists include hormone synthesis inhibitors such as
aromatase inhibitors and gonadotropin-releasing hormone (GnRH)s agonists (e.g., lcuprolide,
goserelin, triptorelin, histrelin) including analogs thereof. Also included are hormone receptor
antagonist such as selective estrogen receptor modulators (SERMs: e.g., tamoxifen, raloxifene,
torcruifene) and anti-androgens (¢.g., flutamide, bicahutamide, vilutamide).

Also included are hormonal pathway inhibitors such as antibodies directed against hormonal
receptors. Exaraples inclode inbibitors of the IGF receptor {e.g., IGF-IR1) such as cixutomuraab,
dalctuzamab, figiturounab, gamtumab, istirataab, and robatimomab; 1nhibitors of the vascular
endothehial growth factor receptors 1, 2 or 3 (VEGFR1, VEGEFR2 or VEGFR3) such as alacizumab
pegol, bevacizimab, icrucumab, ramuciramab; inhibitors of the TGF-beta receptors R1, R2, and R3
such as fresolimumab and metelimumab; inhibitors of ¢-Met such as naxitamab; inhibitors of the EGF
receptor such as cetuximab, depatuxizumab mafodotin, futuximab, imgatuznmab, lapritiximab
emtansine, matozamab, modotuximab, necitumumab, nimotuzumab, panitomumab, tomuzotusimab,
and zalutumumab; infibifors of the FGF receptor such as apmitumab ixadotin and bemarituzumab; and
inhibitors of the PDGF receptor such as olaratumab and tovetumab.

The various hormonal therapeutic agents described herein can be combined with any one or
more of the protein complexes described herein, and used according to any one or more of the
methods or compositions described herein.

Certain combination therapies enploy at least one kinase inhibitor, including tyrosine kinase
indubitors. Examples of kinase inbibitors include, without imitation, adavosertib, afantb, afhibercept,
axitintb, bevacizumab, bosotinib, cabozantimb, cetuximab, cobimetinib, crizotimb, dasatindb,
entrectinib, erdafitinib, edotindb, fostamitinib, gefittaib, ibratingb, tmatinib, lapatinib, lenvatinib,
mubritingb, nilotimb, panitumurmab, pazopanib, pegaptanib, ponatinib, rambizumab, regorafenib,

mixolitinib, sorafenib, sunitinib, SU6656, tofacitinib, trastuzimmab, vandetanib, and venafenib.
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The various kinase inhibitors described herein can be combined with any one or more of the
protein complexes described herein, and used according to any one or more of the methods or
compositions described herein.

Ia some cmbodiments, the methods and compositions described herein increase cancer cell-
kitling tn the subject by about or at least about 2-fold, S-fold, 10-fold, 30-fold. 100-fuld, 5300-fold, or
1000-fold or more relative to a contol or reference. In some embodiments, the methods and
compositions described herein increase an imanne response in the subject by aboot or at least about
§, 10, 15,20, 25,30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 200, 300, 400, 300, 600, 700, 560, 900, 1000,
2000% or more, or by about 2-fold, S-fold, 10-fold. 50-fold, 100-fold, 500-fold, or 1000-fold or more,
refative fo a control or reference (e.g., relative to a corresponding sering protease on its own),
including wherein the immune response 15 an anti~cancer IMMUNe 1Csponse.

In some embodiments, the methods and compositions described herein increase median
srvival time of a subject by 4 weeks, 5 weeks, 6 weeks, 7 wecks, 8 woeks, 9 weeks, 10 weeks, 15
weeks, 20 weeks, 25 weeks, 30 weeks, 40 weeks, or longer. In certain embodiments, the methods and
comapositions described herein increase median survival time of a subject by 1 year, 2 years, 3 years,
ot longer. In some embodiments, the methods and pharmaceutical compositions increase progression-
free survival by 2 weeks, 3 weceks, 4 weeks, 5 weeks, 6 wecks, 7 weceks, 8 weeks, 9 weeks, 10 weeks
or longer. In certain embodiments, the nethods and pharmaceutical compositions described herein
increase progression-free swrvival by § vear, 2 vears, 3 years, or longer.

In certain embodiments, the methods and compositions described berein are safficient to
resuldt in tomor regression, for exarple, as indicated by a statistically significant decrease in the
amount of viable tumor, for example, at least a 10%, 20%, 30%, 40%, 50% or greater decrease in
tumor mass, or by allered (e.g., decreased with statistical sigmificance) scan dimensions. In certain
embodiments, the methods and compositions described herein are sufficient 1o result in stable disease.
In certain embodiments, the methods and compositions described herein are sufficient to result in
clinically relevant reduction in symptonis of a particular disease indication known o the skilled
clinician.

For in vivo use, as noted above, for the treatment of human or non-human mammalisn discase
or testing, the protein complexes described herein are generally incorporated o one of more
therapeutic or phatmaceutical compositions prior t¢ administration, inchiding veterinary therapeutic
Compositions,

Thus, certain embodiments relate to pharmaceutical or therapeutic compositions that comprise
a protein complex, as described herein. In some instances, a pharmaceostical or therapeotic
composition comprises one or mote of the protein complexces described herein 1o combination with a
pharmaceutically- or physiclogically~-aceeptable carrier or excipient. Certain pharmaceutical or

therapeutic compositions further comprise at least one additional agent, for example, an
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immunotherapy agent, a chemotherapentic agent, a hormonal therapeutic agent, and/or a kinase
inhibitor as described herein.

Ta pacticular crobodiments, the pharmacentical ot therapeutic corapositions comprising a
protein complex is substantially pure on a protein basis or a weight-weight basis, for example, the
composition bas a purity of at least about 80%, 85%, 90%, 95%, 98%. o1 99% on a protein basis or a
weight-weight basis.

1n some crabodiments, the protein complexes described berein do ol form aggregates, have a
desired sohubility, and/or have an tarsunogenicity profile that s suitable for use in homans, as kaowa
inthe art. Thas, in seme erobodiments, a pharmaceutical or therapeutic composition comprising a
protein complex is substantially aggregate-frec. For example, certain compositions comprise less than
about 10% {on a proiein basis) high molecular weight aggregated proteins, or less than about 3% high
molecular weight aggregated proteins, or less than about 4% high molecular weight aggregated
proteins, or less than about 3% high molecular weight aggregated proteins, o7 less than about 2 %
high molecular weight aggregated proteins, or less than about 1% high molecular weight aggregated
profeins.

In some embodiments, the profein complexes are concentrated to about or at least about 0.1
mag/mi, 0.2 mg/ml, 0.3 mg/md, 0.4 mg/ml, 0.3 mg/ml, 0.6, 0.7, 0.8,0.9, 1 mg/ml, 2 mg/ml, 3 mg/ml, 4
mgil, § mg/ml, 6 mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/od, 10 mgiml 11, 12, 13, 14 or 15 mg/mi and are
formudated for biotherapeutic uses.

To prepare a therapeutic or pharmaceutical composition, an effective or desired amount of
one or more protein complexes is mixed with any pharmaceutical carrier(s) or excipient known to
those skilled in the art to be suntable for the particular agent and/or mode of administration. A
pharmaceutical carrier may be lquid, semi-liquid or solid. Solutions or suspensions used for
parenteral, intradermal, subcutaneous or topical application may inelude, for example, a stenle diluent
{such as water), saline sofution {(e.g., phosphate buffered saline; PBS), fixed oil, polyethylene glveol,
giveerin, propylene glveol or other synthetic solvent; antimicrobial agents (such as benzy! alcohol and
methyl parabens); antioxidants (such as ascorbic acid and sodium bisulfite) and chelating agents (such
as ethylenediamineictraacetic acid (EDTA)); buffers (such as acetates, citrates and phosphates). If
adovnistered intravenously (¢.z., by IV infusion), suitable carricrs inchade physiclogical saline or
phosphate buffered salinge (PBS), and sohitions containing thickening and sohubilivzing agents, such as
giucose, polyethylene glycol, polypropyiene glycol and mixtures thereof.

Adrnistration of protein complexes described herein, in pure form or in an appropriate
therapeutic or phammaceutical composition, can be carried out via any of the accepted modes of
administration of agents for serving simmlar utilities. The therapeutic or pharmaceutical compositions
can be prepared by combining a protein complex-containing composition with an appropriate
physiclogically acceptable carrier, diluent or excipient, and may be formulated into preparations in

solid, semi-solid, hquid or gaseous forms, such as tablets, capsules, powders, granoles, ointments,
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solutions, supposifories, injections, inhalants, gels, microspheres, and acrosols. In addition, other
pharmaceutically active ingredients (including other small molecules as described elsewhere herein)
ardi/or suitable excipicnts such as salis, buffers and stabilizers may, but need vot, be present within the
COMPOSIION,

Admipistration may be achieved by a vaoety of different routes, including oral, parenteral,
nasal, intravenous, inttadermal, intramuscular, subcutancous, or topical. Preferred modes of
admindstration depend apon the natare of the condition o be treated or prevented. Particular
cmbodiments include administration by 1V infusion.

Carriers can inchude, for exaraple, pharmaceatically- or physiologically -acceptable carriers,
excipients, or stabilizers that are non-toxic o the cell or mammal being exposed thereto at the dosages
and concentrations employed. Uften the physiologicaliv-acceptable carrier is an aqueous pH buffered
solution. Examples of physiologically acceptable camriers include buffers such as phosphate, citrate,
and other organic acids; antioxidants including ascorbic acid; low molccular weight (fess than about
10 residues) polypeptide; proteins, such as serum albumin, gelatin, or immwnoglobulins; hydrophilic
polvmers such as polyvinwlpyrrolidone; amino acids such as glycine, ghitaniine, asparagine, arginine
ot lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or
dextrins; chelating ageunts such as EDTA; sugar alcobols such as mannitol o1 sothitol; salt-forming
counterions such as sodium; and/or nonionic surfactants such as polysorbate 20 (TWEEN™)
polvethylene glycol (PEG), and poloxamers (PLUROGNICS™), and the ike.

{n some embodiments, one or more agents can be entrapped 1n microcapsules prepared, for
example, by coacervation techmrigues or by interfacial polymerization (for exarple,
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate)microcapsules,
respectively), in colloidal drug debivery systems (for example, Bposomes, albumin microspheres,
microemulsions, nano-particles and nanocapsules), or in macroemulsions. Such technigques are
disclosed in Reraington’s Pharmaceutical Sciences, 16th edition, Oslo, A, Ed., (1980). The particle(s)
or liposomes may further compuse other therapeutic or diagnostic agents.

The precise dosage and duration of treatinent is a function of the discase being treated and
may be determined empirically using known testing protocols or by festing the compositions in nwodel
systeras known in the att and extrapolating therefrom. Controlled clinical trials may also be
performed. Dosages may also vary with the severity of the condition to be alleviated. A
pharmaceuntical composttion is generally formulated and administered to exert a therapeutically useful
effect while minimizing undesirable side effects. The composition may be administered one time, or
may be divided into a number of smaller doses o be administered at mtervals of tirae. For any
particular subject, specific dosage regirnens may be adjustied over time according (o the individual
need.

