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BACKGROUND

Tissue kallikreins (KLKs) are a family of 15 trypsin- and chymotrypsin-like serine
proteases. KLKs are secreted as pro-enzymes, requiring the removal of termunal peptide portions
through specific amino-terminal proteolysis for activation. Some KLKs are reliant on activation
by other KLKSs or other proteases, while some KLKs, such as KLKS, are capable of selt-
activation. As such, KLKs function through proteolytic cascades i the body. KLKs are widely
expressed in a diverse range of tissues including the kidoney, brain, respitatory, gastrointestinal,
epidermis, and reproductive tracts. KLKs regulate a number of essential physiological functions
generally in a cell-specific manner, including modulating immunity, inflammation, and
Carcinogenesis.

In addition to other roles, KLKs play an important role in the epidermis. KLKS and
KLK7 degrade desmosomal proteins, a group of proteins responsible for the structural integrity
of the epidernus, For example, the shedding of old cells from the skin sorface and maintaining 2
healthy epidermis requires the degradation of desmosomes, a process known as desquamation
{Simon et al. 2001, Caubet et al. 2004). As such, KLKs play a role in maintaining the integrity
of the skin barrier, and in preventing desquamation and inflammation. KLKS 15 an important
regulator of proteolytic activity in the epidermis, as KLKS can activate not only its own pro-
enzyme but also many other KLK family pro-enzymes, and has been shown to activate proKLK7
{Caubet et al. 2004; Brattsand et al. 2005; Yoon et al. 2007). KLKS has also been shown to
activate the metallo-proteases meprin-¢ and meprin-§, which are associated with basal
keratinocyte proliferation and differentiation processes {Ohler et al. 2010). In addition, KLKS
and KLK14 can activate proteinase-activated receptor-2 (PAR 2), a G-protein-coupled receptor
that is present on the membrane of many cell types including keratinocytes, and plays a
regulatory role in the skin durning inflammation (including production of pro-inflammatory

cytokines leading to the generation of a pro-inflammatory environment, activation of Langerhans
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cells, and induction of pro-aliergic Th2 cells), epidermal barrier function, and pruritus
{Oikonomopoulou et al. 2006; Stefansson et al. 2008). KLKSs, including KLKS, are also involved
in the processing of cathelicidin antimicrobial peptides that kill microbes, and modify host
mmunity and cell growth responses (Lai and Galle, 2009, Yamasaki et al. 2006; Eissa et al.
2011}

Several skin disorders are characterized by elevated protease activity (Komatsu et al.
2002, 2008; Descargues et al. 2006; Yamasaki et al. 2007; Cork et al. 2009). Increased KLKS
activity can be observed in skin samples from Rosacea patients who also show abnormally high
levels of catheliciding 1 theur facial skin (Yamasaki et al. 2007). Netherton syndrome 1s a severe
autosomal recessive disorder also associated with increased KLKS activity that is characterized
by congenital ichthyosis with defective cornification, a specific hair shaft defect (bamboo hair)
and severe atopic manifestations mcluding atopic dermatitis and hay fever {Netherton, 1958;
Burns etal 2004).

However, treatment of diseases and conditions related to increased activity of KLKs has
mainly been non-specific and aimed at symptoms rather than the root cause of disease, and
meurring unwanted side effects, such as atrophy afier prolonged use of glucocorticoids.
Accordingly, there exists a need to develop further KLK mbabttors, in particular KLKS
mhibitors, which have therapeutic potential in the treatment of numerous diseases and

conditions.

SUMMARY

In one aspect, the present disclosure provides a SPINKO polypeptide, comprising a {e.g.,
at least one} mutant SPINKS domamn. In some embodiments, said at least one mutant SPINKS
domain comprises an amine acid sequence represented by Formula ID Hle Glo Cys Ala Lys Gln
Thr Lys Gln Met Val Asp Cys Ser His Tyr Lys Lys Leu Pro Pro X Gln X2 X3 Xa Cys Ks K X
Tyr Asp Pro Hle Cys Gly Ser Asp Gly Lys Thr Tyr Xs Asn Asp Cys Phe Phe Cys Ser Lys Val
Lys Lys Thr Asp Gly Thr Len Lys Phe Val His Phe Gly Lys Cys (SEQ ID NQ: 3), wherem Xi-
Xz are as defined herein.

In some embodiments, said at least one mutant SPINK9 domain comprises an aming acid
sequence represented by Formula T Xo X0 X1 Xi2 Xiz X Xus Xie Xi7 Met Val Asp Cys Ser
His Tyr Lys Lys Leu Pro Pro X0 Gln X2 X5 X Cys Xs X X7 Tyr Asp Pro He Cys Gly Ser Asp
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Gly Lys Thr Tyr X3 Asn Asp Cys Phe Phe Cys Ser Lys Val Lys Lys Thr Asp Gly Thr Leu Lys
Phe Val His Phe Gly Lys Cys (SEQ ID NO: 135}, wherein X;-Xy7 are as defined herein.

In some embodiments, said at least one mutant SPINKO domain comprises an amino acid
sequence represented by Formula IV: Xo X0 X Ala Lys Gln Thr Lys Gin Met Val Asp Cys Ser
His Tyr Lys Lys Leu Pro Pro Xu Gln X2 X5 X4 Cys X5 X6 X7 Tyr Asp Pro He Cys Gly Ser Asp
Gly Lys Thr Tyr Xs Asn Asp Cys Phe Phe Cys Ser Lys Val Lys Lys Thr Asp Gly Thr Leu Lys
Phe Val His Phe Gly Lys Cys (SEGQ 1D NO: 136), wherein Xi-X::1 are as defined herein.

Preferably, the amino acid sequences represented by Formula I, Formula I, and Formula
IV are not the wild type sequence of the SPINK? domamn {i.e., SEQ IDNG: 2).

In further aspects, the present disclosure provides compositions, including
pharmaceutical compositions, comprising a SPINEOS polypeptide, genetic constructs, including
nucleic acid sequences, encoding a SPINK9 polypeptide, host cells comprising such genetic
constructs, and methods for treating diseases and conditions using said SPINK9 polypeptides and
pharmaceutical compositions thereof. Such SPINKS polypeptides may be used to inhibit one or

more KLKs, such as KLKS.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows mean body weight of animals admunstered mutant a representative
SPINKO polypeptide.

Figure 2 shows blood plasma concentration of a representative mutant SPINKY
polypeptide using a Fe+Fe ELISA method.

Figure 3 shows blood plasma concentration of a representative mutant SPINKS

polypeptide using a KLK5+F¢ ELISA method.

PETAILED DESCRIPTION

KLKs and their specific inhibitors have a pivotal role in regulating proteolytic activity,
particularly 1o the skin. Alterations of this equilibrium resulting in dysreguiation of KLK
expression and/or activity 13 imphicated 10 a number of human diseases and conditions {Paliouras,
M, Biol Chem, 2006, Vol 387, pages 643-652). In particular, the serine protease KLKS and the
serine protease inhibitor SPINKS have each been shown 1o be involved in the regulation of

epidermal desquamation. The SPINKS gene codes for the 15-domain protein serine protease
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inhibitor Kazal-type S (SPINKS; also known as Lymphoepithelial Kazal type-related inhibitor,
LEKT.

SPINKS is synthesized as three different lugh-molecular-weight precursors containing up
to 15 inhibitory domains typified by a Kazal-like domain arrangement. The precursors are
rapidly processed into shorter fragments and secreted extracellularly. Several of these shorter
fragments have been shown to intubit KELKS activity. The inhibitory effect of wild-type SPINKS
and related KLKs is pH-dependent, with loss of KLK inhibition at acidic pH similar to that of the
outer lavers of the skin. Loss of function mutations in SPINKS lead to the absence of KLKS
imhibitory activity and hyperactivation of KLKS.

The loss of function in mutations 1 SPINKS and resulting increase 1o serine protease
{e.g., KLK35}) activity have been shown to be a causative factor 1n & variety of diseases, such as
Netherton syndrome and autosomal recessive ichthyosis with hypotrichosis. For example,
Netherton syndrome is associated with routations in the SPINKS gene indicating that serine
proteases are indeed important for skin physiology {Chavanas et al. 2000}, Netherton syndrome
is characterized by congenital erythrodernic ichthyosis, hatr defects, and atopic manifestations
{Comel, 1949, Netherton, 1958, Chavanas et al., 2000). Severe complications are also associated
with Netherton syndrome, mcluding recurrvent bacterial infections, hypersatremic dehydration,
and failure to thrive.

Serine protease mhibitor Kazal-type 9 (SPINKS} 15 a4 7.7 kba serine protease inhibitor
related to SPINKS and 15 almost exclusively expressed in areas where the stratum corneum 1s
thickened or where hyperkeratosis occurs, such as the upper layers of the palmo-plantar
epidermis and in the clavi (Bratisand et al. 2009; Mever-Hoffert et al. 2009). Unlike SPINKS,
SPINKO contains a single inhibitor domain, which has been shown to be a KLK S-specific
inhibitor. Notably, two areas of the body not affected by congenital SPINKS mutations in
Netherton’s syndrome are areas where SPINK9 15 expressed, namely the soles of the feet and
palm. Therefore, SPINKS also plays a role in regulating skin physiology.

As disclosed herein, a SPINK9 polypeptide, and modifications and variants thereof, may
be exploited for iis interactions with KLK proteases {e.g., KLKS5). Accordingly, provided herein
are polypeptides, and compositions thereof, that target enzymes {e.g., proteases of the KLK
family} associated with disease, particularly disorders of the skin and methods of treatment using

such polypeptides and compositions thereof. Such polypeptides and compositions thereof are
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useful for treating or preventing diseases and conditions characterized by aberrant KLK activity
{e.g., aberrant KLKS5 activity}.
Definitions

Unless otherwise defined herein, scientific and technical terms used in this application
shall have the meanings that are commonly understood by those of ordinary skill in the art.
Generally, nomenclature used in connection with, and techniques of, chemistry, cell and tissue
culture, molecular biology, cell and cancer biology, neurobiology, neurochemistry, virology,
mmunclogy, microbiology, pharmacology, genetics and protem and nucleic acid chemistry,
described herein, are those well-known and commonly used in the art.

The methods and technigues of the present disclosure are generally performed, unless
otherwise mdicated, according to conventional methods well known i the art and as described in
various general and more specific references that are cited and discussed throughout this
specification. See, e.g., “Principles of Neural Science”, MeGraw-Hill Medical, New York, N.Y.
{20003, Motulsky, “Intuitive Biostatistics”, Oxford University Press, Inc. (1995); Lodish et ol
“Molecular Cell Biology, 4th ed.”, W. H. Freeman & Co., New York (2000); Griftiths ef ol
“Introduction to Genetic Analysis, Tth ed”, W. H Freeman & Co.,, N Y. {(1999); and Gilbert er
al., “Developmental Biology, 6th ed.”, Sinauer Associates, Inc., Sunderland, MA (2000).

Chemistry terms used herein, unless otherwise defined herein, are used according to
conventional usage in the art, a3 exemplified by “The McGraw-Hill Dictionary of Chemical
Terms”, Parker S., BEd., McGraw-Hill, San Francisco, C.A. (1985).

All patent applications, patents, and printed publications cited herein are meorporated
herein by reference in the entireties, except for any definitions, subject matter disclaimers or
disavowals, and except to the extent that the incorporated material is inconsistent with the
express disclosure herein, in which case the language in this disclosure controls.

The terms “adnunistering,” “administer” or “administration of” as used herein refers to
the introduction of an agent, including a therapeutic agent, to a subject and can be carried out
using one of a variety of methods known to those skilled in the art. For example, administering
can be performed, for example, intravenously, arterially, intradermally, intramuscularly,
mtraperitoneally, subcutanesusly, ocularly, sublingually, orally (by ingestion), intranasally (by
inhalation}, intraspinally, intracerebrally, topically, and transdermally (by absorption).

Administering can also be performed by rechargeable or biodegradable polymeric devices or
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other devices, e.g., patches and pumps, or formulations, which provide for the extended, slow or
controlled release of the compound or agent. Administering can be performed, for example,
once, a plurality of times, and/or over one or more extended periods.

The term “biologically active fragment” as used herein refers to a fragment of a
polypeptide, which still contains a specific biological activity of said parent polypeptide. For
example, in the context of the present disclosure, a "biclogically active fragment” of SPINK® 15 a
fragment of SPINK9, including a mutant SPINK® domain, that is able to inhibit or suppress the
activity of a KLK {e.g., KLK3) as deterroined using the method described in Example 2 herein.
In some erabodiments, a “biologwcally active fragment” of SPINKS 15 a fragroent of SPINKS,
mcluding a mutant SPINKS domain, that is able to inhibit or suppress the activity of a KLK {e.g.,
KLKS) by at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or greater as
compared to wild type SPINK9 {e.g., SPINKY having the sequence of SEQ ID NOS: 1 or 2).

The phrase “conjomt admnistration” or “conjointly administered” as used herem refers
to any form of administration of two or more different agents such that the second agent s
admunistered while the previously administered agent is still effective in the body {e.g., the two
agents are simulianeously effective in the patient, which may include synergistic effects of the
two agenis). For example, the different agents can be administered either in the same
formulation or in separate formulations, either concomitantly or sequentially. Thus, a patient
who receives such treatment can benefit from a combined effect of different agents.

The phrase “conaisting essentially of” as used herein to refer to chemical compounds and
compositions meang that specific further components can be present in such chemical compound
or composition, namely those not materially affecting the essential characteristics of the
compound or composition {e.g., inhibitory activity of a SPINKS9 polypeptide or inhibitory
activity of a mutant SPINK9 domaimn}.

The term “inhubit” as used herein means decrease by an objectively measurable amount
or extent. In various embodiments, “inhibi{” means decrease by at least 5, 10, 20, 30, 40, 50, 60,
70, 80, 90, or 95 percent compared to a relevant control. In one embodiment, “inhibit” means
decrease 100 percent, 7.e., halt or eliminate.

The term “mutant” as used herein refers broadly to a polypeptide comprising one or more
sequence changes compared to a reference polypeptide (e.g., a wild-type polypeptide) ora

nucleic acid encoding said reference polypeptide. In some embodiments, a mutant polypeptide
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comprises an artificially introduced change 1n amino acid sequence {e.g., a change in amino acid
sequence generated in the laboratory or other facility by human intervention). Such mutant
polypeptides may contain a single change or multiple changes in amino acid sequence as
compared to a reference polypeptide. Such amino acid changes include, but are not himzited to,
substitutions, insertions, and deletions. Guidance for substitutions, insertions, or deletions may
be based on alignments of amino acid sequences of different variant proteins or proteins from
different species.

The term “mutant SPINK9 dorain” as used herein refers to a sequence 1o a polypeptide
CoOmprising one of more amino acid sequence changes compared to wild-type SPINKS {e.g., SEQ
I3 NOS: 1 or 2}. In some embodiments, a mutant SPINKO domain sequence 15 at least 70% (e.g.,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%) wdentical to a wild-type
SPINK9 sequence {e.g., SEQ ID NO: 1 or 2). In some embodiments, the sequence change is an
artificially mtroduced sequence change. Such “mutant SPINKS domain” may contain a single
change m amino acid sequence or multiple changes n amino acid sequence as compared to wild-
type SPINKY. For example, in some embodiments, a mutant SPINK9 domain sequence contains
1,2,3,4,5,6, 7,8, 9, or 10 amino acid sequence differences compared to a wild-type SPINKS
sequence.

The terms “patient,” “subject,” or “individual” are used herein are mterchangeably herein
and refer to etther 4 human or a non-human anirmal. The term non-human animal mcludes, but is
not hmited to, mammals, such as humans, primates, livestock anmimals (including bovines,
porcines, efc. ), companion animals (e.g., canines, felines, etc.} and rodents {e.g., mice and rats}.
in one embodiment, a subject is human.

The phrase “pharmaceutically acceptable” 1s art-recognized. In certain embodiments, the
term includes compositions, excipients, adpuvants, polymers and other materials and/or dosage
forms which are, within the scope of sound medical judgment, suitable for use i contact with the
tissues of human beings and animals without excessive toxicity, irritation, allergic response, or
other problem or complication, commensurate with a reasonable benefit/risk ratio.

The terms “pharmaceutically acceptable salt” or “salt” is used herein to refer to an acid
addition salt or a hasic addition salt, which is suitable for or compatible with the treatment of

patients.



WO 2024/020083 PCT/US2023/028123

The terms “preventing” or “prevention” are art-recognized, and when used in relation to
a disease (such as Netherton syndrome) or any other medical condition, is well understood in the
art, and includes administration of a compostiion which reduces the frequency of, or delays the
onset of, symptoms of a medical condition in a subject relative to a subject which does not
recetve the composition. Thus, prevention of Netherton syndrome includes, for example,
reducing the number or severity of atopic manifestations of the disease in a population of
subjects receiving a prophylactic treatment relative to an untreated control population, and/or
delaying the appearance of atopic manifestations of the disease in a population of subjects
recetving a prophylactic treatment relative to an untreated control population, e.g., by a
statistically and/or chinically significant amount.

The terms “prodrug” or “pharmaceutically acceptable prodrug” as used herein refer to g
compound that is metabolized, for exarople hydrolvzed or oxidized, i the host after
administration to form an active compound {e.g., a compound of the present disclosure). Typical
examples of prodrugs include compounds that have biologically labile or cleavable (protecting)
groups on a functional moiety of the active compound. Prodrugs include compounds that can be
oxidized, reduced, aminated, deammated, hydroxylated, dehydroxylated, hydrolyzed,
dehydrolyzed, alkyiated, dealkylated, acylated, deacylated, phosphoryiated, or dephosphorylated
to produce the active compound. Examples of prodrugs using ester or phosphoramidate as
hologically iabile or cleavable (protecting) groups are disclosed in U.S. Patents 6,875,751,
7,585,851, and 7,964,580, the disclosures of which are incorporated herein by reference in thewr
entirety. The prodrugs of this disclosure are metabolized to produce a SPINK9 polypeptide. The
present disclosure includes within s scope prodrugs of the compounds described herein.
Conventional procedures for the selection and preparation of suitable prodrugs are described, for
example, in “Design of Prodrugs” Ed. H. Bundgaard, Elsevier, 1985

The phrase “pharmaceutically acceptable carrier” as used herein means a
pharmaceutically acceptable material, composition or vehicle, such as a liguid or solid fifler,
diluent, excipient, solvent or material useful for formulating a SPINKO polypeptide or other
compound disclosed herein for medicinal or therapeutic use. Each carrier must be "acceptable®
n the sense of being compatible with the other ingredients of the formulation and not injurious to
the patient. Some examples of materials which can serve as pharmaceutically acceptable carriers

mclude: (1) water, any and all solvents, dispersion media, diluents, or other hquid vehicles; (2}
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dispersion or suspension aids; (3) surfactants and surface active agents; {4) isotonic agents,
thickening or emulsifying agents; (S} preservatives, antioxidants, chelating agents, solid binders,
fubricants; (6} sugars, such as dextrans, lactose, glucose and sucrose; (7} starches, such as corn
starch and potato starch; (8) cellulose, and its dertvatives, such as sodium carboxymethyl
cellulose, ethyl cellulose and cellulose acetate; (9) oils, such as peanut otl, cottonseed oil,
safflower o1l, sesame oil, olive oil, corn o1l and soybean oil; {10} glycols, such as propyiene
glveol; (11) polyols, such as glycerin, sorbitol, mannitol and polyethylene glveol; (12} esters,
such as ethyl oleate and ethyl lavrate; (13) buffering agents, such as magoesium hyvdroxide and
aluminum hydroxide, isotonic saline, Ringer's solution, phosphate buffer solutions; (14)
osmolality adjusting agents; (15) stabilizing agents, and the like, as suited to the particular
dosage form desired. Remington's The Science and Practice of Pharmacy, 21% Edition, A. R.
Gennaro {Lippincott, Withams & Wilkans, Baltimore, Md., 2006; mcorporated herein by
reference) discloses various carriers used in formulating pharmaceutical compositions and
known techniques for the preparation thereof. Except insofar as any conventional carrier 15
meompatible with a substance or its derivatives, such as by producing any undesirable biological
effect or stherwise interacting in a deleterious manner with any other component(s} of the
composition, ifs use 13 conteraplated to be within the scope of this present disclosure.

The term “sequence identity”, as used herein, refers (o the sequence similarity between
two peptide/polypeptide/protein molecules. When a position in both of the two compared
sequences 1s occupied by the same amino acid monomer subuntt, for example, then the
molecules are 1dentical at that position. Without being bound by any particular theory or
methodology, the percent sequence identity betwesn two sequences may be considered a
function of the number of identical positions shared by the two sequences divided by the number
of positions compared, and multiplied by 100. For example, if 6 of 10 of the positions in two
sequences are the same, then the two sequences have 60% sequence identity. Generally, a
comparison s made when two sequences are aligned to give maximal identical postiions.

The term “SPINKS polypeptide” as used herein refers to a polypeptide comprising a
mutant SPINK9 domain and optionally an additional domamn {e.g., a Fc portion}. In certain
embodiments, a “SPINKS polypeptide” comprises more than 1 mutant SPINK9 domain {e.g,
from 11020, 1to 15, 110 10, 1-5, 1-4, 1-3, or 2 mutant SPINKY domains) and optionally an

additional domain {e.g., a Fc portion). In some embodiments, the SPINKS polypeptide can
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comprise multiple associated polypeptide chains (e g, as a polyvpeptide dimer linked through a
F¢ portion or other dimerization domain). In some embodiments, each polypeptide chainina
SPINKY polypeptide comprises a mutant SPINK9 domain,

A “therapeutically effective amount” or a “therapeutically effective dose” of a drug or
agent is an amount of a drug or an agent that, when administered to a subject will have the
mtended therapeutic effect. The full therapeutic effect does not necessarily occur by
administration of one dose, and may occur only after administration of a series of doses. Thus, a
therapeutically effective amount may be adrmnistered 1n one or more administrations. The
precise effective amount needed for a subject will depend upon, for example, the subject’s size,
health and age, and the nature and extent of the condition being treated. The skilled worker can
readily determine the effective amount for a given situation by routine experimentation.

The terms “treat”, “treating”, and “treatment” as well understood m the art, refer to taking
steps to obtain beneficial or desired results, includimg chinical results. Beneficial or desired
clinical results can mclude, but are not himited to, alleviation or amelioration of one or more
symptoms or conditions, dimnishment of extent of disease, stabilized (i.e., not worsening) state
of disease, preventing spread of disease, delay or sfowing of disease progression, amelioration or
palliation of the disease state, and renussion {whether partial or total), whether detectable or
undetectable. “Treatment” can also mean prolonging survival as compared to expected survival
if not receiving treatment.

Aming acid residues may be referred to by their corresponding three letter code or by
their corresponding one letter code. The various three letter and single letter codes for the 20

commonly used amino acids are provided below.

Amino Acid 3 Letter i Letter Amino Acid 3 Letter 1 Letter
Code Code Code Code
Glycine Gly G Proline Pro P
Alanine Ala A Valine Val v
Leucine Leu L Isoleucine ile i
Methionine Met M Cysteine Cys
Phenylalanine | Phe F Tyrosine Tyr Y
Tryptophan Trp W Histidine His H
Lysine Lys K Arginine Arg R

-10-
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Glutamine Glu G Asgparagine Asn N

Glutamic Aad | Glu E Aspartic Acid | Asp D

Serine Ser S Threonme Thr T
Overview

The present disclosure provides a SPINK9 polypeptide comprising a {e.g., at least one}
mutant SPINKO domain. The SPINK? polypeptide inhibits, or otherwise attenuates, an active
KLK through interaction of the mutant SPINK9 domain with the active KLK. Said active KLK
may be any member of a family of KLKs comprising: KLK1, KLKZ KLK3, KLE4, KLKS,
KELKG, KLK7, KLKE, KLKS KLKI1¢, KLE1, KLKI1Z, KLK13, KLK 14, KLK13, or any
combination thereof. In some embodiments, the SPINKY polypeptide inhibits the activity of any
one of KLES, KLK7, KLK14, or any combination thereof. In some embodiments, the SPINK®S
polypeptide mhibits the activity of KLES.

In some embodiments, a SPINK® polypeptide s a selective inhibitor of an active KLK
{e.g., a selective inhibitor of KLKS). The term “selective inhubitor” as used heren does not Limit
the inhibition to only a targeted KLK {e.g., KLKS} and a selective inhibitor may also imnhibit the
activity of additional KLK family members, or serine proteases, provided that the activity of the
target KLK {(e.g., KLK3) is inhibited to a greater degree {e.g., for example at least 20% or more
such as 30%, 40%, 50%, 60%, 70%, 8%, 90%, or 95% or more} as compared to the activity of
another KLK family member of other sering protease.

In a preferred embodiment, a SPINK? polypeptide inhibits KLKS and KLK 14, In another
preferred embodiment, a SPINKSY polypeptide is a selective inhibitor of KLKS and KLK14.

In a preferred embodiment, a SPINK9 polvpeptide inhibits KLKS. In another preferred

embodiment, a SPINK9 polypeptide is a selective inhibitor of KLKS.

Mutant SPINKS Domains

A mutant SPINKY domain may comprise all or a portion of the wild-type SPINKS
sequence of SEQ 1D NO: 1 {which includes the signal peptide)} or ali or a portion of the wild-
type SPINKY sequence of SEQ [D NO: 2 (which excludes the signal sequence). In a preferred
embodiment, the mutant SPINK9 domain comprise all or a portion of the wild-type SPINK® of

SEQ ID NO: 2.
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MRATAIVLLLALTLATMFSIECAKQTKOMYVDCSHYKKLPPGOQQRFCHHMYDPICGSDG
KTYKNDCFFCSKVEKTDGTLKEVHFGKC (SEQ IDNG: 1
ECAKQTKOMVDCSHYKKLPPGQORFCHHMYDPICGSDGKTYRNDCFFCSKVEKTDRGT
LEKFVHFGKC (SEQ ID NO: 2)

In some embodiments, a mutant SPINK® domain, or a biclogically active
fragment thereof, shares 50%, 35%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NOS: 1 or 2. In certain
embodiments, a mutant SPINK S domain, or a biologically active fragment thereof, shares 70%
or greater {1.e., 75%, 80%, 85%, 90%, or 95% or greater) sequence wentity to SEQ ID NOS: 1 or
2. In a preferred embodiment, a mutant SPINK® domain, or a biologically active fragment
thereof, shares 50%, 33%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 91%, 92%, 93%, 94%, 93%,
96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NO: 2. In another preferred
embodiment, a mutant SPINK9 domain, or a biclogically active fragment thereof, 70% or greater
{1.e., 75%, §0%, 85%, 90%, or 95% or greater) sequence identity to SEQ ID NG: 2.

A mutant SPINK9 domain may comprise one or more aming acid changes relative to
SEQ 1D NOS: T or 2. In certain embodiments, a mutant SPINKS domain comprises from 1-20,
1-15, 1-10, 1-8, 1-7, 1-6, 1-5, 1-4, 1-3, 2, or 1 amino acid changes as compared to SEQ 1D NOS:
1 or 2. In certain embodiments, a mutant SPINKS domain comprises from 2-7, 3-7, 4-7, 5-7, 6-7,
or 7 amine acid changes relative to SEQ ID NOS: 1 or 2. In certain embodiments, a mutant
SPINK9 domain comprises from 2-15,{1e,2,3,4,5,6,7, &, 9,10, 11, 12, 13, 14, or 15) amno
acid changes refative to SEQ 1D NOS: 1 or 2. Preferably a mutant SPINKS domain comprises
more than 1 and less than 20 (e.g., 2-7 or 2-15} amino acid changes relative to SEQ ID NOS: 1
or 2.

In some embodiments, at least one of the one or more amino acid changes in the mutant
SPINKO domain occur at or within aming acid positions 40 to 53 of SEQ 13 NO: 1 or positions
21-34 of SEG ID NO: 2. Preferably, at least one of the one or more amino acid changes in the
mutant SPINKY domain occur at or within amino acid positions 21-34 of SEQ ID NQO: 2. The
referenced amino acid positions coniain the reactive PU/P1 active site of SPINK®S.

In some embodiments, at least one of the one or more amino acid changes in the mutant
SPINKY domain is a substitution or a deletion of one or more contiguous aming acids at or

within positions 20-28 of SEQ ID NO: 1 and at least one of the one or more amino acid changes
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in the mutant SPINK9 domain is a substitution occurring at or within positions 40 to 53 of SEQ
1D NO: 1. In some embodiments, at least one of the one or more amino acid changes in the
mutant SPINKO domain is a substitution or a deletion of one or more contiguous amino acids at
or within positions 1-9 of SEQ D NO: 2 and at least one of the one or more amino acid changes
in the mutant SPINK9 domain is a substitution occurring at or within posttions 21-34 of SEQ ID
NO: 2. Preferably, at least one of the one or more amino acid changes in the mutant SPINKS
domain is a substitution or a deletion of one or more condiguous amino acids at positions 1-9 of
SEQ 1D NO: 2 and at {east one of the one or more amino acid changes in the mutant SPINK9S
domain s a substitution occurring at or within 21-34 of SEQ ID NG: 2.

In some embodiments, at least one of the one or more amino acid changes in the mutant
SPINKS domain 1s a substitution or a deletion of one or more contiguous amino acids at or
within positions 20-24 of SEQ ID NO: 1 and at least one of the one or more anmuno acid changes
in the mutant SPINKS domain ts a substitution occurring at or within positions 40 to 53 of SEQ
ID NO: 1. In some embodiments, at least one of the one or more amino acid changes in the
mutant SPINKO domain 1s a substitetion or a deletion of one or more contiguous amine acids at
or within positions 1-5 of SEQ ID NO: 2 and at least one of the one or more amino acid changes
m the mutant SPINKS domain is a substitution occurring at or within positions 21-34 of SEQ 1D
NG: 2. Preferably, at least one of the one or more amino acid changes in the nutant SPINK9
domain is a sebstitution or a deletion of one or more contiguous amino acids at or within
positions 1-5 of SEQ ID NO: 2 and at least one of the one or more amino acid changes in the
mutant SPINKS domain 1s a substitution occurring at or within 21-34 of SEQ 1D NOG: 2.