Typical routes of administering these and related therapeuntic or pharmacentical compositions

thus inchide, without Hmitation, oral, topical, transdermal, inhalation, parenteral, sublingual, buccal,
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rectal, vaginal, and intranasal. The term parcnteral as used herein includes subcutancous injections,
intravenous, intramuscudar, intrastemal injection or infusion technigues. Therapeutic or
pharmaceuntical compositions according 1o certain embodiments of the present disclosure are
formwlated so as to allow the active ingredients contained therein to be bicavailable upon
adodinistration of the composition (o a subject or patient. Compesitions that will be administered to a
subject or patient may take the form of one or more dosage units, where for example, a tablet ray be
a single dosage vat, and a container of a herein described agent in acrosol form may hold a plurality
of dosage units. Actual rethods of prepanng such dosage forms are known, or will be apparent, to
those skilted 1n this art; for example, see Remingion: The Science and Practice of Pharmacy, 20th
Edition (Philadelphia College of Pharmacy and Science, 2000). The composition to be admimstered
will typically contain a therapeutically cffective amount of an agent described herein, for treatment of
a disease or condition of mterest.

A therapeutic or pharmacentical composition may be in the form of a solid or liguid. In one
cutbodiment, the carricr(s) arc particulate, so that the compositions are, for exanple, in tablet or
powder form. The carrier(s) may be liguid, with the compositions being, for example, an oral oif,
injectable liquid or an aerosol, which is useful in, for cxample, inhalatory administration. When
intended for oral administration, the pharmaceutical composition is preferably 1o cither solid or liguid
form, where semi-solid, semi-liguid, suspension and gel forms are included within the forms
considered herein as either solid or haquid. Cedain embodiments inclode sterile, igjectable solotions.

As a sohd composition for oral administration, the pharmaceutical composition may be
forrmlated into a powder, granude, compressed tablet, pill, capsule, chewing gum, wafer or the like.
Such a solid conmposition will typically contain one or more inert difuents or edible carriers. In
addition, one or more of the following may be present: binders such as carboxymethylcellulose, ethyl
cellulose, microcrystalline cellulose, gum tragacanth or gelatin; excipients such as starch, lactose or
dextrins, disintegrating agents such as alginic acid, sodium alginate, Primogel, com starch and the
like: Jubricants such as magnesium stearate or Sterotex; glidants such as colloidal silicon dioxide;
sweetening agents such as sucrese or sacchann; a flavoring agent such as peppernunt, macthyl
salicylate or orange flavoring, and a coloring agent. When the pharmaceutical composition is in the
form of a capsule, for example, a gelatin capsule, it may contain, in addition to materials of the above
type, a hquid carrier such as polyethylene glyeol orcil.

The therapeutic or pharmacentical compesition may be in the form of a lquid, for example.
an ¢lixir, syrup, solution, emulsion or suspension. The liquid may be for oral administration or for
delivery by injection, as two examples. When intended for oral administration, preferred composition
contain, in addition to the present corapounds, one or more of a sweetening agent, preservatives,
dye/colorant and flavor enhancer. In a composition intended to be administered by injection, one or
more of a surfactant, preservative, wetting agent, dispersing agent, suspending agent, buffer, stabilizer

and isotonic agent may be included.
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The liquid therapeutic or pharmaceutical compositions, whether they be solutions,
suspensions or other like form, may include one or more of the following adjuvanis: sterile diluents
such as water for injection, saline solution, preferably physiological saline, Ringer’s sohution, isotonic
sodiura chionde, fixed oils such as synthetic mono or diglycerides which may serve as the solvent or
suspending medinn, polyethylene glveols, glycerin, propyiene glyveel or other solvents; antibactenal
agents such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or sodivm
bisulfite; chelating agents sach as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or
phosphates and agents for the adjustment of tonteity such as sodium chlonde or dextrose. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made
of glass or plastic. Physiological saline is a preferred adjuvant. An injectable pharmaceutical
composition is preferably sterile.

A liquid therapeutic or pharmaceutical composition intended for either parenteral or oral
administration should contain an amount of an agent such that a suitable dosage will be obtained.
Typically, this amount is at least 0.01% of the agent of interest in the composition. When intended for
oral adnninistration, this amount may be varied 1o be between (.1 and about 70% of the weiglt of the
composition. Certain oral therapeutic or pharmaceutical compositions contain between about 4% and
about 75% of the agent of interest. In centain embodiments, therapeutic or pharmaceutical
corapositions and preparations are prepared so that a parenteral dosage unit contains between 0.01 o
10% by weight of the agent of inlerest prior to dilution.

The therapeutic or phanmacentical compositions may be intended for topical admindstration,
in which case the carrier may suitably comprise a solution, emulsion, ointment or gel base. The base,
for example, may comprise one or more of the following: petrolatum, lanolin, polvethyiene glvcols,
bee wax, mineral oil, difuents such as water and alcohol, and emuisifiers and stabilizers. Thickening
agents may be present in a therapeutic or pharmaceutical composition for topical administration. I
intended for transdermal administration, the composition may inclade a transdermal patch or
1ontophoresis device.

The therapeutic or pharmaceutical compositions may be intended for rectal administration, in
the form, for example, of a suppository, which will melt in the rectum and release the drag. The
conposition for rectal administration may contain an oleaginous base as a suitable nonirritating
excipient. Such bases include, without linrtation, lanolin, cocoa butter, and polyethvlene ghycol.

The therapeutic or pharmaceuntical composttion may inchude varicus materials, which modify
the physical fonm of a solid or ligoid dosage unit. For example. the composttion may inchude matenals
that form a coating shell around the active ingredients. The materials that form the coatng shell are
typically inert, and may be selected from, for example, sugar, shellac, and other enteric coating
agents. Alternatively, the active ingredients may be encased in a gelatin capsule. The therapeutic or

pharmaceutical composttions in solid or liquid form may include a component that binds to agent and
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thereby assists in the delivery of the compound. Suitable components that may act in this capacity
include monoclonal or polyclonal antibodies, one or more proteins or a liposome.

The therapeutic or pharmacentical compesition may consist essentially of dosage uniis that
can be administered as an acrosol. The feroy acrosol is used to denote a variety of systems rangiog
fron those of colloidal nature to systerns consisting of pressurized packages. Delivery may be by a
liquefied or corpressed gas or by a suitable purop system that dispeunses the active ingredients,
Aerosols may be delivered in single phase, bi-phasic, or tri-phasic systems in order to deliver the
active ingredient(s). Delivery of the aerosol ncludes the necessary container, activators, valves,
subcontainers, and the bike, which together may form a kit. One of ordinary skill in the art, without
undue experimentation may determine preferred acrosols.

The compositions described hercin may be prepared with carniers that protect the agents
against rapid elinnnation from the body, such as time release formulations or coatings. Such carners
include controlied welease formulations, such as, but not limited to, implants and microencapsudated
delivery systerss, and biodegradable, bioconpatible polymers, such as cthylene vinyvl acetate,
polvanhydrdes, polvglveolic acid, polvorthoesters, polvlactic acid and others known to those of
ordinary skill in the art.

The therapeutic or pharmaceutical compositions may be prepared by methodology well
known in the pharmacentical att, For exaraple, a therapeutic or pharmaceutical composition intended
1o be administered by injection may comprise one or more of salts, buffers and/or stabilizers, with
sterile, distifled water so as to form a solution. A surfactant may be added (o facilitate the formation of
a homogeneous sohution or suspension. Surfactants are compounds that norecovalently interact with
the agent 50 as {o facilitate dissolution or homogencous suspension of the agent in the aqucous
delivery systeni.

The therapeutic or pharmacentical compositions may be adnunistered in a therapeutically
effective amount, which will vary depending upon a variety of factors inclading the activity of the
specific compound emploved; the metabolic stability and length of action of the compound; the age,
body weight, general health, sex, and diet of the subject; the mode and time of administration; the rate
of excretion; the drug corabination; the severity of the particular disorder or condition: and the subject
undergoing therapy. In sonw instances, a therapeutically effective daily dose is (fora 70 kg maonunal)
from about 0.001 mg/kg (e, ~0.07 mg) to about 100 mg/kg (e, ~ 7.0 g) preferably a
therapeutically effective dose is (fora 70 kg mammal) from about 0.01 mgkg G.e., ~ 0.7 g} to about
50 mg/ke (e, ~ 3.5 g} more preferably a therapeutically effective dose 1s (for a 70 kg mammal) from
about 1 mg/kg (i.c., ~ 70 mg) to abowd 25 mg/ke (e, ~ 175 g). In some embodiments, the
therapeutically effective dose is administered on a weekly, bi-weekly, or monthly basis. In specific
enmbodiments, the therapeutically effective dose is administered on a weeldy, bi-weekly, or monthly

basis, for exarnple, at a dose of about 1-10 or 1-5 mg/kg, orabout 1,2, 3.4, 5,6, 7, 8, 9, or 10 mg/kg.
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The combination therapics described herein may include administration of a single
pharmaceutical dosage formulation, which contains a protein complex and an additional therapeutic
agent (e.g., inmwuootherapy agent, chemotherapeutic agent, hotmonal therapeutic agent, kinase
inhibttor), as well as administration of compositions corprising a protein complex and an additional
therapentic agent in Uis own separate pharmaceutical dosage formwlation. For example, a proteiwn
compiex and an additional therapeuntic agent can be adovinistered to the subject tozether in a single
parenteral dosage composition such as in a saline sohution or other physiclogically acceptable
solation, or each agent adminisiered in separate parenteral dosage formulations. Where separate
dosage formulations are used, the corapositions can be adminisiered al essentially the same time, ic.,
concurrently, or at separately staggered times, 1.¢., sequentially and in any order; combination therapy
is understood to inciude all these regimens.

Also included are patient care kits, comprising (a} a protein complex, as described herein; and
optionally (b) at Jeast one additional therapeutic agent {e.g., immunotherapy agent, chemotherapeutic
agent, hormeonal therapeutic agent, kinase inhibitor), In cerain Kits, {a) and (b) are in separate
therapeutic compositions. In some Kits, {a) and {b) are in the same therapeutic composition

The kits herein may also include a one or more additional therapeutic agents or other
coraponents suitable or desited for the indication being treated, or for the desived diagnostic
application. The kits herein can also include one or more syringes or other components BeCessary or
desired to facilitate an intended mode of delivery (e.g., stents, implantable depots, etc.).