In some embodiments, at least 50% or more {e.g., 55%, 60%, 63%, 70%, 75%, 80%,
85%, 90%, or 95%) of the one or more amino acid changes 1n the mutant SPINK9 domain ocour
ai or within amino acid positions 40 to 53 of SEQ D NO: 1 or postiions 21-34 of SEQ D NO: 2,
Preferably, at least 50% or more {e.g., 55%, 60%, 63%, 70%, 75%, 80%, 85%, 90%, or 95%) of
the one or more amino acid changes in the mutant SPINK® domain occur at or within anino acid
positions 21-34 of SEQ ID NO: 2.

In one embodiment, the mutant SPINKY domain comprises a sequence that shares 50%,
38%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%6, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% sequence identity to amino acid positions 1-20 and 35-67 of SEQ 1D NG: 2 and

contains at least one amino acid change (e.g., an amino acid substitution) at postitons 21-34, of
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SEQ I NO: 2. In a preferred embodiment, the sequence identity to amino acid positions 1-20
and 35-67 of SEQ ID NO: 2 is at least 70% (i.e.. T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94545, 95%6, 96%, 97%, 98%, 99% or 100%).

In one embodiment, the mutant SPINK9 polypeptide comprises at least one
mutant SPINKO domain, wherein said at least one mutant SPINKS domain comprises an aming
acid sequence that shares at least 70% sequence identity with amino acids 1-20 and 35-67 set
forth in SEQ 1D NQ: 2; wherein the mutant SPINKS domain further comprises at least one
aminoe acid substitution at positions 21-34 of SEGQ D NO: 2.

To one embodiment, the mutant SPINK9 polypeptide comprises, in an N-terminus to C-
terminus order, a first amino acid sequence corresponding to amino acids 1-20 of SEQ 1D NO: 2,
a second amino acid sequence corresponding to amuno acids 21-34 of SEQ 1D NO: 2, and a third
anmino acid sequence corresponding to amino acids 35-67 of SEQ 1D NG: 2.

o a first aspect of such an embodunent: (1) the first amino acd sequence shares at least
70% sequence identity to anuno acids 1-20 of SEQ 1D NO: 2; (1) the second amino acid
sequence comprises at least one amino acid substitution relative to amino acids 21-34 of SEQ ID
NG 2; and (1) the third amino acid sequence shares at least 70% sequence 1dentity to amino
acids 35-67 of SEQ 1D NO: 2 and optionally comprises an amino acid change (s.e., an amino
acid substitution) at position 43,

In a second aspect of such embodiment,: (i) the first amino acid sequence optionally
contains the aming acids at posttions 1, 2, 3,4, 5, 6,7, 8, or 9 of SEQ ID NG 2; (1) the second
amino acid sequence comprises at least one amino acid change {e.g., an amino acid substitution)
relative to positions 21-34 of SEQ 12 NO: 2; and (111} the third amino acid sequence shares at
least 70% (i.c., T0%, 75%, 80%, 83%, 90%, 91%%, 92%, 93%, 94%, 95%, 96%, O7%, 98%, 99%
or 100%;) sequence identity to SEQ ID NO: 2 and optionally comprises an amino acid change
{1.e, an amino acid substitution) at postiion 43.

In a third aspect of such embodiment: (i} the first amine acid sequence optionally
contains the amino acids at positions 1, 2, or 3 of SEQ ID NO: 2; (i) the second amino acid
sequence comprises at least one amino acid change {e.g., an amino acid substitution) at positions
21-34 of SEQ 1D NO: 2; and (u11) the third amino acid sequence shares at least 70% (7.e., 70%,

75%, 80%, 85%, 90%, 91%, 92%, 93%, 4%, 95%, 96%, 97%, 98%%, 99% or 100%) sequence
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identity to SEGQ D NO: 2 and optionally comprises an aming acid change {i.e., an amino acid
substitution} at position 43,

In a fourth aspect of such embodiment: (1) the first amino acid sequence comprises a
conservative amino acid substitution at any one of the positions 1,2, 3, 4,5, 6,7, 8, or 9 of SEQ
1D NO: 2 and optionally shares at least 70% sequence identity to amino acids 10-20 of SEQ 1D
NO: Z; (i1} the second amino acid sequence comprises at least one amino acid change {(e.g., an
amino acid substitution) at positions 21-34 of SEQ 1D NO: 2; and (1) the third amino acid
sequence shares at least 70% (7.e.,70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100%;) sequence wlentity to SEQ ID NO: 2 and optionally comprises an
amino acid change (1.e., an amino acid substitution) at position 43,

o a fifth aspect of such embodiment: (1) the first amino acid sequence comprises a
conservative amino acid substitution at any one of the positions 1, 2, or 3 of SEQ ID NO: 2 and
optionally shares at least 70% sequence identity to anmuno acids 4-20 of SEQ 1D NG: 2; (1) the
second armmo acid sequence comprises at least one amino acid change {e.g., an amino acid
substitution} at positions 21-34 of SEQ ID NO: 2; and {(in1) the third amino acid sequence shares
at least 70% (i.e.,70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100%) sequence identity to SEC I NO: 2 and optionally comprises an amino acid
change (1., an amino acid substitution) at position 43.

In a sixth aspect of such embodiment: (1} the first amuno acid sequence comprises a
deletion of at least 1, 2, or 3 amine acids at positions 1, 2, or 3 of SECQ ID NO: 2 and optionally
shares at least 70% sequence identity to amino acids 4-20 of SEQ ID NO: 2; (11} the second
amino acid sequence comprises at least one amino acid change {e.g., an amino acid substitution}
at positions 21-34 of SEQ 1D NG: 2; and (1n1) the third amino acid sequence shares at least 70%
{(i.e., TO%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%:}
sequence identity to SEQ ID NO: 2 and optionally comprises an amino acid change (ie, an
amino acid substitution) at position 43,

In a seventh aspect of such embodiment: (1) the first amino acid sequence comprises a
deletion of the amino acids at positions 1, 2, and 3 of SEQ ID NO: 2 and optionally shares at
feast 70% sequence identity to amino acids 4-20 of SEQ 1D NG: 2; (i1) the second amino acid
sequence comprises at least one amino acid change {2.g., an amino acid substitution} at positions

21-34 of SEQ 1D NO: Z; and {11} the sequence shares at least 70% (7.e., 70%, 75%, 80%, 85%,
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90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) sequence dentity to SEQ ID
NO: 2 and optionally comprises an amino acid change {(i.e, an amino acid substitution) at
position 43,

In any one of the first to seventh aspects above, the second amimo acid sequence
comprises 1,2,3,4, 5 6,7 8,9, or 10 anmino acid changes {e.g., an amino acid substitution) at
positions 21-34 of SEGQ ID NO: 2.

In any one of the first to seventh aspects above, the second amino acid sequence
comprises 1,2, 3,4, 5,6, or 7 amino acid changes {e.g., an anino acid substitution) at positions
21-34 of SEQ ID NG: 2.

In any one of the first to seventh aspects above, the second amino acid sequence
comprises 1, 2,3, 4, 5, 6, or 7 amino acid changes {e.g., an ammno acid substitution) at positions
22,24, 25 26, 28,29, and 30 of SEQ ID NO: 2 and optionally one or more amino acid changes
{e.g., an amino acid substitution) at positions 21, 23, 27, 31, 32, 33, and 34 of SEQ ID NG 2.

In any one of the first to seventh aspects above, the second amino acid sequence
comprises at least one amino acid change {e.g., 1,2, 3, 4, §, 6, or 7} at posttions 22, 24, 25, 26,
28, 29, and 30 of SEQ 1D NO: 2. For example, the second amine acid sequence may contain an
amino acid change at only one position (e.g., position 28}, at only 2 positions {e.g., positions 28
and 29}, at only 3 positions {e.g., positions Z8, 29 and 30}, at only 4 positions {e.g., posttions 25,
28, 29 and 30}, at only 5 posttions {e.g., positions 235, 26, 28, 29 and 30}, at only 6 postiions {e.g.,
positions 22, 25, 26, 28, 29 and 30), or at all 7 positions (e.g., positions 22, 24, 25, 26, 28, 29 and
30).

In any one of the first to seventh aspects above, the second aming acid sequence
compnises 1,2, 3,4, 5, 6, or 7 amino acid changes (e.g., an amino acid substitution) at positions
22,24, 25,206, 28,29, and 30 of SEQ D NO: 2 and: {1} the amino acid at position 22 is selected
from Gly, Glu, Met, Gln, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His; {11} the amino acid at
position 24 13 selected from Gin, Glu, Thr, Val, Leu, Ala, lle, Phe, Ser, or Tyr; {811} the amino
acid at position 25 is selected from Arg, Ley, fle, His, Glu, Trp, Ser, Ala, Val, Tyr, Asp, or Met;
{iv} the amino acid at position 26 is selected from Phe, Tyr, Trp, Met, His, Lys, or Asn; (v} the
amine acid at position 28 is selected from His, Thy, Ser, or Gly; (vi) the amino acid at position 29
1s selected from His, Arg, or Lys; {vil} the amino acid at position 30 is selected from Met, Glu, or

Asp; or {vuii} any combination thereof.
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In any one of the first to seventh aspects above, the second amino acid sequence
comprises 1,2, 3,4, 5, 6, or 7 amino acid substitutions at positions 22, 24, 25, 26, 28, 29, and 30
of SEQ ID NO: 2 and the second amino acid sequence comprises a substitution of: {1} Glu, Met,
Gin, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His amino acid for the amino acid relative to position
22 of SEQ 1D NG: 2 or the amino acid at position 22 of SEQ 1D NO: 2 15 Gly; (1) Gly, Thr, Val,
Leu, Ala, Hle, Phe, Ser, or Tyr amino acid for the amino acid relative to position 24 of SEQ ID
NG: 2 or the amino acid at position 24 of SEQ 1D NO: 2 1s Gin; (111) Ley, e, His, Glu, Trp, Ser,
Ala, Val, Tyr, Asp, or Met amino acid for the amino acid relative to position 25 of SEQ 1D NG:
2 or the amino acid at position 28 of SEQ 1D NO: 2 15 Arg; (iv) Tyr, Trp, Met, His, Lys, or Asn
amino acid for the amino acid relative to position 26 of SEQ ID NO: 2 or the ammo acid at
posttion 26 of SEQ 1D NG: 2 is Phe; (v Thr, Ser, or Gly anuno acid for the amuno aad relative
to position 28 of SEQ ID NO: 2 or the amino acid at position 28 of SEQ 1D NO: 2 15 His; (vi}
Arg or Lys amuno acid for the amino acid relative to position 29 of SEQ ID NO: 2 or the amino
acid at position 29 of SEQ 1D NG: 2 is His;; (vit) Glu or Asp amino acid for the amino acid
relative to position 30 of SEQ 1D NG: 2 or the amino acid at position 30 of SEQ ID NO: 215
Met; or {viit) any combination thereof.

In any one of the first to seventh aspects above, the second amimo acid sequence
comprises 1, 2, 3, 4, 5, 6, or 7 amino acid changes {e.g., an amino acid substitution) at positions
22,24, 25,26, 28, 29, and 30 of SEQ 1D NQ: 2 and: (1) the amino acid at position 22 18 selected
from Gly, Glu, Met, Gln, Ala, Ley, Val, Asp, Asn, Ser, Lys, or His; (11} the amino acid at
acid at position 23 is selected from Arg, Leu, Hlg, His, Glu, Trp, Ser, Ala, Val, Tyr, Asp, or Met;
{1v} the amino acid at position 26 1s selected from Phe, Tyr, Trp, Met, His, Lys, or Asn; (V) the
amino acids at positions 28-30 are selected from Thr-Arg-Glu; Thr-Arg-Asp; Thr-Lys-Ghy;, Thr-
Lys-Asp; Ser-Arg-Gly; or Gly-Arg-Asp, or (vi) any combination thereof.

In any one of the first to seventh aspects above, the second amine acid sequence
comprises 1,2, 3,4, 5, 6, or 7 amino acid substitutions at positions 22, 24, 25, 26, 28, 29, and 30
of SEQ 1D NO: 2 and the second amino acid sequence comprises a substitution of: {1} Glu, Met,
Gin, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His amino acid for the amino acid relative to position
22 of SEQ 1D NO: 2 or the anuno acid at position 22 of SEQ 1D NO: 2 15 Gly; (1) Glu, Thr, Val,

Leu, Ala, He, Phe, Ser, or Tyr amuno acid for the amino acid relative to position 24 of SEQ ID
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NG: 2 or the amino acid at position 24 of SEQ 1D NO: 2 15 Gin; (111) Ley, e, His, Glu, Trp, Ser,
Ala, Val, Tyr, Asp, or Met amino acid for the amino acid relative to position 25 of SEGQ ID NO:
2 or the amino acid at position 25 of SEQ 1D NO: 2 15 Arg; (iv) Tyr, Trp, Met, His, Lys, or Asn
amuine acid for the amine acid relative to position 26 of SEQ 1D NO: 2 or the amino acid at
position 26 of SEQ ID NO: 2 18 Phe; (v) Thr-Arg-Gly; Thr-Arg-Asp; Thr-Lys-Glu; Thr-Lys-Asp;
Ser-Arg-Glu; or Gly-Arg-Asp amino acids for the amino acids relative to positions 28-30 of SEQ
1D NG: 2; or {vi) any combination thereof.

In any one of the first to seventh aspects above, the second amino acid sequence
comprises 1, 2,3, 4, 5, 6, or 7 amino acid changes {e.g., an amwno acid substitution) at positions
22,24, 25,26, 28,29, and 30 of SEQ 1D NO: 2 and: () the anuno acid at position 22 s selected
from Gly, Glu, or Met; (1) the amino acid at position 24 5 selected from Gln, Glu, or Thr; (1)
the amino acid at position 25 1s selected from Leu, He, His, Glu, or Trp; (iv) the amino acid at
position 26 1s selected from Phe, Tyr, or Trp; (v} the amino acid at position 28 13 selected from
Thr, Ser, or Gly; (v1) the amino acid at position 29 is selected from Arg, or Lys; {vii} the amno
acid at position 30 1s selected from Glu, or Asp; or (viti} any combination thereof.

In any one of the first to seventh aspects above, the second amine acid sequence
comprises 1,2, 3,4, 5, 6, or 7 amino actd substitutions at positions 22, 24, 25, 26, 28, 29, and 30
of SEQ 1D NO: 2 and the second amino acid sequence comprises a substitution of: {1} Glu or Met
amino acid for the amno acid relative to position 22 of SEQ 1D NO: 2 or the ammno acid at
position 22 of SEQ ID NO: 2 15 Gly; 11y Glu or Thr amino acid for the amino acid relative to
position 24 of SEQ 1 NO: Z or the aming acid at position 24 of SEQ ID NO: 2 13 Gin; (in) Ley,
tle, His, Glu or Trp amino acid for the amino acid relative to position 25 of SEQ 1D NO: 2 or the
amino acid at position 25 of SEQ 1D NO: 2 15 Arg; (1v) Tyr or Trp amine acid for the amino acid
relative to position 26 of SEQ ID NO: 2 or the amino acid at position 26 of SEQ ID NO: 2 15
Phe; (v Thr, Ser, or Gly aming acid for the amino acid relative to position 28 of SEQ 1D NO: 2
or the amino acid at position 28 of SEQ 1D NG: 2 13 His; (vi) Arg or Lys anuno acid for the
amino acid relative to position 29 of SEQ 1D NO: 2 or the amino acid at position 29 of SEQ {D
NG: 2 1s His;; (vity Glu or Asp amino acid for the amino acid relative to position 30 of SEQ 1D
NO: 2 or the amino acid at position 30 of SEQ ID NG: 2 is Met; or {viii} any combination

thereof
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In any one of the first to seventh aspects above, the second amino acid sequence
comprises 1,2, 3,4, 5, 6, or 7 amino acid changes {e.g., an amino acid substitution) at positions
22,24, 25 26, 28,29, and 30 of SEQ ID NG: 2 and: (1) the amino acid at position 22 is selected
from Gly, Glu, or Met; (it} the amino acid at position 24 is selected from Gin, Glu, or Thr; (111}
the amino acid at position 25 1is selected from Leu, Hle, His, Glu, or Trp; (v} the amino acid at
position 26 is selected from Phe, Tyr, or Trp; (v) the amino acids at positions 28-30 are selected
from Thr-Are-Glu; Thr-Arg-Asp; Thr-Lys-Glu; Thr-Lys-Asp; Ser-Arg-Glu; or Gly-Arg-Asp; or
{vi} any combination thereof

Tn any one of the first to seventh aspects above, the second amino acid sequence
comprises 1, 2,3, 4, S, 6, or 7 amino acid substitutions at positions 22, 24, 25, 26, 28, 29, and 30
of SEQ ID NO: 2 and the second ammo acid sequence coraprises a substitution of: (1) Glu or Met
anuno acid for the amuno acid relative to position 22 of SEQ ID NO: 2 or the amimo acid at
position 22 of SEQ D NG: 2 18 Gly; (11) Glu or Thr amino acid for the amino acid relative to
position 24 of SEQ ID NO: 2 or the amino acid at position 24 of SEQ 1D NG: 2 18 Gl (1) Leuy,
Tle, His, Glu or Trp anuno acid for the aming acid relative to position 25 of SEQ 1D NO: 2 or the
amino acid at position 25 of SEQ 1D NG 21 Arg; (iv) Tyr or Trp amino acid for the amino acid
relative to postiton 26 of SEQ 1D NO: 2 or the aming acid at position 26 of SEQ ID Nk 215
Phe; (v} Thr-Arg-Glu, Thr-Arg-Asp; Thr-Lys-Glu, Thr-Lys-Asp; Ser-Arg-Glu; or Gly-Arg-Asp
amino acids for the amuino acids relative to positions 28-30 of SEQ ID N 2; or (vi) any
combimation thereof.

In any one of the first to seventh aspects above, the optional amino acid change at
position 43 of the third amino acid sequence is an amine acid substitution. In any one of the first
to seventh aspects above, the third amino acid sequence comprises a substitution of a Gly amino
acid for the amino acid relative to position 43 of SEQ 1D NO: 2.

In any one of the first to seventh aspects above, at least one of the amino acid changes in
SEQ 1D NOG: 2 15 an anuno acid substitution. 1n any one of the first to seventh aspects above, the
amine acid change in SEQ 12 NO: Z is an amino acid substitution.

In some embodiments a mutant SPINKS domain comprises, consists of, or consists
essentially of an amine acid sequence represented by Formula [ (SEQ 1D NQO: 3), provided that
the amino acid sequence represented by Formula T does not correspond to a wild-type sequence

of SPINKS (i.e., SEQ D NOS: 1 or 2},
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Hie Ghu Cys Ala Lys Gin Thr Lys Gin Met Val Asp Cys Ser His Tyr Lys Lys Leu Pro Pro X Gin
Xz Xy Xa Cys Xs Xo X7 Tyr Asp Pro He Cys Gly Ser Asp Gly Lys Thr Tyr X5 Asn Asp Cys Phe
Phe Cys Ser Lys Val Lys Lys Thr Asp Gly Thr Leu Lys Phe Val His Phe Gly Lys Cys (Formula
1, SEQ ID NO: 3).

In some embodiments a mutant SPINKS domain comprises, consists of, or consists
essentially of an amino acid sequence represented by Formula HI (SEQ 1D NO: 1335), provided
that the amino acid sequence represented by Formula 1 does not correspond to a wild-type
sequence of SPINKS (i.e., SEQGID NOS: 1 or 2}

Ko Xao X X Xz X Xis Xis X7 Met Val Asp Cys Ser His Tyr Lys Lys Leu Pro Pro X1 Gin
Xz Xs Xa Cys Xs Xe X7 Tyr Asp Pro He Cys Gly Ser Asp Gly Lys Thr Tyr Xs Asn Asp Cys Phe
Phe Cys Ser Lys Val Lys Lys Thr Asp Gly Thr Leu Lys Phe Val His Phe Gly Lys Cys (Formula
I, SEQ ID NO: 135}

In some embodiments a mutant SPINKS domain comprises, consists of, or consists
essertially of an aminoe acid sequence represented by Formula IV (SEQ ID NG: 136), provided
that the amino acid sequence represented by Formula IV does not correspond to a wild-type
sequence of SPINKS {(ie., SEQGID NOS: 1 or 2},

Ky X Xir Ala Lys Gln Thr Lys Gln Met Val Asp Cys Ser His Tyr Lys Lys Leu Pro Pro Xi Gin

X2 X3 Xa Cys Xs Xe X7 Tyr Asp Pro He Cys Gly Ser Asp Gly Lys Thr Tyr Xs Asn Asp Cys Phe

Phe Cys Ser Lys Val Lys Lys Thr Asp Gly Thr Leu Lys Phe Val His Phe Gly Lys Cys (Formula
I; SEQ ID NO: 136}

In a preferred embodiment, 3 mutant SPINKS domain comprises, consists of, or consists
essentially of an amino acid sequence represented by Formula I, Formula I, or Formula IV

wherein Xi-x17 are as indicated in Tables 1 or 2 herein.

Table 1- Represeniative Aming Acid Substifutions for X~y of Formula §, Formula Hi, or
Formula IV

Position Amino Acid Substitution
X3 Gly, Glu, Met, Gln, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His
X1 Gly, Glu, or Met
X Gin, Glo, Thr, Val, Leu, Ala, lle, Phe, Ser, or Tyr
X2 Gin, Glu, or Thr
X3 Arg, Leu, He, His, Gluy, Trp, Ser, Ala, Val, Tyr, Asp, or Met
X3 Arg, Leu, He, His, Glu, or Trp
X4 Phe, Tyr, Trp, Met, His, Lys, or Asn
X4 Phe, Tyr, or Tip
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Xs His, Thr, Ser, or Gly
X3 His or Thr

X5 Hig, Arg or Lys
Xe His or Arg

X7 Met, Glu or Asp
X Met or Glu

Xs Lys or Gly

X Absent or {le
Xio Absent or Glu
Xn Absent or Cys
X1 Absent or Ala
X3 Absent or Lys
X4 Absent or Gin
Xis Absent or Thr
X6 Absent or Lys
X7 Absent or Gin

Fable 2- Representative Amino Acid Substitutions for X;-X7 and Xyo-Xy7 of Formulda §,
Formula Hi, or Formula IV

Position Amino Acid Substitution
X Giu, Met, Gin, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His
X3 Glu or Met
X Gy, Thr, Val, Leu, Ala, Ile, Phe, Ser, or Tvr
X Glu or Thr
X3 Ley, He, His, Glu, Trp, Ser, Ala, Val, Tyr, Asp, or Met
X3 Ley, He, His, Glu, or Trp
X4 Tyr, Trp, Met, His, Lys, or Asn
X4 Tyr or Trp
X5 Thr, Ser, or Gly
Xs Thr
Xs Arg or Lys
X5 Arg
X7 Glu or Asp
X7 ilg
Xs Lys
Xs Oy
Xy Absent
Xio Absent
Xn Absent
X1 Ala
Xi3 Lys
X4 Gin
Xis Thr
Xis Lys
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| Xu7 | Gin

In another embodiment a mutant SPINK9 domain comprises, consists of, or consists
essentially of an amino acid sequence represented by Formula |, Formula 11, or Formula IV

wherein X1-X17 are as indicated in Tables 3 or 4 herein.

Table 3- Representative Amino Acid Substitutions for Xq-x17 of Formula I, Formula I, or
Formula IV

Position Amine Acid Substitution
X Gly, Glu, Met, Gin, Ala, Ley, Val, Asp, Asn, Ser, Lys, or His
X Gly, Glo, or Met
X Gin, Glu, Thr, Val, Leu, Ala, e Phe, Ser, or Tyr
X2 Gln, Gly, or Thr
X3 Arg, Leu, Ue His, Glu, Trp, Ser, Ala, Val, Tyr, Asp, or Met
X3 Arg, Leu, He His, Glu, or Trp
X4 Phe, Tyr, Trp, Met, His, Lys, or Asn
X4 Phe, Tyr, or Trp
) €. Thr-Arg-Glu; Thr-Arg-Asp; Thr-Lys-Glu; Thr-Lys-Asp; Ser-Arg-Glu; or Gly-
Arg-Asp.
Xa Lvs or Gly
Xe Absent or lle
X Absent or Giu
Xii Absent or Cys
X2 Absent or Ala
X33 Absent or Lys
Xa4q Absent or Gin
Xis Absent or Thr
Xis Absent or Lys
X7 Absent or Gin

Table 4- Representative Amino Acid Substitutions for X-xi7 and Xie-Xyr of Formula §,
Formula i, or Formula IV

Position Amino Acid Substitution
X Giu, Met, Gin, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His
X3 Glu or Met
X Glu, Thr, Val, Leu, Ala, Ile, Phe, Ser, or Tyr
X Glu or Thr
X3 Leu, He, His, Glu, Trp, Ser, Ala, Val, Tyr, Asp, or Met
X Ley, He, His, Glu, or Trp
X4 Tyr, Trp, Met, His, Lys, or Asn
X4 Tyr or Trp
XX Thr-Arg-Glu; The-Arg-Asp; Thr-Lys-Glu; Thr-Lys-Asp; Ser-Arg-Glu; or Gly-

Arg-Asp.
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Xs Lys
Xg Gly
X5 Absent
Xio Absent
Xii Absent
X Ala
13 Lys
Xi4 Gin
Xis Thr
Xis Lys
X7 (in

In certain preferred embodiments, a mutant SPINKYS domain comprises, consists of, or
consists essentially of an amino acid sequence selected from the group consisting of SEQ ID

NOS: 4-23 and 115-134 as shown 1o Table 5.

Table 5: Exemplary Mutant SPINKY domains
Spiak®-30 (SEQ 1D ECAKQTKOM VDCSHYKKLP PEQVSWCTRE YDPICGSDGK TYRNDCFFCS
NO: 4 KVEKTDGTLE FVHFGKC
Spink?-112,K62G ECAKQTKOM VDCSHYKKLP PEQELYCTRE YDPICGSDGK TYGNDCFFCS
(SEQ B NG: 5) KVEKTDRGTLE FYVHEGKC
Spink5-183 IECAKQTEOM VDCSHYKKLE POQRGAYCTRED YDPICGSDGK TYKNDCFFCS
(SEQ D NO:. 63 KVEKTDGTLE FVHFGKC
Spink¥-186 IECAKQTEOM VDCSHYKKLE PAGLIYCTKE YDPICGSDGK TYENDCFFCS
SEQIBNO T KVEKTDGTLE FVHFGKC
SpinkS-189 IECAKQTEOM VDCSHYKKLE PGOEHFCTRE FDPICGSDGK TYRNDCFFCS
(SEQID NO: 8) KVKETDGTLK FVHFGRC
Spink9-236 IECAKQTEKOM VDOSHYKKLP PEQOLMCTRE YDPICGSDGK TYKNDCFFCS
{SEQ ID NO: 9) KVKEKTDGTLK FVHFGEC
Spink9-112 IECAKQTKOM VDCSHYKKLP PEQELYCTRE YDPICGSDGK TYKNDCFFCS
{(SEQ ID NG 1)) KVKKTDGTLK FYHFGEC
Spinkd-194 BECAKQTKOM VDCSHYKELP PMOQTEWCTKE YDPICGSDGK TYKNDCFFCS
{(REQID NGO 1D KVKKTDGTLK FYHFGKC
Spink9-245 ECAKQTKOM VDCSHYKELP PNQTVYCTRE YOPICGSDGK TYRKNDCFFCS
(SEQ ID NG 12) KVKKTDGTLK FVHFGKC
Sprak?-28 IECARKQTKOM VDCSHYKELP PLOEWYCTKD YDIPICGSDGK TYKNDCFFCS
(SEQ ID NO: 13) KVEKTDGTLE FVHFGKC
Spinkd-23 IECAKQTKOM VDCSHYKELP PVQELYCTRE YDPICGSDGK TYKNDCEFFCS
(SEQ ID NG: 14) KVEKTDGTLK FVHFGKC
Spink?-73 ECAKQTKOM VDCSHYKKLP PMOAYHCTRE YDPICGSDGK TYKNDCFFCS
(SEQ B NG: 15) KVEKTDGTLE FVHFGKC
Spink%-2311 IECAKQTEOM VDCSHYKKLE PGREDFCTRE YDPICGSDGK TYKNDCFFCS
(SEQ D NG 16) KVEKTDGTLE FVHFGKC
Spink9-212 IECAKQTEOM VDCSHYKKLE PGRILYCGRD YDPICGSDGK TYKNDCFFCS
(SEQID NG I KVKKTDGTLK FVHFGKC
SpinkS-237 IECAKQTEOQM VDCSHYKKLE PEQEWYCSRE YDPICGSDGK TYENDCFECS
(SEQ ID NO: 18) KVKKTDGTLK FVHFGEC
Spinks-3 IECAKQTEOM VDCSHYKKLP PDOFMECTRE YDPICGSDGK TYKNDCFFCS
{(SEQ ID NG 1D KVKEKTDGTLK FVHFGERC
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Spiak®-162 BECAKQTKOM VDCSHYKELP PNQTEFCSRE YRPICGSDGK TYKNDCFFCS
(SEQ ID NG: 20) KVKKTDGTLK FVHFGKC