{n some embodiments, a patient care kit conains separate containers, dividers, or
compartments for the composition(s) and informational material(s). For example, the composition{s)
can be contained in a bottle, vial, or syringe, and the informational material(s) can be contained in
association with the container. In some embodiments, the separate elerents of the kit are contained
within a single, undivided container. For example, the composition is contained in a bottle, vial or
svringe that has attached thereto the informational material in the form of a label. In some
embodiments, the kit includes a plurality {e.g.. a pack) of individual containers, cach containing one
or more unit dosage forms (¢.g., a dosage form described herein) of a protein complex and optionally
at least one additional therapentic agent. For example, the kit incindes a plurality of syringes,
ampules, foil packets, or blister packs, each containing a single unit dose of a protein complex and
optionally at least one additional therapeutic agent. The containers of the kits can be airight,
waterproof (¢.g., impermeable to changes in moisture or evaporation), and/or ight-tight,

The patient care kit optionally includes a device suitable for administration of the
composition, e.g., a syringe, inhalant, dropper (¢.g., eyve dropper), swab {e.8., a cotton swab or
wooden swab), or any such delivery device. 1o some embodiments, the device is an implantable
device that dispenses metered doses of the agent(s). Also inchuded are methods of providing akit, e.g.,

by combining the components described herein,
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Manufacturing and Purification Systems

Certain embodiments include methods and related compositions for mamufacturing,
expressing, and purifying a protein complex or protein component described herein. For example,
certain embodiments relate to methods of manufacturing or otherwise preparing a pharmaceutical
compasition compusing a protein complex, by combining: (a)  alpba-2-macroglobulin {A2M)
proteins; and (b) serine protease proteins into a composition at a molar ratio f{ay(b)] of about 1:3 to
about 1.1, thereby manufacturing the pharmacentical composition comprising the protein complex.
Specific embodimenis inchude combimng (a} and (b) indo a composition at a molar ratio [(a):.(8)] of
about 13, 829 1:28, 1:27 126, 1:25, 124, 123 L 2.8 122, 049 IR 117 Ll 1115
Bi4, 013, 012 1l or 11

The A2M and/or serine protease proteins can be prepared or obtained by punfving from a
biological sample or by recombinant techmiques. For example, in some embodiments, the A2M and/or
serine profease proteins are obtained by purifying the protein from the blood orplasma of a
mammalian subject, for example, a human subject. Specific embodiments include obtaining and
purifying the A2M proteins from plasma of a human subject prior to combining with serine protease
proteins. Methods for purtfying AZM from human plasma (plasma-enriched AZM: or AZM-PPP) are
known inthe art {sce, for example, Jordan ¢t al., Pain Physician 23(2):229-23, 2020; U.S. Patent No.
9.352,021).

Recombinant proteins can be conveniently prepared using standard protocols as described for
example 1 Sambrook, et al., (1989, supra), 10 particular Sections {6 and 17, Ausubel ot al., (1994,
supra), in particular Chapters 10 and 16; and Coligan et al., Current Protocols in Protein Science (John
Wiley & Sons, fnc. 1995-1997), in particular Chapters 1, 5 and 6. As one general example, a
recombinant protein may be prepared by a procedure inchiding one or more of the steps of: {a)
preparing a vector or construct comprising a polvmucieotide sequence that encodes a protein described
herein, which is operably linked to one or more regulatory clements; (b) introducing the vector or
construct into a host cell; (¢} eulturing the host cell to express the protein: and (d) isolating the protein
from the host cell.

To express a desired polyvpeptide, a nucleotide sequence encoding a profein may be inserted
into appropriate expression vectox(s), i.6., vector(s) which contain the necessary clements for the
transcription and translation of the mserted coding sequence. Methods which ate well known to those
skilled in the axt may be used to construct expression vectors containing sequences encoding a
polvpeptide of interest and appropnate transcriptional and trarslational control clements, These
methods include in vifro recombinant DNA technigues, synthetic technigues, and in vivo genetic
recombination. Such technigues are described 1o Sambrook et al., Molecular Clomng, A Laboratory
Mamual (1989), and Ausubel et al., Current Protocols in Molecular Biology (1989).

A variety of expression vector/host systers are known and may be utilized to contain and

express polvnucleotide sequences. These include, but are not limited to, microorganisms such as
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bacteria transformed with recombinant bacteriophage, plasmid, or cosmid DNA expression vectors;
veast transformed with yeast expression vectors; insect cell systoms infected with virus expression
vectars (e.g., baculovirusy; plant cell systerus transformed with viras expression vectors {e.g.,
cauliflower mosaic viras, CaMV,; tobacco mosaic viras, TMV) or with bacterial expression vectors
{e.g., Tt or pBR322 plasmids): or animal cell sysiems, inchuding mammalian cell and maore
specifically human cell systems.

The “control clements” or “regulatory sequences” present in an expression vector are those
non-translated egions of the vector--enhancers, promoters, 57 and 37 untransiated regions--which
interact with host cellular proteins to cany out tragscuption and translation. Such elements may vary
in their strength and specificity. Depending on the vector system and host utilized, any number of
suitable transcription and translation elements, including constitutive and inducible promoters, may be
used. For example, when cloning in bacterial sysiems, inducible promoters such as the hybrid lacZ
promoter of the PBLUESCRIPT phagemid (Stratagene, La Jolla, Calif ) oy PSPORTI plasmud (Gibco
BRL, Gaithersburg, Md.) and the like may be used. In mammalian ccll systems, promoters from
mamuialian genes or from mammalian virases are gencrally preferred. If it is necessary to generaie a
cell line that contains multiple copies of the scquence encoding a polvpeptide, vectors based on SV40
or EBV may be advantageously used with an appropuate selectable marker.

In bacterial systems, a number of expregsion vectors may be sclected dependiing upon the use
intended for the expressed polypeptide. For example, whea large quantities are needed, vectors which
direct high-level expression of proteins that are readily punified may be ased. Such vectors include,
but are not himited o, the multifnctional E. coli cloning and expression vectors such as
BLUESCRIPT (Stratagene), in which the sequence encoding the polypeptide of interest may be
lgated into the vector in frame with sequences for the amino-terminal Met and the subscquent 7
residoes of B-galactosidase so that a hybrid protein is produced; pIN vectors (Van Heeke & Schuster,
1. Biol. Chem. 264:5503 5509 (1989)); and the like. pGEX Vectors (Promega, Madison, Wis.) may
also be used 1o express recombinant protcins as fusion proteins with ghitathione S-transferase (GRT).
In general, such fusion proteins are soluble and can easily be purified from ysed cclls by adsorption
o glutathione-agarose beads followed by clotion in the presence of free ghutathione. Profeins made in
such systems may be desigoed to include bepanp, thrombig, or facior XA protease cleavage sies so
that the cloned polypeptide of interest can be released from the GST motety at will.

Certain embodiments employ E. coli-based expression systems (sce, ¢.g.. Structuzral
Genomnrics Consortium ¢t al., Nature Methods. 5:135-146, 2008). These and related embodiments may
rely partially or totally on ligation-independent cloning (LIC) to produce a suitable expression vector.
In specific embodiments, protein expression may be controlled by a T7 RNA polymerase {e.g., pET
vector series). These and refated embodiments may vtilize the expression host sirain BL21{DE3), a

ADES lysogen of BL21 that supports T7-mediated expression and is deficient in lon and ompT
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proteases for improved target protein stability. Also included are expression host strains carnying
plasmids encoding tRNAs rarely used in E. coli, such as ROSETTA™ (DE3) and Rosetta 2 (DE3)
strains. Cell lvsis and samaple handling may also be improved using reagents sold under the
trademarks BENZONASE® ouclease and BUGBUSTER® Protein Extraction Reagend. For cell
culture, auto-inducing media can improve the efficiency of many expression systems, 1octuding high-
throughput expression systems. Media of this type (e.g., OVERNIGHT EXPRESS™ Autotnduction
System) gradually elicit protein expression through metabolic shift without the addition of artificiat
inducing agents such as IPTG. Particular embodimnents exnploy hexahistidine tags (sach as those sold
under the tradernark HIS'TAG® fusions), followed by imumobihzed metal affinity chromatography
(IMAC) purtfication, or related technigues. In certain aspects, however, clinical grade proteins can be
isolated from E. coli inclusion bodics, without or without the use of affinity tags (see, e.g., Shimp et
al., Protein Expr Purif. 50:58-67, 2006). As a further example, certain embodiments may employ a
cold~shock induced E. coli high-yield production system, because over-expression of proteins in
Escherichia coli at low temperature improves their solubility and stability (sce, e.g., Qing et al,,
Nature Biotechnology. 22:877-882, 2004).

Also included are high-density bacterial formentation svsterns. For exanple, high cell density
cultivation of Raistonia cutropha allows protein production at cell deusitics of over 150 g/l and the
expression of recombinant proicins at titers exceeding 10 /L.

In the yeast Saccharomyces cerevisiag, a nuraber of vectors containing constitative or
indocible promoters such as alpha factor, alcohol oxtdase, and PGH may be used. For reviews, see
Apsubel et al. (supra) and Grant et al., Methods Envymol. 153:316-344 (1987). Alsc inchuded are
Pichia pandoris expression systems {see, ¢.g., Li et al., Nature Biotechnology. 24, 210 - 215, 2006;
and Hamlton et al., Science, 301:1244, 2003). Certain embodiments include yeast systems that are
engineered 1o selectively glycosylate proteins, including veast that have humanized N-glycosylation
pathways, among others (see, e.g., Hamilton et al,, Science. 313:1441-1443, 2006; Wildt et al., Natare
Reviews Microbiol. 3:119-28, 2005, and Gemgross et al,, Nature-Biotechnology. 22:1409 -1414,
2004; U.S. Patent Nos. 7,629,103; 7,326,681; and 7,029,872). Mercly by way of example,
recontbinant yeast cultures can be grown in Fembach Flasks or 151, 561, 100L, and 2001 fermentors,
among others,

{a cases whare plani expression vectors are used, the expression of sequences encoding
polvpeptides may be driven by any of a suraber of promoters. For example, viral promoters such as
the 338 and 19S promoters of CaMV may be used alone or in combination with the omega leader
sequence from TMV (Takamatsa, EMBQO J. 6:307-311 (1987)). Alternatively, plant promolers such as
the small subunit of RUBISCO or heat shock promoters may be used (Conuzzi et al., EMBO J.
3:1671-1680 (1984); Broglic et al., Science 224:838-843 (1984); and Winter et al., Results Probl. Cell
Differ. 17:85-103 (1991)}. These constructs can be introduced into plant cells by direct DNA

transformation or pathogen-mediated transfection. Such technigues are described in a number of
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generally available reviews (see, ¢.g., Hobbs in McGraw Hill, Yearbook of Science and Technology,
pp. 191-196 (1992)).

Ag insect system may also be used to express a polypeptide of interest. For example, in one
such system, Autographa califoraica nuclear polvhedrosis virus (ACNPV) s used as a vector (o
express foreign genes in Spodopiera frugiperda cells or in Trichoplusia cells. The sequences encoding
the polypeptide may be cloned into a nou-essential region of the vinus, such as the polyhedrin gene,
argd placed under control of the polybedrin promoter. Successfid insertion of the polypeptide-encoding
sequence will render the polyhedrin gene 1nactive and produce recornbinant virus facking coat protein.
The recornbinant viruses may then be used to infect, for example, S. fnugiperda cells or Trichoplusia
cells in which the polypeptide of interest may be expressed (Engelhard et al., Proc. Natl. Acad. Sci.
U.S.A 91:3224-3227 (1994)). Also included are bacalovinis expression systems, including those that
atilize SF9, SF21, and T, m cells (sce, ¢.g., Murphy and Piwnica-Worns, Curr Protoc Protein Sci
Chapter 5: Unit 3.4, 2001). Insect systems can provide post-transiation modifications that are similar
1o mammalian systems.