Spink®-193 ECAKQTKOM VDCSHYKKLP PSQEHWCTRE YDPICGSDGK TYKNDCFFCS
(SEQ ID NO: 21) KVEKTDGTLE FVHFGKC

Spink®-202 IECAKQTKOM VDCSHYKKLP PKOQSEYCTRE YDPICGSDGK TYENDCEFCS
(SEQ D NO: 22) KVEKTDGTLE FVHEGKC

Spink%-74 IECAKQTEOQM VDCSHYKKLP PHQYINCTRE YDPICGSDGK TYKNDCFFCS
(SEQ ID NOJ: 23} KVEKTDGTLE FVHEGKC

Spink9-30A (SEQ ID | AKQTKOM VDCSHYKKLP PEQVSWCTRE YDPICGSDGK TYKNDCEFCS
NO: 115 KVEKKTDGTLE FVHFGKC

Spinkd-112.K62GA | AKQTKOM VRCSHYKKLE PEQELYCTRE YDPICGSDGK TYGNDCFFCS
(SEQ ID NQ: 116) KVKKTDGTLK FVHFGEC

SpinkS-1834 AKQTEOM VDCSHYKKLP POQOAYCTRD YRPICGSDGK TYKNDCEFCS
(SEQIDNO: 117) KVKETDGTLK FVHFGEC

Spinkd-186A ARQTKOM VDCSHYKKLP PAQLIYCTKE YDPICGSDGK TYKNDCFFCS
{(SEQ ID NO: 118) KVKEKTDGTLK FVHFGEC

Spinkd-18%A ARQTKOM VDCSHYKKLP PGOQEHFCTRE FRPICGSDGK TYKNDCFFCS
{(REQ 1D NG: 119} KYKKTBGTLK FVHFGEC

SpinkY-2364 ARGTKOM VDCSHYKELP PEQOLMCTRE YDPICGSDGK TYKNDCFFCS
(SEQ ID NO: 120) KVKKTDGTLK FVHFGKC

Spiak®-31124 AKQTKOM VDCSHYKELP PEQELYCTRE YDPICGSDGK TYENDCEPCS
(SEQ ID NO: 121) KVEKTDGTLE FVHFGKC

Spinkd-1944 AKQTKOM VBCSHYKKLP PMOTEWCTKE YDPICGSDGK TYKNDCFFCS
(SEQ ID NO: 122) KVEKTDGTLE FVHFGKC

Spink®-2454 AKQTROM VDCSHYKKLE PNOQTVYCTRE YDPICGSDGK TYKNDCFFCS
(SEQ ID NO: 123) KVEKTDGTLE FVHFGKC

Spink9-20A AKQTKOM VDCSHYKKLE PLOEWYCTKD YDPICGSDGK TYRNDCFFCS
(SEQ ID N 124} KVEKTDGTLE FVHFGKC

Spink9-21A AKQTROM VDCSHYKKLE PVOELYCTRE YDPICGSDGK TYENDCEFCS
(SEQ ID NO: 125} KVKKTBGTLK FVHFGKC

Spinkd-734 AKQTEKOM VEBCSHYKKLE PMQAYHCTRE YDPICGSDGK TYRNDCFRCS
(SEQ ID NO: 126} KVKKTBDGTLK FVHFGKC

SpinkS-211A AKQTEOM VDCSHYKKLP PGQEDFCTRE YDPICGSDGK TYKNDCEFCS
(SEQ ID NQ: 127) KVKEKTBGTLK FVHFGKC

Spinkd-212A AKQTKOM VDCSHYKEKLP PGQILYCGRD YDPICGSDGK TYKNDCFFCS
{(3EQ ID NO: 128) KVKETDGTLK FVHFGEC

Spinkd-237A ARQTKOM VDCSHYKELP PEQEWYCSRE YDPICGSDGK TYKNDCFFCS
{SEQ ID NO: 129) KVKKTDGTLK FVHFGEC

Spinkd-3A ARQTKOM VDCSHYKELP PRDOFMECTRE YDPICGSDGE TYKNDCFFCS
{(SEQ ID NO: 130) KVKKTDGTLK FVHFGKC

Spiak®-1624 AKQTKOM VDCSHYKELP PNQTEFCSRE YDPICGSDGK TYKNDCFFCS
(SEQ ID NO: 131) KVEKTDGTLE FVHFGKC

Spinkd-1934 AKQTKOM VDCSBYKKLP PSQEHWCTRE YDPICGSDGK TYKNDCFFCS
(SEQ ID NO: 132) KVEXKTDGTLE FVHFGKC

Spink®-2024 AKQTROM VDCSHYKKLE PRKOSEYCTRE YDPICGSDGK TYRKNDCFFCS
(SEQ ID NO: 133) KVEKTDGTLE FVHIGKC

Spink9-74A AKQTROM VDCSHYKKLP PHOYINCTRE YOPICGSDGK TYKNDCFECS
(SEQ ID N3 134} KVEKTDGTLE FVHEGKC

In some embodiments, a mutant SPINK9 domain has a sequence disclosed herein (such
as SEQ 1D NOS; 4-23 and 115-134) further comprising 1 or more {e.g., from 1 t0 20, 1 to 15, 1

to 10, 1 to 8, or 1 to 5) conservative sequence modifications, wherein the conservative sequence
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madification(s) 1s not at amino acid corresponding to aming acid positions 41, 43, 44, 45 47, 48,
or 49 of SEQ ID NO: 1 or positions 22, 24, 23, 26, 28, 29 or 30 of SEQ ID NO: 2. In some
embodiments, a mutant SPINKS domain has a sequence disclosed herein, further comprising 1 or
more {e.g, from 1 t0 20, 1 to 15, 1 t0 10, 1 10 §, or 1 to 5) conservative sequence modifications,
wherein the conservative sequence modification(s) 18 not at amino acid corresponding 0 aming
acid positions 32, 41, 43, 44, 45, 46, 47, 48 49, 54, 65, 68, or 86 of SEQ ID NO: 1 or positions
13,22, 24, 25,27, 26, 28, 29, 30, 35, 46, 49, or 67 of SEQ ID NO: 2. As used herein, the term
“conservative sequence modifications” 15 intended to refer to anuno acid modifications that do
not significantly affect or alter the interaction of the mutant SPINKS domain and a cognate
peptide, ¢.g., a KLK protease, such as KLKS, and optionally includes natural varnations of the
aroino acid sequence of SPINKS, Such conservative substitutions nclude, but are not limited to,
anmino acid substitutions, additions {e.g., additions of amino acids to the N or C terminus of the
peptide} and deletions {e.g., deletions of amino acids from the N or C terminus of the peptide). In
one embodiment, conservative amine acid modifications are ones in which an amino acid residue
is replaced with an aminge acid residue having a similar side chain. Famulies of anuno acid
residues having similar side chains have been defined in the art. These families include amino
acids with basic side chains {e.g., lysing, argimine, histidine), acidic side chains {e.g., aspartic
acid and glutamic acid),neutral side chains (e.g., cysteine, serine, and threonine, asparagine, and
glutamine}, alkyValiphatic side chains {e.g., glycine, alanine, valine, methionine, leucine and
isoleucing), and aromatic side chains {e.g., tyrosing, phenylalaning, and tryptophan}. Thus, in
certain embodiments, one or more amino acid residues of the peptides described herein can be
replaced with other amino acid residues from the same side chain family and the altered peptide
can be tested for retention of target binding/mhibition using methods known i the art.
Modifications can be introduced by standard technigues known in the art, such as site-directed

mutagenesis and PCR-mediated mutagenesis.

SPINKSG Polypeptides

The present disclosure provides a SPINK9 polypeptide comprising a {e.g., at least one}
mutant SPINKS domain. In some embodiments, a SPINK® polypeptide comprises a mutant
SPINKO domain and an {e.g., at least one} additional domain. Any SPINKO polyvpeptide
described herein may be provided as a pharmaceutically acceptable salt. Any mutant SPINKS

domain described herein may be used in a SPINKS polypeptide.
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The additional domains may be selected to provide or improve a property or
characteristic of a SPINKS polypeptide, including, but not limited to, to facilitate sclubility,
facilitate storage, increase in-vivo half-life, increase in-vivo stability, increase storage half-life,
imcrease storage stability, reduce immunogenicity, reduce toxicity, provide for targeting to a
specific cell type or types, provide for delayed or controlled release in-vive, or any combination
of the foregoing. Representative additional domains are discussed herein.

In some embodiments, a SPINKS polypeptide comprises a single mutant SPINK9
domain, wherein the single mutant SPINKS domain 15 any mutant SPINKO domain disclosed
herein, mcluding, but not hmited to, a mutant SPINK S domain comprising an amino acid
sequence of Formula I, I, or IV or an amino acid sequence set forth in Tables 1-5

In some embodiments, a SPINKO polypeptide comprises from two to twenty {e.g., 2, 3, 4,
5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, or 20) independently selected mutant SPINK9
domains, wherein each mutant SPINK? domain is any mutant SPINKS domain disclosed herein,
mcluding, but not imited to, a mutant SPINKO domain comprising an amino acid sequence of
Formula 1, 111, or IV or an amino acid sequence set forth n Tables 1-5.

In some embodiments, a SPINKS polypeptide comprises a first and a second
mdependently selected mutant SPINKS domain; and each of the first and the second mutant
SPINK 9 domains comprise an independently selected amino acid sequence selected from a
mutant SPINKS domam aming acid sequence as disclosed herem, including, but not himited to,
an amino acid sequence of Formula [ II] or IV and an amino acid sequence set forth 1n Tables
1-5. In some such embodiments, the first and the second mutant SPINKO domains are identical.
In some such embodiments, the first and the second mutant SPINK® domains are not identical.
In a preferred embodiment, each mutant SPINKY domain is independently selected from Table 5.

In some embodiments, a SPINKS polypeptide comprises a first, a second, and a third
mdependently selected mutant SPINKY domain; and each of the first, the second, and the third
mutant SPINK9 domains comprise an independently selected aming acid sequence selected from
a mutant SPINKS domain amino acid sequence as disclosed herein, including, but not limited to,
an amino acid sequence of Formula 1, I, or I'V and an amino acid sequence set forth in Tables
1-5. In some such embaodiments, two and only two of said mutant SPINKS domains are identical.
In some such embodiments, the first, the second, and the third mutant SPINK? domains are

identical. In some such embodiments, the first, the second, and the third mutant SPINKS
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domains are not identical In a preferred embodiment, each mutant SPINK9 domain is
mdependently selected from Table 5.

When a SPINKO polypeptide comprises more than one {e.g, from 2 to 20) mutant
SPINKY domains, the mutant SPINKS domains may be positioned adjacent to one another in the
SPINK polypeptide or an additional domain may be positioned between one or more mutant
SPINKO domains. In some embodiments, all mutant SPINKO domains in a SPINKS polypeptide
are positioned adjacent to one anocther.

In some embodiments, when 2 or more adiacent mutant SPINKO domains are present, the
mutant SPINK9 domains are hinked by direct fusion (e.g., there 1s no intervening amino acid
sequence positioned between adjacent mutant SPINKS domains). In some embodiments, when 2
or more adjacent mutant SPINK® domains are present, the mutant SPINKS domains are linked
by a linker sequence. Tn some embodiments, when more than 2 mutant SPINKY domains are
present, the mutant SPINK9 domains are linked by a combmation of direct fusion and a linker
sequence. In some embodiments, at least one mutant SPINKS domain of a SPINKO polypeptide
is linked to an adjacent mutant SPINKS domain by a hinker sequence. In other embodiments, at
feast one mutant SPINKY domain of a SPINKS polypeptide 15 linked to an adjacent mutant
SPINKS domain by direct fusion.

In some embodiments, a SPINKS polypeptide comprises multiple associated polypeptide
chains {e.g., a polypeptide dimer linked through a Fc portion or other dimerization domain),
wherein at least one polypeptide chamn in the SPINKS polypeptide comprises at least one {e.g.,
from 2 to 20) mutant SPINKS domain.

In some embodiments, a SPINKS polypeptide comprises a first polypeptide chain and a
second polypeptide chain linked through a Fe portion or other dimerization domain, wherein at
ieast one of the first and second polypeptide chains comprises at least one {e.g., from 2 to 20}
mutant SPINK? domain. In some such embodiments, the mutant SPINKS domains are
independently selected from any mutant SPINKS9 domain disclosed herein, including, but not
fimited to, a mutant SPINK9 domain comprising an amino acid sequence of Formula L I, or IV
or an amino acid sequence set forth in Tables 1-5. . In a preferred embodiment, the first and
second mutant SPINKY domains are independently selected from Table 5.

In some embodiments, a SPINKS polypeptide comprises a first polypeptide chainand a

second polypeptide chain linked through a Fc portion or other dimerization domain, wherein the
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first polypeptide chain comprises a first mutant SPINKS domain and the second polypeptide
chain comprises a second mutant SPINK9 domain. In some such embodiments, the mutant
SPINKY domains are independently selected from any mutant SPINKS domain disclosed herein,
mcluding, but not limited to, a mutant SPINKS domain comprising an amino acid sequence of
Formula I, I, or IV or an amino acid sequence set forth i Tables 1-5. In some such
embodiments, the first and second mutant SPINK9 domains are identical. In some such
embodiments, the first and second mutant SPINKS domains are not identical. In a preferred
embodiment, the first and second mutant SPINK9 domains are independently selected from
Table 5.

In some embodiments, a SPINK® polypeptide comprises a first polypeptide chain and a
second polypeptide chain linked through a Fe portion or other dimerization domain, wheren the
first polypeptide chain comprises a first and a second mutant SPINKY domain and the second
polypeptide chain coroprises a third and a fourth mutant SPINK9 domamn. Tn some such
embodiments, the mutant SPINKS domamns are independently selected from any mutant SPINKS
domain disclosed heren, ncluding, but not himited to, a mutant SPINKYS domain comprising an
amino acid sequence of Formula [ I, or IV or an amino acid sequence set forth in Tables 1-5.
In some such embodiments, at least two of the {irst to fourth mutant SPINKS domains are
wdentical. In some such embodiments, each of the first to fourth mutant SPINK9 domains are
identical. In some such embodiments, each of the first to fourth mutant SPINKS domains are not
identical. In a preferred embodiment, the first to fourth mutant SPINKS domains are
mdependently selected from Table 5.

In some embodiments, a SPINKS polypeptide comprises a first polypeptide chain and a
second polypeptide chain linked through a Fe portion or other dimernization domain, wherein the
first polypeptide chain comprises a first, second and third mutant SPINK9 demain and the
second polypeptide chain comprises a fourth, fifth, and sixth mutant SPINKO domain. In some
such embodiments, the mutant SPINK® domains are independently selected from any mutant
SPINKO domain disclosed herein, including, but not limited to, a mutant SPINK9 domain
comprising an amino acid sequence of Formula I, I, or I'V or an amino acid sequence set forth
in Tables 1-5. In some such embodiments, at least two of the first to sixth mutant SPINK9
domains are identical. In some such embodiments, each of the first to sixth mutant SPINK9

domains are identical. In some such embodiments, each of the first to sixth mutant SPINK9
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domains are not identical In a preferred embodiment, the first to sixth mutant SPINK9 domains
are independently selected from Table 3.

When a SPINKSY polypeptide comprises a first and a second polypeptide chain and the
first and/or second polypeptide chains comprise more than one {e.g., from 2 to 20) mutant
SPINKY domains, the mutant SPINKS domains in the first and/or second polypeptide chains may
be positioned adjacent to one another in the first and/or second polypeptide chains or an
additional domain may be positioned between one or more mutant SPINK® domains in the first
and second polvpeptide chains. In some embodiments, all mutant SPINK9 domains in the first
and/or second polypeptide chans are positioned adjacent to one another,

In some embodiments, when 2 or more adiacent mutant SPINK9 domains are present on
the first and/or second polypeptide chains, the mutant SPINKY domains are linked by direct
fusion {e.g., there i1s no mtervening amino acid sequence positioned between adjacent mutant
SPINKS domains). To some embodiments, when 2 or more adjacent routant SPINKS domains
are present on the first and/or second polypeptide chains, the routant SPINKS domains are linked
by a linker sequence. In some embodiments, when more than 2 mutant SPINK? domains are
present on the first and/or second polypeptide chains, the mutant SPINKS domains are linked by
a combination of direct fusion and a linker sequence. In some embodiments, at least one mutant
SPINK S domain of the first and/or second polypeptide chains 15 hinked to an adjacent mutant
SPINKO domain by a Iinker sequence. In other embodiments, at least one mutant SPINKS
domain of first and/or second polypeptide chains 15 linked to an adjacent mutant SPINKS domain
by direct fusion.