In mammalian host cells, a number of viral-based expression systems are generally available.
For example, in cases where an adenovirus is used as an expression vector, sequences encoding a
polvpeptide of interest tay be ligated into an adenoviros transcription/transiation coraplex cousisting
of the late promater and tripartite Jeader sequence. Insertion in a non-cssential El or E3 region of the
viral genome raay be used to obtain a viable virus which is capable of expressing the polypeptide in
infected host cells (Logan & Shenk, Proc. Natl. Acad. Sci. U .S AL 81:3655-3659 (1984)). In addition,
tragscription enhancers, such as the Rous sarcora virus (RSV) enhancer, may be used to increase
expression in mammalian host cells.

Examples of usciul mammalian host cell lines include monkey kidney CV1 line transformed
by SV406 (COS-7, ATCC CRL 1631); human embryonic kidney line (293 or 293 cells sub-cloned for
growth in suspension cultare, Graham et al., §. Gen Virol 36:59 (1977)); baby hamster kaduey cells
(BHK, ATCC CCL 10); monse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980));
monkey kidney cells (CV1 ATCC CCL 70); Afrcan green meonkey kidney cells (VERG-76, ATCC
CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK,
ATCC CCL 34y buffalo rat Hiver cells (BRL 34, ATCC CRL 1442); huoan lung cells (W38, ATCC
CCL 75); hwman bver cells (Hop G2, HB 8065); mouse maramary tumer (MMT 066562, ATCC
CCL51); TR cells (Mather ot al., Anoals N.Y. Acad. Sci. 383:44-68 (1982}, MRC 3 celis; FR4 cells;
and a human hepatoma line (Hep G2). Other usefnl mammalian bost cell ines include Chinese
hamster ovary (CHO) cells, including DHFR-CHO cells (Urlaub et al., PNAS USA 77:4216 (1930)),;
and myeloma cell Hines such as NSO and Sp2/6. For a review of certain mammalian bost cell ines
suttable for protein production, see, ¢.g., Yazaki and Wy, Methods in Molecular Biology, Vol. 248 (B,
K.C Lo, ed., Humana Press, Totowa, N.J., 2603), pp. 255-268. Certain preferred mammalian cell

expression syvsiems include CHO and HEK293-cell based expression systems. Mammalian expression
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systerns can utilize attached cell lines, for example, in T-flasks, roller bottles, or cell factones, or
suspension cultures, for example, in 1L and 5L spioners, 5L, 4L, 40L, 100L and 200L stir tank
bioreaciors, or 20/50L and 100/200L WAVE biorcactors, among others knowa in the art.

Also inctuded is the celi-free expression of proteins. These and related crabodiments typically
atilize purified RNA polymerase, riboscraes, (RNA and ribonucieotides; these reagents may be
produced by extraction from cells or from a cell-based expression system.

Specific mitiation signals may also be vsed to achieve more efficient translation of sequences
encoding a polypeptide of interest. Such signals inctude the ATG indtiation codon and adjacent
sequences. [n cases where seqaences encoding the polypeptide, its imtiation codon, and upstream
scquences are inserted into the appropriate expression vector, no additional transcriptional or
translational control signals may be needed. However, in cases where ondy coding sequence, ora
portion thereof, is inserted, exogenous translational control signals including the ATG initiation codon
should be provided. Furthermore, the tnitiation codon shonld be in the conrect reading frame to cnsure
translation of the entire insert. Exogenous translational clements and initiation codons may be of
various onigins, both natural and synthetic. The efficiency of expression may be enbanced by the
inclusion of enhancers which are appropriate for the particular cell system which is used, such as
those described in the Iterabe (Scharf. ot al., Results Probl. Cell Differ. 20:125-162 (1994)).

In addition, a host cell strain may be chosen for its ability to modulate the expression of the
ipserted sequences or to process the expressed protein in the desired fashion. Such modifications of
the polypeptide inclade, but are not himited to, post-transiational modifications such as acetylation,
catboxylation, glycosylation, phosphorylation, lipidation, and acyvlation. Post-translational processing
which cleaves a “prepro” form of the protein may also be used fo facilitate correct insertion, folding
and/or function. Different host cells such as veast, CHO, Heba, MDCK, HEK293, and W138, in
addition to bacterial cells, which have or even lack specific cellular machinery and characteristic
mechanisms for such post-transiational activities, may be chosen o ensure the correct modification
and processing of the foreign profein.

For long-term, high-vicld production of recombinant proteins, stable expression is generally
preferred. For example, cell lines which stably express a polvmucieotide of interest may be
transformed using expression veciors which may countain viral origins of replication and/or
endogenous expression clements and a selectable marker gene on the same ot on a separate vector.
Following the introduoction of the vector, cells may be allowed to grow for about 1-2 days inan
cnriched media before they are switched to selective media. The purpose of the selectable marker is to
confer resistance to selection, and its presence allows growth and recovery of cells which successfully
express the introdoced sequences. Resistant clones of siably transformed cells may be proliferated
using tissue culture techniques appropriate to the cell type. Transient production, such as by transient
transfection or infection, can also be employed. Exemplary mammalian expression systems that are

suitable for transient production include HEK293 and CHO-based systems.
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Any number of selection systems may be used to recover transfonmed or transduced cell lines.
These inchude, but are not fimited to, the herpes simplex virus thymidine kinase (Wigler et al., Cell
11:223-232 (1977)) and adenine phosphotibosyliransferase (Lowy et al, Cell 22:817-823 (1990}
genes which can be cmployed in th- or apit- celis, respectively. Also, antimetabolite, antibiotic or
berbicide resistance canbe used as the basis for selection; for example, dbfr which confers resistance
to methotrexate (Wigler ¢t al., Proc. Natl. Acad. Sci. U5 AL 77:3567-70 (1980)); opt, which confers
resistance to the aminoglycosides, neomycin and G-418 (Colbere-Garapin et al.. J. Mol Biol. 150:1-
14 (1981)); and als or pat, which confer resistance to chlorsudfuron and phosphinotricin
acetyltransferase, respecvely (Murry, supra). Additional selectable genes have been described, for
example, trpB, which allows cells (o utilize indole in place of tryptophan, or lusD, which allows cells
1o utilize histinol in place of histidine (Hartman & Mulligan, Proc. Natl. Acad. Sci. U.S.A. 85:8047-51
{1988)). The use of visible markers has gained popularity with such markers as green fluorescent
protein (GFP) and other fluorescent proteins (e.g., RFP, YFP), anthocyanins, B-glucuronidase and its
substrate GUS, and luciferase and s substrate lociferin, being widely used not only to 1dentify
transformants, but also to guantify the amount of transient or stable protein expression attributable to
a specific vector system (see, e.g., Rhodes ¢t al., Methods Mol Biol. 535:121-131 (1993)).

Also included are high-throughput protein production systems, or micro-production systerms.
Certain aspecis may utiize, for example, bexa-histidine fusion tags for protein expression and
purification on metal chelale~-modified shide surfaces or MagoneHis Ni-Particles (sec, ¢.g., Kwon et al,,
BMCC Biotechnol. 9:72, 2009; and Lin ¢t al., Methods Mol Biol. 498:129-41, 2009)). Also included
are high~throughput celi-free profein expression sysiems (see, e.g., Sitaraman et al., Methods Mol
Biol. 498:229-44, 2009).

A varety of protocols for detecting and measuring the expression of polynucicotide-encoded
products, using binding agents or antibodics such as polyclonal or monocional antibodies specific for
the product. are known in the art. Examples include enzyme-linked immunosorbent assay (ELISA),
western nmunoblots, radioimmunoassays (REA), and fhiorescence activated cell sorting (FACS).
These and other assays are described, among other places, in Hampton et al., Serclogical Methods, a
Laboratory Masual (1990} and Maddox et al,, J. Exp. Med. 158:1211-1216 (1983},

A wide variety of labels and conjogation techniques are known by these skilled 1a the art and
may be used in varions nucleic acid and amino acid assays. Means for prodocing labeled
hybridization or PCR probes for detecting sequences related to polynucleotides inchude ohigolabehng,
nick transiation, end-labeling or PCR amplification using a labeled mucleotide. Alternatively, the
sequences, or any portions thereof may be cloned into a vector for the production of an mRNA probe.
Such vectors are known in the art, are commercially available, and may be used to synthesize RNA
probes in vifro by addition of an appropniate RNA polymerase such as T7, T3, or SP6 and labeled
nucleotides. These procedures may be conducted using a variety of commercially available kits.

Suitable reporter raolecules or labels, which may be used include radionuclides, enzymes, fluorescent,
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chemiluninescent, or chromogeric agents as well as substrates, cofactors, inhibitors, magnetic
particles, and the like.

Host cells transfonmed with one or more polyruclectide sequences of interest may be cultored
under conditions suitable for the expression and recovery of the protein from celi culture. Certain
specific embodiments vtilize senum froe cell expression systems. Examples include HEK 293 cells and
CHO cells that can grow in seoum free medium (see, ¢.g., Rosser et al,, Protein Expr. Purif, 40:237-
43, 2005; and U.S. Patent munber 6,210,922).

A protein produced by a recombinant cell may be secreted or contatned indracelintarly
depending on the sequence and/or the vector used. As will be understood by those of skall in the art,
cxpression vectors containing polynucleotides may be designed to contain signal sequences which
direct secretion of the encoded polypeptide through a prokarvotic or cukaryotic cell membrane. Other
recombinant constructions may be used o join sequences encoding a polypeptide of interest {0
nucleotide sequence encoding a polypeptide domain which will facilitate purification and/or detection
of soluble proteins. Examples of such domains include cleavable and non-cleavable affinity
purification and epitope tags such as avidin, FLAG tags, poly-histidine tags (e.g., 6xHis), cMyc¢ tags,
Vi-ags, glutathione S-transferase (GST) tags, and others.

The protein produced by a recombinant cell can be purified and characterized according to a
variety of technigues known in the art. Exemplaty systeras for performing protein purification and
analyzing protein purity inclode fast protein bquid chromatography (FPLC) (c.g., AKTA and Bio-Rad
FPLC systems), high-performance hquid chromatography (HPLC) (e.g.. Beckman and Waters
HPLO). Exemplary chemistues for purification include 1on exchange chromatography (e.g.. Q. 8),
size exclusion chromatography, salt gradients, affinity purnification (c.g., Ni, Co, FLAG, maltosg,
ghutathione, protein A/G), gel filtration, reverse-phase, ceramic HY PERD® ion exchange
clromatography, and hydrophobic interaction columns (HIC), among others known in the art. Also
included are analvtical methods such as SDS-PAGE (¢.g., coomassie, silver stain), immunoblot,
Bradford, and ELISA, which may be utilized during any step of the production or purification
process, tvpically to measure the purily of the protein composition.

Also included are methods of concentrating a protein or protein complex described herein,
and compositions comprsing the concentrated soluble protein or protein complex. In some aspects,
such concentrated solutions of a protein or protein complex comprises proteins at a concentration of
about or at feast about 5 mg/ml, 8 rag/ml, 10 mg/ml., 15 mg/md., 20 mg/ml, or mote.