A SPINKS polypeptide may further comprise an additional domain. In some
embodiments, a SPINKO polypeptide comprises from 1 to 5 additional domains. Preferably, the
additional domain(s) provide a SPINKS polypeptide with an additional function 1n addition to
ihibition of an active kallikrein-related peptidase {e.g., KLKS}.

In a preferred embodiment, the additional domain 18 an immunoglobulin fragment
crystailizable (F¢) region, or a functional fragment thereof. The Fc region has been shown to
bind to the neonatal Fe receptor {(FeRn) in endothelial cells that hine the blood vessels, and, upon
binding, the Fc region containing polypeptide 1s protected from degradation and re-released inio

the circulation, thereby increasing the half-life of a linked polypeptide after administration to a
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subject. An Fc region may be linked to a SPINK® polypeptide to optimize the pharmacokinetic
and pharmacodynamic properties of the polypeptide.

The term "Fc region" means the C-terminal region of an immunoglobulin heavy chain,
which may be generated by papain digestion of an intact antibody. The Fe region may be a native
amino acid sequence or may contain one or more modifications. The Fe region of an
mmunoglobulin generally comprises two constant domains, a CH2Z domain and a CH3 domain,
and optionally comprises a CH4 domain. Changes in the amino acid sequence of the Fc portion
to alter antibody effector function are known in the art {e.g., US Patent Nos. 5,648,260 and
5,624,821} The Fe region mediates several important effector functions, including, but not
fimited to, cytokime induction, antibody dependent cell mediated cytotoxicity (ADCC),
phagocytosis, complement dependent cytotoxicity (CDC), and wnereasing the half-life, and
decreasing the clearance rate of a polypeptide. In some cases, these effector functions are
desirable for a therapeutic immunoglobulin but in other cases might be unnecessary or even
deleterious, depending on the therapeutic objectives.

In some embodiments, the F¢ region, or functional fragment thereof, 1s linked to a
SPINKS polypeptide by direct fusion or by a hinker sequence. In some embodiments, the Fe
region, or functional fragment thereof, may be linked to a SPINK9 polypepitde at the N-terminus
or the C-terminus of the mutant SPINKS doman.

In some embodiments, the immunoglobulin Fe region 1s of human onigin. In some
embodiments, the immunogiobulin Fe region 15 from or derived from non-human animals,
mcluding, but not limited to, rodents such as, but not imited to, mice and rats; mammals, such
as, but not limited to, rabbits, bovines, pigs, dogs, cynomolgus monkeys, marmosets, rhesus
monkeys, and avians, such as, but not limited to, chickens. Preferably, the immunoglobulin Fc
region 1s of human origin or 1s derived from non-human animals and 15 “humanized” as is known
i the art. In some embodiments, the immunoglobulin Fe region comprises a human Fe sequence
selected from the group consisting of an 1gG1, Ig(G2, 1pG3, 1eG4, IgA, 1gD, IgE, and IgM Fe
region.

In some embodiments, a SPINKS polypeptide comprises a modified Fe region. In some
embodiments, a SPINK9 polypeptide comprises a modified Fc region of human origin. A
modified Fo region may comprise amino acid insertions, deletions, substitutions, or chemical

modifications. For example, an Fc region modification may be made to increase or decrease

30~



WO 2024/020083 PCT/US2023/028123

complement binding, to increase or decrease ADCC or CDC, to increase or decrease binding to
FcR, to increase or decrease binding to FcRn, to modify glycosylation, or any combmation
thereof. Various F¢ modifications are known in the art and have been described, for example, in
Labrijin et al. {2009} Nature Biotech. 27(8).767-771; Greenwood et al. (1993} Fur. I Immunol.
23:1098-1104; Mueller et al. (1997) Mol Immunol 34:441-452; Rother et al. {2007) Nature
Biotechnol 25 1256-1264; Lee et al. {2019} Nature Comm. 10, article number 5031; and
Saunders, Front. Immunol. (2019} article 1296). Any of the Fe modifications known in the art
may be applied to a SPINK? polypeptide comprising a Fe region disclosed herein. In some
emmbodiments, an Fo modification is an amino acid substitution.

In some embodiments, a SPINK® polypeptide comprising a modified Fe region is

characterized by decreased binding {e.g., minumal binding or absence of binding) to a buman Fe

recepior {e.g., FoyRI, FeyRIA, FoyRIB, FoyRIIB, or combinations thereof). In some
erobodiments, a SPINKS polypeptide comprising a modified Fe region exhibits at least a 3% or
greater (2.5, 10%, 15%, 20%, 30%. 40%, S0%, 60%, 70%, §0%, 90% or greater) reduction in Fe
receptor binding as compared to a SPINKS polypeptide comprising a wild-type Fe region. In
some embodiments, a SPINKS polypeptide comprising a modified Fe region exhibits at least a
5% or greater {e.g., 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater)
reduction i ADCC as compared to a SPINKS polypeptide comprising a wild-type Fe region. In
some embodiments, the reduction in ADCC 15 accomplished by the amino acid substitution
L234A/.235A, G237A, N297A or any combination thereof (numbering according to the EU
numbening; Edelman, GM. et al, Proc. Nath Acad USA, 63, 78-85 {1969). PMID: 5257969}

In some embodiments, a SPINKS polypeptide comprising a modified Fe region is
characterized by decreased binding {e.g., minimal binding or absence of binding) to complement
protein as compared to a SPINKS polypeptide comprising a wild-type Fc reg. In some
embodiments, a SPINKO polypeptide comprising a modified Fc region exhubits at least a 5% or
greater {e.g., 10%, 15%, 20%, 30%, 40%, 50%, 60%:, 70%, 80%, 90% or greater) reduction in
C1q binding as compared to a SPINK?® polypeptide comprising a wild-type Fc region. In some
embodiments, a SPINKY polypeptide comprising a modified Fc region exhibits at least a 5% or
greater {e.g., 10%, 15%, 20%, 30%, 40%, S0%, 60%, 70%, 80%, 90% or greater) reduction CDC

as compared to a SPINK9 polypeptide comprising a wild-type Fc region.
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In some embodiments, a SPINKS polypeptide comprising a modified Fc region is
characterized by an increased affinity for human neonatal Fc recepiors (FeRu) at low pH (e.gn,
pH 5.8-6.0) as compared to a SPINKS9 polypeptide comprising a wild-type Fc region. In some
embodiments, a SPINK9 polypeptide comprising a modified Fo region exhibits at least a 5% or
greater {e.g., 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater} affinity for
FeRn at low pH as compared to a SPINKS polypeptide comprising a wild-type Fe region. In
some embodiments, the increased aftinity for human neonatal Fc receptors (FcRa) at low pH 1s
accomphished with the amino acid substitution M252Y/8254T/T256E, M4281./N4348S,
HA33K/N434F, V204E/L.3090/(Q31TH, V264E/1.309D/Q31 TH/N434S, or
L3090/ (31 1H/N4348 (numbering according to the EU nurobering; Edelman, G M. etal,, Proc.
Natl, Acad USA, 63, 78-85 (1969). PMID: 5257969),

In some embodiments, a SPINK® polypeptide comprising a modified Fe region exhibits
nummal or reduced glycosylation as compared to a SPINK polypeptide comprising a wild-type
Feregion. In some embodunents, a SPINKS polypeptide comprising a modified Fo region
exhibits at least a 5% or greater {e.g., 10%, 15%, 2096, 30%, 40%, 50%, 60%, 70%, 80%, 90%
or greater} reduction in glycosylation as compared to a SPINKS polypeptide comprising a wild-
type Fc region. In some embodiments, the mumimal or reduced glycosylation is accomplished
with the amino acid substitution N297X, where X 15 any amino acid other than N {e.g., a N297A
substitution} (numbering according to the EU numbering (Edelman, G M. et al,, Proc. Natl.
Acad. USA, 63, 78-85 (1969}, PMIE}: 5257969).

In some embodiments, the Fe region is from an [g(G1 antibody, particularly a human
1s(G1 antibody. In some embodiments, the modified Fc region is from an [gG1 antibody,
particolarly a human [g(G} antibody, and includes one or more of amine acid substitutions
selected from the group consisting oft L234A/L.235A, M252Y/S254T/T256E, M428L/N434K,
H433K/N434F, VZO4E/L3090/Q311H, V264E/1.309D/(3311H/N4348, L30SIVQ311H/N4348,
N297X, where X is any amino acid other than N {e.g., a N297A}, P228S A3308, P3318, G237A,
E233P/L234V/L235A, A327G/A3308/P331S, or L234F/L235E/P3318 (numbering according to
the EU numbering (Edelman, GM. et al., Proc. Natl. Acad. USA, 63, 78-85 (1969). PMID:
$287969). In some embodiments, one or more additional mutations are included in such IpGl

madified Fe region. In some embodiments, a human IgG1 modified Fe region has up to 30 (e.g,,



WO 2024/020083 PCT/US2023/028123

25,20, 15, 10,9, 8,7, 6, S or 4} mutations as compared to wild-type human IgG1 Fc region
sequence or fragment thereof.

In some embodiments, an Fo region comprises, consists of, or consists essentially of an
amino acid sequence of Formula I (SEQ 1D NO: 24):
Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Xi Cys Pro Ala Pro Xo X5 X4 Gly X5 Pro Ser
Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu X¢ Ile X7 Arg XsPro Glu Val Thr Cys Val
Val Xo Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asa Trp Tyr Val Asp Gly Val Glu Val
His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Xio Ser Thr Tyr Arg Val Val Ser Val Leu
Thr Val X1 His Xz Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys X5 Leu
Pro X4 Xas He Glu Lys Thr e Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gln Val Tyr Thr Leu
Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu The Cys Leu Val Lys Gly Phe Tyr
Pro Ser Asp fle Ala Val Gl Trp Glo Ser Asn Gly Glo Pro Glu Asn Asa Tyr Lys Thr Thr Pro Pro
Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln
Gin Gly Asn Val Phe Ser Cys Ser Val Xis His Glu Ala Leu Xu7 Xis His Tyr The Gin Lys Ser Leu
Ser Leu Ser Pro Gy Lys;
wherein
XiisPor S,
XzisBor P
X and Xa are each independently L or A;
XsisGor A
XetsMor Y,
XrisSorT,
Xeis TorE;
Xois ¥V or E;
Xwis Nor A;
XussLorD;
XizisQor H;
Xuiis Aor G
KuisAorS;
XisisPor§;
KisisMorL;
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Xris Hor K and
Xz is N, S, or F; wherein wild-type amino acids are underlined, and non-underlined aming acids
are non-wild type (substituted) amino acids.

In some embodiments of Formula i, Xs-X5-X3 18 M-S-T, and at least one of X to Xs and
Xy to Xas 15 a non-wild-type amino acid. In some embodiments of Formula I, X6-X7-X5 18 ¥Y-T-E
and at least one of X1 to Xs and Xo to Xz is a wild-type amino acid. In some embodiments of
Formula 1T, X6-X7-Xs 1s Y-T-E and each of X; to X5 and Xo to Xis is a wild-type amino acid.

In some emboduments of Formula 11, X6 and Xis are M and N, and at least one of X1 to
X5 and X7 1s a non-wild-type ammo acid. In some ernbodiments of Formula T, Xie and Xis are
L and S, and at least one of X1 to Xis and X7 18 a wild-type amuno acid. In some embodiments of
Formula 11, Xis and Xis are L and S, and each of X to Xis and Xu7 15 a wild-type amino acid.

In some emboduments of Formula I, 2XG-Xa1s L-L, and at least one of Xt to Xz and X5 to
X1z 13 a non-wild-type amwno acid. In some embodiments of Formula [1, Xs-X41s A-A, and at
feast one of X1 to Xz and X5 to Xis 1s a wild-type amino acid. In some embodiments of Formula
I, X5-Xa1s A-A, and each of X1 1o X2 and Xs to Xis is a wild-type amino acid.

In some embodiments of Formula H, Xo, Xu1, and Xnare V, L, and @, and at least one of
X1 to Xa, Xio, and Xi3 to Xis is a non-wild-type amino acid. In some embodiments of Formula 1,
Xo, X11, and Xnare E, D, and H, and at least one of X1 to Xs, Xio, and X3 {0 Xis 15 a wild-type
amine acid. In some embodiuments of Formula IE Xs, Xi1, and X1z are E, D, and H, and each of
X1 to Xs, Xio, and X13 to Xiz 13 a wild-type amino acid.

In some embodiments of Formula 11, X1, Xpand Xz are L, 3, and N, and at least one of
X1 to X0 and Xis to Xu7 18 a non-wild-type amuno acid. In some embodiments of Formula {1,
Xi1, Xuzand Xz are D, H and &, and at least one of X3 to Xyo and Xi3 to Xi7 1s a wild-type amino
acid. In some embodiments of Formula 11, Xi1, X and Xisare D, H and S, and each of X1 to
X0 and X3 to Xi71s a wild-type amino acid.

In some embodiments of Formula i, X17-Xis are H-N, and at least one of Xy to Xisis a
non-wild-type amino acid. In some embodiments of Formula I, Xv7-Xizare K-F and at least one
of Xy to Xjs 1s a wild-type anuno acid. In some embodiments of Formula 1F, Xi7-Xjsare K-F and

each of Xj to Xis 1s a wild-type amino acid.
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In some embodiments of Formula 1T, X5-Xs1s A-A, Xisand Xizare L and S, and each of
X to Xo, Xs to Xas, and X7 15 a wild-type amine acid. In some embodiments of Formula I, Xs-
Xais A-A, Xe-X7-Xe s Y-T-E, and each of Xy to Xo, X5, and X to Xas 15 a wild-type amino acid.

In some embodiments of Formula If, Xio1s N, and at least one of X4 to Xo and Xi3 10 X3
1 a non-wild-type amino acid. In some embodiments of Formula 11, Xio 15 A, and at least one of
Xy to KXo and Xi; to Xas 15 a wikd-type aming acid. In some embodiments of Formula 1, Xio is A,
and each of X to Xo and Xi: to Xus 15 a wild-type amino acid.

In some embodumnents of Formula 11, Xio is A, and X3-Xa1s A-A, and at teast one of or all
of X1 to Xo, X5 to Xo, and X1 to Xag 1s a wild-type amino acid.

In some embodumnents of Formula T, Xio is A, and Xis and Xig are L and 8, and at least
one of or all of X1 to Xs, Xi1 to Xis, and Xu7, 1s a wild-type amino acid.

In some embodiments of Formula II, Xio is A, and Xe-X7-Xz 18 Y-T-E, and at least one of
or all of X1 to Xs, Xe, and ¥X11 to Xis, 18 a wild-type anuno acid.

In some embodiments of Formula 11, Xio is &, X5-Xa1s A-A, and Xie and Xas are L and
S, and at least one of or all of X1 to X2, Xs to Xo, X1 to Xis, and X17 15 a wild-type amino acid.

In some embodiments of Formula 11, Xio 15 A, X5-Xa1s A-A, and Xe-X7-Xe 15 Y-T-E, and
at feast one of or all of X1 1o Xz, Xs, and Xo to Xis, 15 a wild-type amino acid.