1n some aspects, such compositions may be substantially monodisperse, meaning that a
protein or protein complex exists primanly (i.¢., at least about 90%, or greater) 1n one apparent
molecudar weight form when assessed for example, by size exchision chroratography, dynaraic light

scattening, or analytical altracentrifugation.
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In some aspects, such compositions have a purity {on a protein basis) of at least about 90%, or
in some aspects at least about 95% purity, or in some cobodimnents, at least 98% purity. Purity may be
determmined via any rowtine analytical method as known 1o the art.

1n somae aspects, such compositions have a high molecular weight aggregate content of less
than about 10%, compared to the total amount of protein present, or 10 some embodiments such
compositions have a bigh molecular weight aggregate content of iess than about 3%, o7 in some
aspects such compositions have a high molecular weight aggregate content of less than about 3%, o
in some embodiments a high molecular weight aggregate content of kess than about 196, High
molecular weight aggregate content may be determined via a vasiety of analytical techoiques
inchiding for example, by size exclusion chromatography, dynamic light scattering, or analytical
ultracentrifugation.

Examples of concentration approaches contemplated herein inclade lyvophilization, which is
typically eraploved when the solution contains few soluble compornernts other than the protein of
interest. Eyophilization is often performed after HPLC and can remove most or all volatile
comaponents from the mixture. Also included are ultrafiltration techniques, which typically enyploy
one or more selective permcable membranes to concentrate a protein solution. The membrane allows
water and staall molecules to pass through and retains the protein; the solution can be forced against
the membrane by mechauaical pump, gas pressure, or centrifugation, among other technigues,

In certain embodiments, a protein o7 protein complex in a composition bas a purity of at Jeast
about 90%, as measared according to routine techniques inthe art. In certain embodumends, such as
diagnostic compositions or certain pharmaceutical or therapentic compositions, a protein or protein
coniplex in a composition has a purity of at least about 953%, or at least about 97% or 98% or 99%. In
some embodiments, such as when being used as reference or rescarch reagents, a prolein or prolein
complex can be of lesser purity, and may have a purity of at least about 50%, 60%, 70%, or 80%.
Purity can be measored overall or in relation to selected components, such as other proteins, e.g.,
purity on a protein basis,

Purified proieins or protein complexes can also be characterized according to their biological
characteristics. Binding affinity and binding Kinetics can be measured according to a variety of
technicques known in the ad, such as Biacore® and related techuologies that utilize surface plasmon
resonance (SPR), an opiical phenomenon that enables detection of ualabeled interactants in weal ime.
SPR-based biosensors can be used 1o detenmination of active conceniration, screening and
characterization in terms of both affinity and kinetics. The presence or levels of one or more
biological activities can be measured according to in vitro or cell-based assays, which are optionally
functionally coupled to a readount or indicator, such as a fluorescent or lnminescent indicator of
biological activity, as described herein.

In certain embodiments, as noted above, a composition is substantially endotoxin free,

including, for example, about 95% endotoxin free, preferably about 99% endotoxin free, and more
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preferably about 99.99% endotoxin free. The presence of endotoxins can be detected according to
routing techniques in the ant, as described herein. In specific embodiments, a protein or profein
conplex is made from a eukaryotic cell such as a manumalian or human cell i sobstantially serum
free muedia. In certain crabodiments, as noted herein, a composition has an endotoxin content of less
than about 10 EUl/mg of protein, or less than about 5 EU/mg of protein, less than about 3 EU/;g of
protein, or less than about 1 EU/mg of proteia.

In certain emboduments, a composition comprises Iess than about 10% wiAwt high molecular
weight aggregates. or less than about 5% wiiwt high molecudar weight aggregates, or less than about
286 wi/wt high molecular weight aggrepates, or less than about or less than about 1% wt/wt high
molecular weight aggregates.

Also included are protein-bascd analytical assavs and methods, which can be used to assess,
for example, profein purily, size, solubility, and degree of aggregation, among other characteristics.
Protein purity can be assessed a number of ways. For instance, purity can be assessed based on
primary structure, higher order structure, size, charge, hydrophobicity, and glycosviation. Examples of
methods for assessing primary structure include N~ and C-terminal sequencing and peptide-mapping
{see, c.g., Allen ¢t al., Biologicals. 24:255-275, 1996)). Examples of methods for assessing higher
order structure juctude circular dichroism (see, ¢.z., Kelly et al, Biochim Biophys Acta. 1751:119-
£39, 20035), fluorescent spectroscopy (see, ¢.g., Meagher et al,, J. Biol. Chem. 273:23283-89, 1998},
FT-IR, amide hydrozen-deuterinn exchange kinetics, differential scanning calordmetry, NMR
spectioscopy, immunoreactivity with conformationally sensitive antibodies. Higher order structure
can also be assessed as a fouction of a variety of parameters such as pH, temperature, or added salts.
Examples of methods for assessing protein characteristics such as size include analvtical
ultracentrifugation and size exclusion HPLC (SEC-HPLC), and exemplary methods for measuring
charge include ion-exchange chromatography and 1solectric focusing. Hydrophobicity canbe
assessed, for exaraple, by reverse-phase HPLC and hydrophobic inferaction chromatography HPLC.
Glveosylation can affect pharmacokinetics {e.g., clearance), conformation or stability, receptor
binding, and protein function, and can be assessed, for example, by mass spectrometry and nuclear
magnetic resonance (NMR) spectroscopy.

As noted above, certain erabodiments include the use of SEC-HPLC to assess protein
characteristics such as purity, size (¢.g., size homogeneity) ot degree of aggregzation, and/or to punfy
proteins, among other uses. SEC, alse including gel-filtration chromatography (GFC) and gel-
permeation chromatography (GPC), refers to a chromatographic method in which molecules in
solation are separated in a porous maternial based on their size. or more specifically their
hydrodynamic volume, diffusion coefficient, and/or surface properties. The process is generally used
1o separate biological molecules, and to determine molecular weights and molecular weight
distributions of polvmers. Typically, a biological or protein sample (such as a protein extract

produced according to the protein expression methods provided herein and known 1 the art) is loade
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into a selected size-exclusion column with a defined stationary phase (the porous material), preferably
a phase that does not interact with the proteins in the sample. In certain aspects, the stationary phase is
composed of inert particles packed info a dense three-dimensional matrix within a glass or steel
column. The mobile phase can be pure water, ag aquedus buffer, an organdc solvent, or a mixture
thereof. The stationary-phase particles typically have small pores and/or channels which only allow
molecules below a certain size 10 enter. Large particles are therefore excluded from these pores and
channels, and their Lmited interaction with the stationary phase leads them to elute as a “totally-
excluded” peak at the beginming of the experiment. Smaller molecules, which can it into the pores,
are removed from the flowing mobile phase, and the tme they spend imumobibized in the stationary-
phase pores depends, 1n part, on how far into the pores they penetrate. Their removal from the mobile
phase flow causes them 1o take longer to elute from the column and results in a separation between
the particles based on differences in their size. A given size exclusion column has a range of
maolecular weights that can be separated. Overall, molecules larger than the upper lirnit will not be
trapped by the stationary phase, molecules smaller than the lower limit will completely enter the solid
phase and clute as a single band, and nwiecules within the range will elute at differcnt rates, defined
by their propertics such as hydrodynamic volume. For exampies of these methods in practice with
pharmaceutical proteins, sec Bruner et al., Journal of Pharmaceutical and Biomedical Analysis. 15:
£929-1935, 1997,

Protein purity for clinical applications is also discussed, for example, by Anicetti et al.
{Trends in Biotechnology. 7:342-349, 1989}, Mo recent technigues for analyzing protein purity
inclade, without Umitation, the LabChip GXU, an automated platform for rapid analysis of proteins
and nucleic acids, which provides high throughput analysis of titer, sizing, and punty analysis of
proteins. In certain non-limiting embodiments, climcal grade proteins or protein complexes can be
obtained by utilizing a combination of chromatographic materials in at least two orthogonal steps,
among other methods (see, e.g., Therapentic Proteins: Methods and Protocols. Vol 308, Eds., Smales
and James, Homana Press Inc., 2005). Typically, protein agents are substantially endotoxin-fice, as
measured according to techniques known in the art and described herein.

Protein solubility assays are also included. Such assays can be utilized, for exanple, t©
determaine optimal growth and punfication conditions for recombinant production, to optimize the
choice of buffexr(s), and to eptinize the choice of a protein o1 protein commplex and vanants thereof,
Schubility or aggregation can be evaluated according to a varietly of parameters, including
temperature, pH. salts, and the presence or absence of other additives. Examples of solubility
screeing assays include, without lmitation, microplate-based methods of measuring protein
solubility using turbidity or other measure as an end point, high-throughput assays for analysis of the
solubility of purified recombinant proteins (see, e.g., Stenvall et al., Biochim Biophys Acta. 1752:6~
10, 20035), assays that use stractural complementation of a genetic marker protein 1o monttor and

measure protein folding and solubility in vive (see, e.g., Wigley et al., Natare Biotechnology. 19:131-

R
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136, 2001}, and electrochemical screening of recombinant protein sohubility in Escherichia coli using
scanning electrochemical microscopy (SECM) (see, ¢.g., Nagamine et al., Biotechnology and
Biosngincenng. 96:1008-1013, 2006), among others. A protein or protein complex with increased
solubility {or reduced aggregation) can be identified or selected for according to routine techuigues in
the art, inchuding staple in vivo assays for protein solubility (sec, ¢.g., Maxwell et al., Protein Sct.
8:1908-11, 1999},

Protein solubility and aggregation can also be measured by dynamic lght scattering
techuigues. Aggregation is a gegeral term that encompasses several types of interactions or
characteristics, inchuding schible/igsoluble, covalent/noncovalent. reversible/irreversible, and
native/denatured interactions and characteristics. For protein therapeutics, the presence of aggregates
is fypically considered undesirable becaunse of the concern that aggregales may Cause an Immunegenc
reaction (¢.g., small aggrogates), or may causc adverse events on administration {e.g., particulates).
Dvnamic light scattening refers to a technigue that can be used to determing the size distribution
profile of small particles in suspension or polymers such as proteins in solution. This techmique, also
referred {o as photon correlation speciroscopy (PCS) or quasi-clastic light scattering (QELS), uses
scattered light to measure the rate of diffusion of the protein particles. Fluctuations of the scattering
intensity can be abserved due to the Brownian motion of the mnlecules and patticles in solution. This
motion data can be conventionally processed to derive a size distribution for the sample, wherein the
size is given by the Stokes radius or hydredynamic radius of the protein particle. The hydredynamic
size depends on both mass and shape (conformation). Dynamic scattering can detect the presence of
very sinall amounts of aggregated protein (<0.01% by weight), even in samples that contain a large
range of masses. It can also be used to compare the stability of different formulations, including, for
example, applications that rely on real-time monitoring of changes at elevated temperatures.
Accordingly, certain embodiments include the use of dynamic light scattering 1o analyze the solability
and/or presence of aggregates in a sample that contains a profein or profein complex of the present

disclosure.

Although the foregoing embodiments have been described in some detail by way of
iltustration and example for purposes of clarity of understanding, it will be readily apparent to one of
oxdinary skill in the art in light of the teachings of this disclosure that certain changes and
modifications may be made thereto without departing from the spit or scope of the appended clatms.
The following exarmples are provided by way of illustxation only and not by way of imitation. Those
of skill in the art will readily recognize a varety of noncritical parameiers that could be changed or

modified to vield essentially stmilar results.
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EXAMPLES

Example §
Characteristics of AZM:PPE Protein Complexes

Experiments were performed 10 test the characteristics of protein complexes compased of
differcot molar ratios of A2M and the PPE protein “Mutant F7 (MutF, SEQ D NG: 53,

AIAT Protection Assay. MuotF (400nM) was mixed with different conceniration of A2M o
reach various molar ratios, foltowed by 30 minutes incubation at 37°C. A protection assay was
performed in 384-black well coated plate by adding 16uL of the sample with etther 10ul of PBS or
10ul of ATAT 2uM or at different concentrations in duplicates. 20ub of the substrate AAPV-AMC at
a concentration of 100pM was added. Kigetics were measured on Vanoskan LUX: 380 nm ex / 460
i em (Sam bandwidthy, 37°C, top, 100 msec, 2 min for 16 reads. Vo was calculated as activity
measurement.

As shown in Figures 34-38, A2M:MutF protein complexes at 1:2 molar ratio provides the
best protection against A1AT (3A), and increasing concentration of A1AT doesn’t distb the
protection of MutF by AZM (3B).

Flasma FProfection Assay. MulF (400nM) was mixed with 200nM A2M to reach a 1:2 molar
ratio (A2M:MutF), followed by 30 minutes incubation at 37 °C in PBS. A plasma protection assay
was petformed in 384-black well-coated plate by adding 10ul. of sample with either 10ul. of PBS or
10ul. of mouse plasma samples in duphicates. 20ul. of the substrate AAPV-AMC at a concentration of
00uM was added. Kinetics were measured on Vartoskan EUX: 380 w ex / 460 o (Snm
bandwidthy, 37°C, top, 100 msec, 2 min for 16 reads. Vo was calculated 4s activity measurement.

As shown in Figure 3C, plasma inhibits MotF activity on its own but does not inhibit its
activity when complexed with AZM:MutF at a 1:2 molar ratio.

Purification of NI7350-A2M by column chromarography. MutF was mixed with A2M o
reach a 1.2 molar ratio (A2M:MutF), followed by a 30 minutes incubation at 37 °C. AKTA pure
chromatography svstem was used for protein purification. For the cation exchange columm, the PD10
desalting coluran was used to buffer exchange the protein mix into 50 mM sodinm acetate, pHS.0
solution. Samples were loaded on pre-washed/equilibrivm HiTrap SP colunn with 0.5M Na(l, 56mM
sodivim acetate, pH 5.0 elute in 20 fractions (Todl./fraction). For the size exclusion column, PD IO
desalting column was used to buffer exchange the protetn mix into 50mM sodiom phosphate, 150mM
NaCl, pH7. Samples were loaded on pre-washed Superose 6 10/300 increase. Flow rate were set as
0.5mb/min to collect tmb per fraction. Each fraction was dituted 1:230 1n PBS for A2M:MutF ATAT

™
NS

protection assays, Protein concentration was measured using Pierce™ BCA protein assay kit
{ThermoFisher Scientific, see Mamuifacturer’s instruction). For the A1AT protection assay, 10ul of
cach fraction dilution were coated in 384-black well plate with either 10al of PBS or 10ul of A1AT

2uM or at different concentrations in duplicates. 20pL of the substrate AAPV-AMC at a concentration

W
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of 100uM was added. Kinetics were measured on Varioskan LUX: 380 nm ex / 460 nm em (Snm.
bandwidth), 37°C, top, 100 msec, 2 min for 16 reads. Vo was calenlated as activity measurement.

The results in Figures 4A-4F show that the A2M:MutF protein complex is stable, Fignre 44
shows MutF activity and concentration of the different fractions of A2M:MutF complex after cation
exchange column separation in the presence or absence of ATAT. Figure 48 shows MuiF activity and
concentration of the different fractions of A2M:MutF complex after size exclusion column separation
in the presence or absence of ATAT. Figures 4C-4D show that A2M:MutF complexes are stable
across a broad pH range as measured by enzyme activity (4C) and ATAT protection (48). Figure 4E
shows that AZM:MutF complexcs are stable over mudtiple freeze/thaw cycles, as measared by enzyme
activity.

Activity & ALAT profection in cell lysates. Tumor cells were trypsinized, washed with FBS,
counted, and diluted in serum free media. 40K of tumor cells were added to a V botiom plate,
followed by adding 40ul. of different conditions (SFM, AZM, 400nM N17350, or pre-mixed
A2M:MuatE (800nM-400nM). The plate was incubated at 37 °C for 30 minutes. After incubation the
plate was centrifuged at 300xg for 5 minutes and washed with an additional 200ul, of PBS per well.
25ul. of cvioplasouc lysis buffer was added to each well (10mM HEPES pHS, 10maM K1, 0. 1M
EDTA, 0.3% NP-40), and incubated onice for 20 minutes with 10 secconds vortex every 5 minutes,
The plate was centrifuged at 300xg for 5 minutes. The supernatant was carefolly teansferred to a new
96-well plate for AZM:MutF activity and protection assay measurement. Here, 10ul. of the
supernatant was coated in 384-black well plates with either 10al. of PBS or 10ul of ATAT 2uM or at
different concentrations in duplicates. 20l of the substrate AAPV-AMC at a concentration of
100uM was added. Kinetics were measured on Varioskan LUX: 380 nm ext/ 460 nm em (Snm
bandwidthy, 37°C, top, 100 msec, 2 min for 16 reads. Vo was calculaled as activity measuremen.

The results in Figures SA-5D show that A2M:MutF protein complexes can enter the cells and
remnain in the protein complex form intracellnlarly since ATAT is not able to inhibit its activity.

C195-C cleavage assay. MutF was mixed with different concentrations of AZM (o reach
various molar ratios, followed by a 30-minute incubation at 37 °C in PBS. Recombinant CD95-C
terminal protein (Waxi) was incubated with pre-mixed AZM:MutF protein complexes at different
molar ratios for thr at 37 °C. Samples containing tug of CD95-C were Joaded on 17.5% SDS-PAGE
gels, and stained with One-step Blue (Biotiuny). Gels were tmaged by iBright 1300,

As shown in Figure ¢4, A2M:MutF protein complexes ranging from a 1:2 to 1:16 molar ratio
cleave CDOS as efficiently as MutF alone.

FLibrinogen cleavage assav. Mutlt was mixed with different concentrations of A2M to reach
various molar ratios, followed by a 30-munute 1ncubation at 37 °C in PBS. Human fibanogen (Sigma)
was incubated with pre-mixed AZM:Mutf protein complexes at different molar ratios for 1hr at 37 °C.
Samples containing Sug of fibrinogen were loaded on 4-15% gel and fibrinogen was detected by

Western Biot with an anti-fibrinogen (cell signaling Technology). Gels were imaged by iBright 1500,
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As shown in Figure 6B, the AZM:MutF protein compiexes do not cleave fibrinogen, as
compared to MutF on iis own, which does cleave fibrinogen.

Elastin cleavage assay. MutF was mixed with different concentrations of AZM o reach
varous maolar ratios, followed by a 30-minute tncubation at 37 °C in PBS. Elastin-F {1:100) was
incubated with pre-mixed AZM:MutF protein complexes overnight at 37 °C, and the degraded
fluorescent signal was measured in the supernatant.

As shown in Figure ¢C, the A2M:MuF protein complexes do not cleave elastin, as compared
to MatF on ils own, which does cleave elastin,

Coagulation Assay. Mice were injected with 200ul. of 480ug of MatF or purified A2M MatF
protein complexes at a 1:2 molar ratio. Blood was collected in sodium citrate tubes and centrifuged at
1500xg for 15 minutes. 300 wl of plasma were frozen and shipped to IDEXX {0 be analyzed for
Prothrombin time, Partial Thromboplastin time, and concentration of Fibninogen.

The results in Figures TA-7C show that AZM:MutF protein complexes do not induce
coagulation effects, as compared to MutF on its own, which in contrast increases PT and PTT times
and causes reductions in fibrinogen levels.

Celi-Killing assay. About 20K~40K of cancer cells were plated in a black-weli coated 96 well
plates overnight to settle down. On the second day, each well was washed with 200ul of serum free
media once, followed by different treatments in triplicates. 24h after reatment, cells were incubated
with pre-diluted Calcein-AM solotion {ThermoFisher, 4uM in HBSS with Ca2+Mg2+) for 45
mrtes, Calcein AM was duniped and 100al. of HBSS with Ca2+Mg2+ was added to cach well and
fhiorescence was measured by Vanoskan LUX at 485/520arn {20 bandwidth),

As shown in Figare 8A, AZM:MutF protein complexes at a 1:2 molar ratio induce killing of a
variety of cancer cells in vifro, comparable in most instances to the activity of MuiF on its own.
Figure 8B shows broad cytotoxicity of A2M:MutF (1:2) protein complex towards cancer cells of
different anatomical ongin, and Figure 8C shows that the complex does not kill non-cancer cells.

I vivo efficacy. About one nuillion CT26 cells were implanted in the flank of 7-8 weeks-old
BALB/c mice. Once the tumors reached ~80 mun?’, tumors were treated with 100ug of MutF, 100ug of
AZMMutF (1.2), or 1drag of AZM (corresponding to the amount 0 generate AZM:MutF molar ratio
at 1:2). The tumors were monitored ¢very two days.

As shown in Figure 8B, AZM:MutF protein complexes at a 1.2 molar ratio induoce killing of
cancer cells in vive, comparable to the cell-killing activity of MutF on its own. Figure 8K shows that
A2M:MutF protein complex bas an improved functional PK profile (enzymatic activity in plasma)
relative to MutE alone following intravenous admimstration. Figure 8F shows that AZM:MutF
protein complex induces a favorable immane profile in the CT26 model (left to right i cach graph is
PBS, MutF, AZM:Mutl"). Figure 8G shows that AZM:MutF protein complex elicits a fumor antigen-
specific CO8+ T cell response in the CT26 model (Jeft to right in each graph is PBS, MutF,

wn
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AZNMEMutR}. Induction of effector & meniory T cells is indicative of a functional adaptive immwune
TESPOnSe.

Evaluating selective cancer celi-killing in ovarian cancer patient samples. Cancer and non-
cancer cells were isclated from primary turnors, intraperiioneal (IP) fluid, omental adipose tissue
{common retastatic siie), and blood from 6 ovarian cancer patients. The following cells were 1solated
and tested: cancer cells {dizested turnor with depletion of fibroblasts, CD45+ cells,
andd EpCAM+/high cells), non-cancer imure cells (digested omental cells with depletion of
neutrophils or CEM45+ cells from tumor tissue), penpheral biood mononuclear cells (PBMCs; B cells,
T cells, monocytes, and NK cells), fibroblasts (isofated from tumor samples asing fibroblast isolation
kit), and [P cells (composed of >90% CD45+ immune cells, including B, T, myeloid, NK cells).
Isolated cells were plated and exposed 1o A2M:MatF, doxorabicin (standard of care chemotherapy),
or oxaliplatin (standard of care chemotherapy) for 24 hours. Cell viability was assessed by Calcein-
AM.