As used 1u the present disclosure, a “linker” or “linker sequence” denotes an amino acid
sequence of natural and/or synthetic origin. A hinker sequence may comprise a linear amino acid
chain wherein the 20 naturally occurring ammno acids are the monomeri¢ building blocks. The
finker may have a length of from 1 to S0 ammo acids {(e.g., 1,2,3,4, 5,6, 7, & 9, 10, 10-15, 15-
20, 20-30, 30-50 amino acids) and may comprise repetitive amino acid sequences or sequences
of naturally occurring polypeptides. In some embodiments, the linker functions to ensure that
polvpepiides or polypeptide domains within a polypeptide linked to each other can perform their
biological activity by aliowing the polypeptides or polypeptide domains to fold correctly and/or
to be presented properly. The linker may also function to provide a cleavage site between mutant
SPINKY domains and/or a mutant SPINKO domaimn and an additional domain {e.g., an Fc region).
In some embodiments, the linker sequence is rich in glycine, glutamine, and/or serine residues.
These residues may be arranged in small repetitive units and may be repeated as needed. In some
embodiments, a linker comprises a single amino acid, which is repeated between 10 to 20 times.

In some embodiments, a linker comprises a cleavage site and the cleavage site is optionally
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positioned adjacent to a mutant SPINK9 domain (suitable cleavage sites are known in the art and
described herein). For example, and without limitation, a SPINKSY polypeptide described herein
may comprise any linker sequence known in the art, such as Gly-Gly-Ser repeat linkers,
mcluding GS, GGS, GGGS (SEQ ID NG: 23), GGGSGGGS (SEQ 1D NO: 26,
GGGSGGGSGHGGS (SEQ 1D NO: 27), GGGSGGGSGGGSGGES (SEQ 1D NO: 28),
GGGSGGGSGGGSGGGSGGGS (SEQ 1D NO: 29), GGGGS (SEGQ ID NGO 303,
GGGGSGGGES (SEQ ID NO: 31, GGGGSGGGGSGGGGS (SEQ ID NO: 32y,
GGGGSGGGGSGGGGSGGGGS (SEQ ID NO: 33), and
GGGGSGGGEGSGGGEGSGGGESGGGES (SEQ 1D NG: 34)

In some embodiments, a linker sequence 15 encoded by a nucleic acid molecule and
therefore can be recombinantly expressed. In some embodiments, a linker sequence mcludes one
or more hinkages that are not a peptide bond {such alternate linkages are known in the art and
described herein). In such embodiments, a SPINKS polypeptide containing such a linker
sequence may be produced by non-recombinant methods as described herein or by a combination
of recombinant and non-recombinant methods.

In some embodiments, the hinker sequence comprises a cleavage site. Such cleavage sites
may be recognized by a protease naturally present in a subject, such as a proprotein convertase
(PP, more preferably a subtilisin-fike proprotein convertase (SPCs). SPCs are a famuly of
calcium-dependent cleavage enzymes that act on dibasic sites of various peptide/protein
substrates. An exemplary SPC 15 funin. Representative cleavage sites include, but are not limuted
to, KR | ,RR | RX(K/RR |, RXXR |, KXXR |, RX (V/LYK/F/L) { . RNKR | (SEQID
NO: 35), KAKR | (SEQID NO: 36), VFAQ | SIP (SEQ ID NO: 37), and RXCXRXXE/KR |
{SEQ I3 NO: 38); where | ndicates point of cleavage. A cleavage site disclosed herein may be
located at the N-termunus, C-termtinus, or at an internal position of any hinker sequence disclosed
herein. In some embodiments, a cleavage site 1s located at the N-terminus or C-terminus of any
finker sequence disclosed herein. In some embodiments, a cleavage site alone serves as a linker
sequence.

In some embodiments, a SPINKS polypeptide provided herein further comprises a signal
sequence. In some such embodiments, the signal sequence 13 linked to the amino (Nj-terminus of

the polypeptide by direct fusion or by a linker sequence. In other embodiments, said signal
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sequence may be linked to the carboxy (C-terminus of the polypeptide by direct fusion or by a
finker sequence.

In some embodiments, the Fc region has an amino acid sequence comprising SEQ D
NO: 39 or a sequence sharing 50%, 55%, 60%, 65%, 70%, 75%, 80%, 5%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, F7%, 98%, 99% or 100% sequence identity to SEQ 1D NG: 39:
EPKSCDKTHTCPPCPAPEL LGGPSVELFPPRKPKDTLMISRTPEVTICYVVVDVSHEDPEVKE
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVENK ALPAPT
EKTISKAKGOPREPQVYTLPPSREEMTRENGVSLTCLVKGFYPSDIAVEWESNGQOPENNY
KTTPPVLDSDGSFFLY SKLTVDESRWOQOGNVFSCSVMHEALHNBYTQKSLSLSPGR.
{SEQ 1D NO: 39),

To some embodiments, the Fc region has an amino acid sequence comprising SEQ 1D
NGO 40 or a sequence sharing 50%, 35%, 60%, 65%, 70%, 753%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ 1D NG:40:
EPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPEDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOGDWINGKEYKCKVSNKALPAPL
EKTISKAKGOPREPOVYTLPPSREEMTRENOQVSLTCLVKGEFYPSDIAVEWESNGOPENNY
KTTPPVLDSDGSFFLYSKLTVDESRWOQOQGNVESCSVMHEALHNHYTOKSLSLSPGK
(SEQ 1D NG: 40).

In some embodiments, the Fc region has an amino acid sequence comprising SEQ 1D
NQG: 41 or a sequence sharing 5096, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ 1D NG:.41:
EPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKE
NWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPL
EKTISKAKGOPREPOVYTLPPSREEMTRNQVSETCLVKGEFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDRSRWQOGNVEFSCSVLHEALHSHYTQKSLSLSPGK
{(SEQ 1D NOG: 413}

In some embodiments, the Fc region has an amino acid sequence comprising SEQ ID
NO: 42 or a sequence sharing 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ 1D NO:42:
EPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKEF
NWYVDGVEVHNAKTKPREEQYNMNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPL
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EKTISKAKGOPREPOVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWGQOGNYVEFSCSVMHEALHNHYTOKSLSLSPGK
{(SEQ 1D NG: 423,

In some embodiments, the Fc region has an amino acid sequence comprising SEQ ID
NG 43 or a sequence sharing 50%, 55%, 60%, 63%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%%, 97%, 98%, 99% or 100% sequence dentity to SEQ 1D NO:43:
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVYVDVSHEDPEVKE
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPT
EKTISKAKGOPREPOVYTLPPSREEMTKNQVSLTCLVEGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSELTVDKSRWOQOGNVESCSVLHEALHSHYTQRSLSLSPGR
{(SEQ ID NG: 43).

In some embodiments, the Fo region has an amino acid sequence comprising SEQ ID
NG: 44 or a sequence sharing 50%, 55%, 60%, 63%, 70%, 75%, 0%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence dentity to SEQ 1D NG44
EPKSCDKTHTCPPCPAPELLGGPRVILFPPKPKDTLYITREPEVTCVYVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVEHQDWILNGKEYKCKVENKALPAPRIE
KTISKAKGQPREPQVYTLPPSREEMTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWOQGNVEFSCSVMHEALHNHYTQKSLSLSPGK (SEQ
1D NO: 44),

In some embodiments, the Fe region has an amino acid sequence comprisimg SEQ ID
NQO: 45 or a sequence sharing 50%, 55%, 060%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ D N(:45:
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCYVYVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGRKEYKCKVSNKALPAP!
EKTISKAKGQOPREPQVYTLPPSREEMTKNQVSLTCLVKGEFYPSDIAVEWESNGOPENNY
KTTPPVLDSDGSFFLYSKUTVDKSRWQQGNVESCSVMHEALKFHYTQKSLSLSPGK
{SEQ 1D NO: 45).

In some embodiments, the Fe region has an amino acid sequence comprising SEQ ID
WO 46 or a sequence sharing 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,

93%%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ 1D NG:46:
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EPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPL
EKTISKAKGOPREPOVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWGQOGNVESCSVMHEALKFHYTOKSLSLSPGK
{(SEQ 1D NG 46).

In some embodiments, the Fe region has an amino acid sequence comprising SEQ ID
NG: 47 or a sequence sharing 50%, 55%, 60%, 63%, 70%, 75%, 8%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence wdentity to SEQ 1D NG:47:
EPKSCDETHTCPPCPAPELLGGPSVILFPPKPKDTLMISRTPEVTCVVEDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVDHHDWLNGKEYKCKVSNKALPAPIE
KTISKAKGQPREPOQVYTLPPSREEMTENQVSLTCLVKGIFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDESRWQOGNVESCSVMHEALHNHY TQKSLSLSPGK (SEQ
ID NG 47

In some embodiments, the Fo region has an amino acid sequence comprising SEQ ID
NO: 48 or a sequence sharmg 50%, 55%, 60%, 63%, 70%, 75%, 80%, &5%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence dentity to SEQ ID NO:4&:
EPKSCDKTHTCPPCPAPEAAGGPSVEFLEFPPK PKDTLMISRTPEVTICVVEDVSHEDPEVREF
NWYVDGVEVHNAKTKPREEQYNSTYRVVAVLTVDHHDWILNGKEYRCKVANKALPAP]
EKTISKAKGOPREPOQVYTLPPSREEMTKNGVSLTCLVEGFYPSDIAVEWESNGOPENNY
KTTPPVLDSDGRFFLYSKLTVDKSRWQQOGNVESCSVMHEALHNHYTOKSLSLEPGK
{SEQ ID NO: 48).

In some embodiments, the Fc region has an amino acid sequence comprising SEQ ID
NO: 49 or a sequence sharing 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identily to SEQ 1D NG:49:
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTPEVTICYVVYDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVEVLTVDHHBWILNGKEYKCKVENKAL PAPL
EXTISKAKGQPREPQVYTLPPSREEMTEKNGVSLTCLVKGFYPSDIAVEWESNGOPENNY
KTTPPVLDSDGSFFLY SKUTVDESRWQQGNVESCSVMHEALHSHY TQKSLSLSPGK.
{SEQ 1D NO: 49),
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In some embodiments, the Fc region has an amino acid sequence comprising SEQ 1D
NO: 50 or a seguence sharing 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ 1D NG: S0
EPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTICVYVVDYSHEDPEVKEF
NWYVDGVEVHNAKTKPREEQYNSTYRVYSVLTVDHHDWENGKEYKCKYVSNKALPAP]
EXTISKAKGQOQPREPQVYTLPPSREEMTKNGVSLTCLVKGEFYPSDIAVEWESNGOPENNY
KTTPPVLDSDGSFFLY SKUTVDEKSRWOQQOQGNVESCSVMHEALHSHYTQKSLSLSPGK.
{SEQ 1D NG: 50).

Tn some embodiments, the Fc region has an amino acid sequence comprising SEQ 1D
NQ: 51 or a sequence sharing 50%, 55%, 60%, 65%, 70%, 75%, 8(%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ ID NG SL
EPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKF
NWYVDGVEVHNAKTEPREEQYASTYRVVSVLTVLHODWINGKEYECKVSNEALPAPE
ERTISKAKGOPREPOVYTLPPSREEMTENGVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDESRWQOQGNVEFSCEVMHEALHNHYTOKSLSLSPGK
{(SEQ ID NG: 51}

In some embodiments, the Fc region has an amino acid sequence comprising SEQ 1D
NG: 52 or a sequence sharing 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to SEQ 1D NG S2:
EPKSCDKTHTCPPCPAPEAAGGPSVEFLFPPRKPRDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHODWINGKEYKCKVSNKALPAPE
EKTISKAKGOPREPOVYTLPPSREEMTKNOQVSLTCLVKGEFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWGOOGNVEFSCESVMHEAL HNHYTOKSLSLSPGK
{(SEQ 1D NG: 523

In some embodiments, the Fc region has an amino acid sequence comprising SEQ 1D
NG 53 or a sequence sharing 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% sequence dentity to SEQ 1D NO:533:
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLYITREPEVTCYVYDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLEHQDWLNGKEYKCKVENKALPAPIE
KTISKAKGQPREPOQVYTLPPSREEMTENQVSLTCLVKGFYPSDIAVEWESNGOQPENNYK
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TTPPVLDSDGSFFLYSKLTVDKSRWOQGNVESCSVMHEALHNHY TQRSLSLSPGK (SEQ

D NO: 53).

In some embodiments, the Fc region has an amino acid sequence comprising SEQ D
NO: 54 or a sequence sharing 50%, 55%, 60%, 65%, 70%, 75%, 80%, 5%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 7%, 98%, 99% or 100% sequence identity to SEQ 1D NG54
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPRPKD TLMISRTPEVTICVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHODWLINGKEYRKCKVSNKALPAPT
EKTISKAKGOPREPQVYTLPPSREEMTRENGVSLTCLVKGFYPSDIAVEWESNGQOPENNY
KTTPPVLDSDGSFFLY SKLTVDESRWOOGNVESCSVLHEALHSHYTQKSLSLSPGK

(SEQ 1D NO: 54).

To some preferred embodiments, a SPINKO polypeptide comprises, consists of, or

consists essentially of an anuno acid sequence as described in Table 6.

Table 6

Mutant SPINKS domain

Additional Muatant SPINKSYS Domains

Additional Domain

SEQID NGO 4

0-20, independently selected from SEQ
ID NOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQID NO: 3

0-20, independently selected from SEQ)
IDNOS: 4-23 or 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ ID NO. 6

0-20, imndependently selected from SEQ
IDNOGS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQ ID NO: 7

0-20, independently selected from SEQ
1D NOS: 4-23 or 113-134

Any one of SEQ 1D
NOS: 24 and 39-34

SEQ 1D NO- 8

0-20, independently selected from SEQ
IBDNOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQID NO- 9

0-20, independently selected from SEQ
D NOS: 4-23 or 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ ID NO: 10

0-20, independently selected from SEQ
ID NOS: 4-23 or 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ ID NO- 11

0-20, independently selected from SEQ
T NOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQ 1D NO- 12

0-20, independently selected from SEQ
1D NOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

(78]

SEQIDNO: 1

0-20, independently selected from SEQ
IDNOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQ ID NO: 14

0-20, independently selected from SEQ
IDNGS: 4-23 or 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQID NO- 15

(-20, mmdependently selected from SEQ
D NOS: 4-23 0r 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQ ID NO: 16

0-20, independently selected from SEQ
1D NOS: 4-23 or 113-134

Any one of SEQ ID
NOS: 24 and 39-54
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SEQ ID NO: 17

0-20, mdependently selected from SEQ
D NOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQID NO- 18

0-20, independently selected from SEG
D NOS: 4-23 0r 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ ID N 19

0-20, independently selected from SEQ
B NOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQ 1D NO: 20

0-20, independently selected from SEQ
D NOS: 4-23 or 1153-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQ ID NO: 21

0-20, mdependently selected from SEQ
IBNOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQ ID NO: 22

0-20, independently selected from SEQ
IDNOS: 4-23 or 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEG ID NG: 23

0-20, independently selected from SEQ
1D NOS: 4-23 or 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ ID NG: 115

(-20, rodependently selected from SEQ
IDNOS: 4-23 or 115-134

Apny one of SEQ ID
NOS: 24 and 39-34

SEQ ID NO: 116

0-20, independently selected from SEQ
ID NOS: 4-23 or 115-134

Any one of SEQ 1D
NGS: 24 and 39-54

SEQID NO: 117

0-20, independently selected from SEQ
D NOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEGQ ID NO: 118