Figure A shows that A2M:MutF protein comples, in contrast to dosorubicin and oxaliplatin
has a wide therapeutic window as shown by killing buman ovarian cancer cells without killing non-
cancer cells from patients. Figure 9B shows that AZM:MutF comparably kills cancer cells isolated
from chemo-naive and chemo-treated patients, in countrast to doxorubicin and oxaliplatin, which show
reduced killing of cancer cells isolated from chemo-treated relative {o chemo-naive patients.

Fvaluating immunogenic cell death (1CD). CT26 (mwrine colon), AS49 (human tung), and
ovarian patient cancer cells were trealed with A2M:MutF and oxaliplatin (known ICD inducer in
certain cell types at high concentrations) for 24 hours. Inmunogenic cell markers were evaluated,
including HSP70, ATP release, HMGR1, and CALR (see, for example, Fucikova et al., Cell Death
Dis. T1(11): 1013, 2020).

Figure 10A shows that AZM:MutF protein complex induces ICD markers in CT26 and AS49
cells. Figure 10B shows that AZM:Mutl protein complex induces {CD marlers in human ovarnan
patient-derived tumor cells (feft to right in each graph are CTRL, AZM:MuiF, oxaliplating.

Evaluating the dose and schedule of A20M:Mut#. CT26 colon cancer cells were ingected into
the flanks of mice and grown until they reached about 80 mwy’. Multiple intravenous doses of
A2M:MutF protein complex or vehicle were admuinistered as below:

e Vehicle: Day 0, 2, 4, and 6, and Day 8, 10, 12 and 14;
s A2M:Muth 100 pg: BEvery single dav for 2 weeks {daily);
o AZM:MutF 200 pg: Day 0, 2, 4, 6 and Day 8, 10, 12 and 14 (every other day); and
e AOM:MutF 400 pg: Day 0, 4, 8, and 12 {(every 4™ day).
Tumor growth and weight were assessed. Figures 11A-118 show tumor growth post-

treatment, and Figare 11C shows turmor weight at 15 days post-treatment (11C from left to right:
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vehicle every other day, AZM:MutF 100 ug datly, AZM:MutF 200 ug overy other day, A2ZM:MutF
400 ug every 4% day).

Evaluating anfi-tumor efficacy in syngeneic mice tumor models. CT26 (highly immunogenic
mwodel of colon), MU38 (warm tmununogemic model of colon), and BI6F10 {cold immunogenic model
of skin cancer and hung metastasis) cancer cells were injected into the flanks of syngencic B-oeil
deficient Ji-BALB/c or C57BL/6 mice and grown until they reached about 80-100 mm’. AZM:MuotF
protein complex (400 pg) or vehicle were imgected intravenously every other day for 2-3 weeks.
Tumor growth was monitored.

Figures 12A-128 show that A2M:MutF protein complex effectively attenuates tomor growih
in Jh-BALB/c CT26 colorectal cancer model. Figures 12C-12D show that AZM:MutF protein
complex treats primary tumor and metastasis in a Jh-C37BL/6 B16F10 melanoma model. Figure 12K
shows that AZM:MutF protein complex displays efficacy across a range of tumors with variable
immnological status.

Fvaluating anti-tumor efficacy velative to SoC chemotherapv. CT26 colon cancer cells were
injected into the flanks of syngeneic B-cell deficient Ih-BALB/C mice and grown until they reached
about 80-100 mm’. AZM:MutF protein complex (400 pg every other day for 3 weeks) or oxaliplatin
(6 mg/kg on day 0 and 2) were injected intravenously. Tumor growth and overall survival were
raonitored.

Figures 13A-13C show that AZM MuiF protein complex has improved anti-tumor efficacy
relative to SoC chemotherapy (oxaliplatiny without observed toxicity.

Evaluating anti-tumor efficacy towards human cancer cells in xenograft models (NU/NU and
NCG female mice). HCT116 (human colorectal cancer), HT29 (human colorectal cancer), PC3
(human prostate cancer), NCI-H338 (hman lung cancer), AS49 (human lung cancer), ovarian palient
derived (CDX) model, and breast cancer (PDX) model cancer cells were injected into the flanks of
mice and grown unti! they reached about 80-100 mm’. A2M:MutF protein complex (400 ug) or
vehicle were irjected intravenously every other day for 2-3 weeks. Tumor growth and overall survival
were monitored.

Figures 14A shows the efficacy of A2M:MutF protein complex in a lung cancer human
xenograft model. Figure 148 suounarizes the efficacy of AZM:MutF protein conplex across a variety
of prostate cancer, colon cancer, and lung cancer models. Figure 14C shows that A2MMuiF protein
conplex effectively kills human ovarian patient-denved tumor cells (from patient CDX_002) ina
xenograft mouse model, and Figure 14D sununarizes the efficacy of AZM:MutF protein complex in
this model across three ovarian cancer patienis (patient histories: diagnoses, Grade 3; trcatmend,

DX 001 and CDX 003 chemo-naive and CDX 002 weated with 3 cycles of
carboplatin+paclitaxclHkeytmda). Figures 14E-14F show that A2M:MutF protein complex
cifectively kills patient-dernived breast cancer cells in vitro and in vive (patient hustory: diagnosis,

breast cancer HER2- and ER+; treatment, chemo-naive). Figure 146 summarizes the in vivo efficacy
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of A2ZM:MutF protein complex across a variety of human tumors and shows that the efficacy is
indepondent of tumor genetics or inwiune status,

Figure 15§ shows that mice treated with A2M:MutF protein complexes are umor-free (5/11)
after indtial chalienge with CT26 colorectal cancer cells, and that all of these mice (5/5) retain thetr
tumor-free status upon w-challenge with C26 cells. This sindy suggests that treatment with

A2M:MuiF protein complexes induces a tiumor-specific HuMUNe MOy 1esponse.
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Claims
1. A pharmaceutical composition, comprising a protein complex of’
{a} alpha-2-macroglobulin (A2M) proteins; and
{b) scrine protease proteins,

wherein {a) and (b} are present in the composition at a molar ratio {(a):(b)} of abowt 1.3 o
about 1:1.

2. The pharmaceutical composition of claim 1, wherein the AZM proteins of (&) and the
serine protease proteins of (b) are bound together in the protein complex, and optionally wherein the

protein complex:

(i) retains CD95 (Fas Receptor) protease cleavage activity and cancer cell-killing activity
of (b);
(i) sterically hinders binding of (b) fo fibrinogen and reduces or inhibits fibrinogen

cleavage activity of (b); and
{iii) sterically Iinders binding of (b) 10 serine protease inhubitors (nchuding alpha-1
antittypsin (ATAT)).

3. The phammaceutical composition of claim 1 or 2, wherein (a) coraprises, consists, or
consists essentially of an amino acid sequence that s at least 80, 85, 90, 95, 98, 99, or 100% identical

to a sequence selected from Table Al, or a functional fragment thercof.

4. The pharmaceutical composition of claim 3, wherein the functional fragment thereof
coniprises, consists, or consists essentially of about 100, 200, 300, 400, 5300, 600, 700, 800, 900, 1000,

1200, 1300, or 1400 contiguous amino acids of a sequence selected from Table AL

5. The pharmaceutical composition of claim 4, wherein the functional fragment thereof
is composed of approximately residues 1-1400, 1-1300, 1-1200, 1-1100, 1-1000, 1-900, 1-800, 1-700,
1-600, 1-500, 1-400, 1-300, 1-200, 1060-1400, 100-1300, 100-1200, 100-1100, 100-10600, 100-900,
100-800, 106-700, 100-600, 100-500, 100-400, 100-300, 100-200, 200-1400, 200-1300, 200-1200,
200-1109, 200-1000, 200-900, 200-800, 200-700, 200-600, 200-300, 200-400, 200-300, 300-1400,
300-1300, 300-1200, 300-1 1090, 306-1000, 300-900, 300-800, 306-700, 306-600, 300-500, 300-400,
400-1400, 400-1300, 400-1200, 400-1100, 400-1000, 400-900, 400-800, 400-700, 400-600, 400-500,
S00-1400, 500-1300, 500-1200, 300-1100, $60-1006, 5060-900, 500-800, S60-700, 500-600, 600~
1400, 600-1300, 600-1200, 600-1100, 600-1000, 600-900, 600-800, 600-700, 700-1400, 700-1300,
700-1200, 700-1100, 700-1000, 700-900, 700-800, 800-1400, 800-1300, 860-1200, 800-1100, 800-
1000, 800-900, 900-1400, 900-1300, 900-1200, 900-1100, 900-1000, 1600-1400, 1060-1300, 10006~
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1200, 1000-1100, 1100-1400, 1100-1300, 1160-1200, 1200-1400, or 1200-1300 of a sequence
selected from Table AL

. The pharmaceutical composition of any one of claims |-5, wherein (a) is conjugated

or fused to an antibody, or an antigen binding fragment thereof,

7. The pharmaceutical composition of claim 6, wherein the antibody, or antigen binding
fragrent thereol, specifically binds to a tumor-associated antigen (TAA) or tumor-specific antigen

(TSA).

8. The pharmaceutical composition of any one of claims -7, wherein (b) is selected
from a porcine pancreatic clastase (PPE) protein, a human neutrophil clastase (ELANE) protein, a

human cathepsin G (CTSG) protein, a human proteinase 3 (PR3) protein, and a granzynie B protein.

9. The phammaceutical composition of claim 8, wherein:

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at Jeast 80, 85, 90, 95, 9%, 99, ur 100% identical to SEQ ID NO: 5, and which retains the Q211F
amino acid substifntion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 83, 90, 95, 98, 99, or 100% identical to SEQ [D NO: 6, and which retains the T55A amino
acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 83, 96, 95, 98, 99, or 100% identical to SEQ [D NO: 7, and which retains the Q2 11F and
T53A amine acid substitutions;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 95, 98, 99, or 160% identical to SEQ ID NO: %, and which retains the N241A
amino acid substitution;

the PPE protein comprises, consists, ot consists essentially of an amino acid sequence that is
at least 80, 85, 96, 95, 98, 99, or 100% identical to SEQ 1D NO: 9, and which retatns the N241Y
amino acid substitotion;

the PPE protein comprises, consists, ot consists essentially of an amine acid sequence that is
at least 80, 83, 90, 93, 98, 99, or 100% identical to SEQ D NO: 10, and which retains the R75A
anino acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amine acid sequence that is
at feast 80, 85, 90, 93, 98, 99, or 100% identical to SEQ 1D NG: 11, and which retains the R75E

amine acid substitution;
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the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 83, 96, 95, 98, 99, or 100% identical to SEQ ID NO: 12, and which retains the Q2114
amino acid substitution;

the PPE protein comprises, consists, ot consists essentially of an amine acid sequence that is
at least 80, 85, 96, 95, 98, 99, or 100% identical to SEQ TD NG 13, and which retains the R237A
amino acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amine acid sequence that is
at least 80, 85, 90, 93, 98, 99, or 100% identical to SEQ ID NG: 14, and which retaing the S214A
amino acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at feast 80, 85, 90, 93, 98, 99, or 100% identical to SEQ 1D NO: 13, and which retains the D74A
amine acid substitution; and

the PPE protein comprises, consists, o consists essentially of an amino acid sequence that is

at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ ID NO: 16.

10. The phammaceutical composition of claim 8, wherein:

the human ELANE protein comprises, consists, or consists essentially of an amino acid
sequence that is at least 80, 85, 90, 95, 98, 99, or 160% identical to SEQ ID NG 17;

the human CTSG protein comprises, consists, or consists essentially of ag amino acid
sequence that is at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ 1D NO: 18;

the hurnan PR3 protein comprises, consists, or consists essentially of an amino acid sequence
that 1s at Ieast 80, 85, 90, 95, 98, 99, or 100% identical to SEQ D NO: 19; or

the human granzyme B protein comprises, consists, or consists essentially of an amino acid

sequence that is at least 80, 85, 90, 93, 98, 99, or 100% identical to SEQ ID NO: 20

11, The pharmaceutical compaosition of any one of clains 1-10, wherein {(a) and (b) are
present in the composition at a molar ratio of about 1.3, 1:2.9, 1. 2.8, 1:2.7, 1:2.6, 1.2.5, 1124, 1:.2.3,

2L B 119, 018 BE7 116 BS54, 13 12 it or 101

i2. The pharmaceutical composition of claim 11, wherein {a) and (b) are present 1n the

conposition at a molar ratio of about 1.2,

i3. A method of treating, amcHorating the symptoms of, and/or reducing the progression
of, a cancer in a subject in need thereof, comprising adminisiering to the subject a pharmaceatical

composition of any one of claims 1-12.



WO 2024/211493 PCT/US2024/022956

14. The method of claim 13, wherein the cancer is a primary cancer or a metastatic
cancer, and is selected from one or more of melanoma (optionally metastatic melanoma), breast
cancer {optionally triple-negative breast cancer, TNBC), kidnev cancer {optionally renal cell
carcinoma), pancreatic cancer, bone cancey, prostate cancer, small cell lung cancer, non-small cell
tung cancer (INSCLC), mesothehioma, leukenua (optionally lymphecytic leukemia, chronic
myelogenous leukemia, acute rayeloid leukemia, or relapsed acute myeloid leukernia), multiple
myeloma, lymphoma, hepatoma (hepatocelllar carcinoma), sarcoma, B-cell malignaney, ovarian
cancer, colorectal cancer, ghioma, glioblastorna multiforme, meningioma, pibuitary adenoma,
vestibular schwannoma, primary CNS ymphoma, primitive seuroectodermal tumor
{medulloblastoma), bladder cancer, uterine cancer, esophageal cancer, brain cancer, head and neck

cancers, cervical cancer, testicular cancer, thyroid cancer, and stomach cancer.

15 The method of claim 13 or 14, wherein administration (optionally intravenous
administration) of the pharmacentical composition does not substantially increase prothrombin time or

partial thromboplastin time in the subject.

16, The method of any one of claios 13-15, wheretn administration of the pbammaceutical
coraposition increases cancer cell-killing in the subject by about or at least about 2-fold, 3-fold, 10-

fold, 50-fold, 100-fold, 500-fold, or 1000-fold or more relative o a control or reference.

17. The method of any one of claims 13-16, comprising administering the pharmacentical

composition to the subject by parenteral administration.

18. The method of claim 17, wherein the parenteral administration is infravenous
adminstration.
19, A method of mamufacturing a pharmaceutical composition comprising a protein

conplex, by combining:
{2} aipha-2-macroglobulin (A2M) proteins; and
{b) serige protease proteins,
inte a compasition at a molar ratio {(a):(b}} of about 1:3 1o about 1:1, therehy manufacturing

the pharmaceutical composition comprising the protein complex.

20, The method of claim 19, comprising recombinantly producing {a) prior to combining

with (b).
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21. The method of claim 19, comprising puriiying (2} from plasma of a human subject

prior fo combining with (b).

22. The method of any one of clairas 19-21, comprising recombinantly producing (b)

pricr to combimug with (a).

23. The method of any one of claims 19-22, which comprises combining {a) and (b ata
molar ratio [(ay.(b)] of about 1:3, 1:2.9, 1: 28, £:2.7. 1:2.6, 1125, 1:24 023, 1: 2.1, 02 119, 1114,
FL7 006, B85, 104 B33, 612 L or bl

24, The method of claim 23, which comprises combining (a) and (b} at a molar ratio

{{ay:.{b)] of about 1.2,

25, The method of any one of claims 19-24, wherein the A2M proteins of (a) and the
serine profease proteins of (b) are bound together in the protein complex, and optionally wherein the
profein complex:

() retains CD9S (Fas Receptor) protease cleavage activity and cancer cell-killing activity
of (b);

() stexically hinders binding of (b) to fibrinogen and reduces or uxhibits fibrinogen
cleavage activity of (b); and

(it} sterically hinders binding of (b) (0 scrine protease inhibitors (nchding alpha-1

antitrypsin (A1AT)).

26. The method of any onc of claims 19-25, wherein (a) comprises, consists, or consists
essentially of an amine acid sequence that is at least 80, 85, 90, 93, 98, 99, or 100% identical to a

sequence selected from Table Al, or a functional fragment thercof.

27. The method of claim 26, wherein the functional fragment thereof conprises, consists,
or consists essendially of about 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1260, 1300, or

1400 contiguous amino acids of a sequence selected from Table AL

25, The method of claim 27, wherein the functional fragment thereof is composed of
approximately residues 1-1400, 1-1300, 1-1200, 1-1100, 1-1000, 1-900, 1-800, 1-700, 1-600, 1-300,
1-400, 1-300, 1-200, 100-1400, 100-1300, 100-1200, 100-1100, 100-1000, 100-900, 100-300, {00-
700, 100-600, 100-500, 160400, 160-300, 100-200, 200-1400, 200-1300, 200-1200, 200-1100, 200-
1000, 200-900, 200-800, 200-700, 200-600, 200-300, 200-400, 200-300, 360-1400, 300~1300, 300-
1200, 300-1100, 300-1000, 300-900, 300-800, 3060-700, 300-600, 300-500, 300-400, 400-1400, 400~
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1300, 400-1200, 400-1100, 400-1000, 400-900, 400-800, 400-700, 400-600, 400-500, 500-1400, 500-
1300, 300-1200, 500-1100, 500-1000, 560-900, 500-800, 500-700, 500-600, 600-1400, 500-1300,
600-1200, 600-1100, 600-1000, 660-900, 600-800, 600-700, 700-1400, 700-1300, 700-1200, 700-
1100, 700-1000, 700-900, 700-%00, 800-1400, 800-1300, 800-1200, 860-1100, 800-1000, 800-900,
900-1400, 960-1300, 900-1 200, 906-1100, S00-1000, 1000-1400, 1000-1300, 10060-1200, 1000-1 100,
11001400, 1100-1300, 11060-1200, 1200-1400, or 1200-1300 of a sequence selected from Table Al

29. The method of any one of claims 19-28, wherein (a) is conjugated or fused o an

antibody, or an antigen binding fragroent thereof,

30, The method of claim 29, wherein the antibody, or antigen binding fragment thereof,

specifically binds to a tumor-associated antigen (TAA) or a tumor-specific antigen (TSA).

31. The method of any one of claims 19-30, wherein (b} is sclected from a porcine
pancreatic clastase (PPE) protein, a human neutrophil clastase (ELANE) protein, a human cathepsin G

(CTSG) protein, a human profeinase 3 (PR3) protein, and a human granzyme B proicin,

32, The method of claim 31, wherein:

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ [D NO: 5, and which retains the Q211{F
amino acid substinion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 83, 96, 95, 98, 99, or 100% identical to SEQ (D NO: 6, and which retains the T55A amino
acid substitution;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at least 80, 85, 90, 95, 9§, 99, or 100% identical to SEQ D NO: 7, and which retains the Q211F and
T55A amino acid substitutions;

the PPE protein comprises, consists, ot consists essentially of an amino acid sequence that is
at least 80, 85, 96, 95, 98, 99, or 100% identical to SEQ 1D NO: £, and which retatns the N24 1A
amino acid substitotion;

the PPE protein comprises, consists, ot consists essentially of an amine acid sequence that is
at least 80, 83, 90, 935, 98, 99, or 100% identical to SEGQ D NG: 9, and which retatns the N241Y
anino acid substitotion;

the PPE protein comprises, consists, or consists essentially of an amine acid sequence that is
at feast 80, 85, 90, 93, 98, 99, or 100% identical to SEQ 1D NO: 10, and which retains the R75A

amine acid substitution;
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the PPE protein comprises, consists, or consists essentially of an amine acid sequence that is
at least 80, 85, 96, 95, 98, 99, or 100% identical to SEQ ID NO: 11, and which retains the R73E
amino acid substitution;

the PPE protein comprises, consists, or consists essentially of an aming acid sequence that is
at least 80, 85, 96, 93, 98, 99, or 100% identical to SEQ D NO» 12, and which retains the Q211A
amino acid substitution;

the PPE protein comprises, consists, or consists essentially of an arnino acid sequence that is
at least 80, 85, 90, 93, 98, 99, or 100% identical to SEGQ ID NO: 13, and which retains the R237A
antino acid substitetion;

the PPE protein comprises, consists, or consists essentially of an amino acid sequence that is
at feast 80, 85, 90, 93, 98, 99, or 100% identical to SEQ 1D NO: 14, and which retains the S214A
antine acid substitution;

the PPE protein compriscs, consists, or consists essentially of an amino acid sequence that is
at feast 80, 85, 90, 95, 98, 99, or 100% identical to SEQ 1D NO: 15, and which retains the D744
antine acid substitution; and

the PPE protein compriscs, consists, or consists essentially of an amino acid sequence that is

at least 80, 83, 90, 95, 9%, 99, or 100% identical {0 SEQ ID NO: 16.

33, The method of claim 31, wherein:

the hurnan ELANE protein coraprises, consists, or consists essentially of an amino acid
sequence that is at feast 80, 85, 90, 95, 98, 99, or 100% identical to SEQ 1D NG: 17,

the huran CTSG protein comprises, consists, or consists essentially of an amino acid
sequence that is at feast 80, 85, 90, 93, 98, 99, or 100% identical to SEGQ 1D NQ: 18;

the human PR3 protein comprises, consists, or consists essentially of an amino acid sequence
that 1s at least 80, 85, 90, 95, 98, 99, or 100% identical to SEQ D NG 19 or

the human granzyme B protein comprises, consists, or consists essentially of an amino acid

sequence that is at Jeast 80, 85, 90, 93, 98, 99, or 100% identical to SEQ ID NO: 20.

34, The method of any one of clatms 19-33, further comprising the step of testing the
pharmaceutical composiion in one or reore activity assavs selected from one or mmore of a CD9S
cleavage assay (optionally 1o the presence of a serine protease inhibitor such as A1AT), a fibrinogen

cleavage assay, and a cancer cell-killing assay.

35. The method of claim 32, wherein the phanmaceutical composition cleaves CD93
{optionally in the presence of the serine protease inhibitor such as A1AT), does not substantially

cleave fibrinogen, and/or has cancer cell-killing activity.
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