0-20, independently selected from SEQ
D NOS: 4-23 0r 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ I NO: 119

0-20, independently selected from SEQ
1D NOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQ 1D NO: 120

0-20, independently selected from SEQ
ID NOS: 4-23 or 1153-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ ID NO: 121

0-20, mdependently selected from SEQ
IDNOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQID NO: 122

0-20, independently selected from SEG
1D NOS: 4-23 0r 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ ID NO: 123

0-20, independently selected from SEQ
B NOS: 4-23 or 115-134

Any one of SEQ ID
NOS: 24 and 39-54

SEQ 1D NO: 124

0-20, independently selected from SEQ
I3 NOS: 4-23 or 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ ID NO: 125

0-20, independently selected from SEQ
D NOS: 4-23 or 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ D NO: 126

0-20, independently selected from SEQ
1D NOS: 4-23 or 115-134

Any ove of SEQ ID
NOS: 24 and 39-54

SEG ID NO: 127

0-20, independently selected from SEQ
1D NOS: 4-23 or 115-134

Any one of SEQ 1D
NOS: 24 and 39-54

SEQ ID NO: 128

(-20, rodependently selected from SEQ
D NOS: 4-23 or 115-134

Apny one of SEQ ID
NOS: 24 and 39-34

SEQ ID NO: 129

0-20, independently selected from SEQ
ID NOS: 4-23 or 115-134

Any one of SEQ 1D
NGS: 24 and 39-54

SEQ ID NO: 130

0-20, independently selected from SEQ
IDNOS: 4-23 or 115-134

Any ove of SEQ ID
NOS: 24 and 39-54

i
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SEQ ID NO: 131 0-20, mdependently selected from SEQ Any one of SEQ ID
D NOS: 4-23 or 115-134 NOS: 24 and 39-54
SEGID NG: 132 0-20, independently selected from SHG Any one of SEQ 1D
D NOS: 4-23 or 115-134 NOS: 24 and 39-54
SEQ ID NO: 133 0-20, independently selected from SEQ Any one of SEQ ID
D NGS: 4-23 or 115-134 NOS: 24 and 39-54
SEQ I NO: 134 0-20, independently selected from SEQ Any one of SEQ ID
D NOS: 4-23 or 1153-134 NOS: 24 and 39-54

In some embodiments, a SPINK9 polypeptide described by Table 6 has 0 additional
mutant SPINK9 domains, wherein a linker sequence as described herein is optionally present to
link one or more of the described domains. In certain embodiments, all the domains present are
linked by direct fusion.

In some embodiments, a SPINK® polypeptide described by Table 6 has from 1 to 20
{e.g.,1,2,3,4, 0r 5 5-10, 10-15, or 15-20} additional mutant SPINK® domains, wherein a linker
sequence as described herein is optionally present to link one or more of the described domains.
in certain embodiments, all the domains present are linked by direct fusion.

In some embodiments, a SPINK® polypeptide described by Table 6 has 2 additional
mutant SPINK9 domains, wherein a linker sequence as described herein is optionally present to
fink one or more of the described domains. In certain embodiments, all the domains present are
linked by direct fusion.

In some embodiments, at least one of a mutant SPINKS domain is linked to an additional
domain {e.g., an Fc region} of a SPINKO polypeptide by a linker sequence. In some
embodiments, at least one of a mutant SPINKO domain is hinked to an additional domain {e.g., an
Fe region) of a SPINK9 polypeptide by direct fusion.

In some embodiments, at least one mutant SPINK® domain of a SPINKS polypeptide is
Hinked to an adjacent mutant SPINK9 domain by a linker sequence and a mutant SPINK9 domamn
is linked to an additional domain {e.g., an Fc region) by a linker sequence or by direct fusion. In
some embaodiments, at least one mutant SPINK9 domaimn of a SPINK9 polypeptide is linked to an
adjacent mutant SPINKS domain by direct fusion and a mutant SPINK9 domain 1s inked to an
additional domain {e.g., an Fe region) by a linker sequence or by direct fusion.

In some preferred embodiments, a SPINK? polypeptide cormprises, consists of, or
consists essentially of an ammno acid sequence selected from the group consisting of SEQ ID

NOS: 55-114 as shown 1n Table 7 below.

43



WO 2024/020083 PCT/US2023/028123

Table 7: Exemplary mutant SPINKSY domain-containing Polypeptides

Spinks-30.F¢
(SEQ ID NO:
55)

IECAKQTKOMVDCSHYKKLPPEQVSWCTREYDPICGSDGK T YK NDCPFCSEVKE TG
TLKFVHFGKCEPKSCDK THTCPPCPAPEAAGGPSVELFPPKPRKDTLMISRTPEVTICVVY
DVSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CKVENKALPAPIEK TISK AKGOPREPQVY TLPPSREEMTENQVSLTCLVEGFYPSDIAVE
WESNGOQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOQOGNVFSCSVLHEALHSHYT
OKSLSLSPGE

Spinki-
112.K62GFe
(SEQ ID NO:
363

IECAKOTKOMYDCSHYKELPPEQEL Y CTREYDPICGSDOE TY GNDCFFUSK VEK TDGT
LKFVHFGECEPKSCDKTHTCPPCPAPEA AGGPS VFLFPPEPKDTLMISR TPEVTCVYVE
VSHEDPEVKFNWYVDGVEVHENAKTKPREEQYNSTYRVVSVL TVLHODWLNGKEVKC
KVSNKALPAPIEK TISK AKGOPREFQVY TLEPSREEMTK NOVSLTCLVKGFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVDK SRWQQGNVFSCSVLHEALHSHYT
OKSLSLSPGK

Spink9-
183.Fc

(SEQ 1D NO:
57y

ECAKQTKOMVDOSHYKKLPPOOQOQAYCTRDYDPICGSDGK TYKNDCFFCSKVKKTDRG
TLEKFVHFGECEPKESCDKTHTCPPCPAPEAAGGPSVELFPPEPKDTLMISRTPEVICVYY
DVSHEDPEVKENWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CKVSNKALPAPIEK TISK AKGOPREPQ VY TLPPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKUTVDKSRWQQOGNVESCSVLHEALHSHY'T

OKSLSLSPGK
Spinkd- ECALOTKOMYDUSHYEKLPPAQLIYCTREY DPICGSDOK TYKNDUFFCOK VEKTDGT
186.F¢ LKFVHFGK CEPKSCDK THTCPPOPAPEAAGGPS VFLFPPK PKDTLMISRTPEVTCVVVD
(SEQ ID NO: | VSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
58) KVSNKALPAPEK TISKAKGQPREPOVY TLPPSREEMTENQVSLTCLVEGFYPSDIAVE
WESNGQPENNYK TTPPVLDSDGSFFLY SKLTVDK SEWQQGNVFSCSVLHEALHSHYT
QKSLSLSPOK
Spinkd- IECAKQTKOMVDCSHYKKLPPGOEHFCTREFDPICGSDGR TYKNDCFFCSKVRKTDGT
189, Fe LEFVHFGKCEPKSCDR THTCPPOPAPEAAGGPS VELFPPK FKDTLMISRTPEVTCVVVD
(SEQ ID NO: | VSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
59 KVSNKALPAPIEK TISKAKGQPREPQVY TLPPSREEMTENGVSLTCLVEGFYPSDIAVE
WESNGOPENNYE TTPPVLDSDGSFFLY SKLTVDKSR WOOGNVESCS VLHEALHSHYT
QKSLSLSPGK
Spinkd- TECAKQTEOMVDCSHYKKLPPEQOLMCTREY DPICGSDGK TYENDCFFCSKE VRE TDG
236.F¢ TLKFVHFGKCEPKSCDK THTCPPCPAPEAAGGPS VFLFPPKPEDTLMISRTPEVTCVVV

(SEQ I NO-
60)

DVSHEDPEVERENWYVDRGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CKVYSNKALPAPIEK TISK AKGQPREPOQVYTLPPSREEMTRKNOQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLETVDKSRWQOGNVFSCSVLHEALHSHYT
QKRLSLSPGE

Spinks- IECAKOTEOMVDCSHYKELPPEQEL Y CTREY DPICGSDOR TYKNDCFFCSK VEKTDGT

112.F¢ LKFVHFGKCEPKSCDK THTCPPCPAPEAAGGPS VFLEPPE PKD TLMISR TPEVTCVY VD

(SEQ ID NO: | VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC

613 KVSNKALPAPIEK TISK AKX GOPREPQVY TLEPSREEMTK NOVSLTCLVK GFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVDKSRWOQGNVFSCS VLHEALHSHYT
OKSLSLSPGK

Spinkd- IECAKQTKQMVDOSHYKKLPPMQTEWC TKEY DPICGSDGKTYKNDCFFCSKEVKETDG

194.F¢ TLKFVHFGECEPKSCDK THTCPRCPAPEAAGGPS VFLFPPEPKDTLMISRTPEVTCVVY

(SEQ 1D NO:
623

DVSHEDPEVKENWY VDGVEVHNAK TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CKVSNKALPAPIEK TISK AKGQPREPQVY TLPPSREEMTKNGVSLTCLVEGFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLY SKLTVDK SRWOQGNVFSCSVLHEALHSHYT
OKSLSLSPGK

Spinky-
245.F¢

(SEQ ID NO:
63)

ECAKQTKOMVDCSHYEKLPPNQTVYCIREYDPICGSDGK TYENDCFECSKVKRTDG
TLKFVHFGKCEPKSCDK THTCPPCPAPEAAGGPS VFLFPPKPKDTLMISRTPEVTCVVY
DVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CEVSNKALPAPIEKTISKAKGOPREPQVY TLPPSREEMTKNQVSLTCLVKGEYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOQGNVEFSCSVLHEALHSHYT
QKSLSLSPGK
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Spink9-20.F¢ | IECAKQTEOMVDCSHYKKLPPLOEW Y CTRDYDPICGSDGK TYENDCPFCSEVKETDG

(SEQ 1D NO: | TLKFVHFGKCEPKSCDK THTCPPCPAPEA AGGPSVFLFPPKPKDTLMISRTPEVTICVVV

64) DVSHEDPEVEFNWY VDGVE VENAK TK PREEQYNSTYRVVS VL TVLHODWLNGKEYE
CK VSNKALPAPIEK TISK AKGOPREPOVY TLPPSREEMTENGQVSLTCLVEGFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVDKSRWOQOGNVESCSVLHEALHSHYT
OKSLSLSPGK,

Spink8-21.F¢ | IECAKOTKOMVDCSHYKELPPVOELY CTREY DPICGSDGKTYENDCEFCSKVKKTDGT

(SEQ 1D NO:
65

LKFVHFGKCEPK SCDK THTCPPCPAPEAAGGPS VFLEPPK PKD TLMISR TPEVTCVY VD
VSHEDPEVEFNWYVDGVEVENAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYEC
KVSNKALPAPIEK TISK AKX GOPREPQVY TLEPSREEMTK NOVSLTCLVK GFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLY SKLTVDK SRWOQOGNVFSCSVLHEALHSHYT
OQKSLSLSPGK

Spink®-73Fc | IECAKQTKOMYDCSHYKKLPPMOAYHC TREYDPICGSDGR TYKNDOFFOSK VEK TDG
(SEQ ID NO: | TLKFVHFGKCEPKSCDK THTCPPCPAPEA AGGPS VFLFPPEPKDTLMISRTPEVTCVVY
66) DVSHEDPEVKENWY VDGVEVHNAK TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CKVSNEALPAPIEK TISK AKGQPREPQVY TLPPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGOPENNYK TTPRVLDSDGSFFLY SKLTVDK SRWOQGNVFSCSVLHEALHSHYT
OKSLSLSPGK
Spinkd- ECALQTKOMVDUSHYEKLPPGOEDFCTREY DPICGSDGE T Y KNDCFFCSKVKKIDGT
211.F¢ LKFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPS VFLFPPKPKDTLMISRTPEVTCVVVD
(SEQ ID NO: | VSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRYVVSVLTVLHQODWLNGKEYKC
67) KVSNKALPAPEK TISKAKGQPREPOVY TLPPSREEMTENQVALTCLVEGFYPSDIAVE
WESNGQPENNYK TTPPVLDSDGSFFLY SKLTVDKSEWOQQGNVFSCSVLHEALHSHYT
QKSLSLSPCK
Spink9- IECAKQTKOMVDCSHYKKLPPGOILY CGRDYDPICGSDGK TY KNDCFFCSKVKKTDGT
212.F¢ LEFVHFGKCEPKSCDR THTCPPOPAPEAAGGPS VELFPPK FEDTLMISR TPEVTCVYVVD
(SEQ D NO: | VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
68) KVSNKALPAPIEK TISKAKGQPREPQVY TLPPSREEMTENGVSLTCLVEGFYPSDIAVE
WESNGOPENNYE TTPPVLDSDGSFFLY SKLTVDKSR WOOGNVESCS VLHEALHSHYT
QKSLSLSPGK
Spinkd- TECAKQTEOMVDCSHYKKLPPEQEW Y CSREYDPICGSDGR TYKNDCFFCSK VKK TDG
237.F¢ TLKFVHFGKCEPKSCDK THTCPPCPAPEAAGGPS VFLFPPKPEDTLMISRTPEVTCVVV

(SEQ D NO:
69)

DVSHEDPEVKFNWYVDGVEVENAKTK PREEQYNSTYRVVSVLTVLHODWLNGKEYE
CKVSNKALPAPIEK TISK AKGQPREPQVY TLPPSREEMTKNQVSLTCLVEGFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVDKSRWOOGNVESCSVLHEALHSHY T
QKSLILSPGE

Spink$-3.¥¢
(SEQ ID NO:
76

TECAKOTKOMVDCSHYKKLPPDOFMECTREYDFICGSDGK TYENDCFFCSEVKETDG
TLKFVHFGECEPKSCDK THTCPPCPAPEA AGGPSVFLFPPEPKDTLMISRTPEVICVVV
DVSHEDPEVEFNWY VDGVEVHNAK TKPREEQYNSTYRVVSVLTVLHODWLNGKEYE
CKVSNKALPAPIEK TISK AKGOPREPOVY TLPESREEMTENGVSLTCLVEGEYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFL YSKLTVDK SRWOQGNVFSCSVLHEALHSHYT
OKSLSLSPGK.

Spinks-
162.F¢

{(SEQ 1D NO:
713

ECAKQTKOMVDOSHYKKLPPNQTEFCSREYDRPICGSDGK TYKNDCFFCSKVEKTDGT
LKEVHFGRCEPKSCDKTHTCPPCPAPEAAGGES VFLFPPE PKDTI MISRTPEVTCVVVD
VSHEDPEVEFNWYVDGVEVHNAEKTKPREEQYNSTYRVVSVETVLHODWLNGKEYELC
KVSNKALPAPIEKTISKAKGOPREPQVYTLPFPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGOPENNYKTTPPVLDSDGSFFLY SKEUTVDKSRWQQGNVESCSVLHEALHSHY'T
QKSLSLSPGK

Spinks-
i%3.Fe¢
(SEQ 1D NO:

ey
7L

ECAEQTKOMVDCSHYEKLPPIQEHWCTREYDPICGSDGE TYRKNDCFFCSKVEKTDG
TLKFVHFGKCEPKSCDK THTCPPCPAPEAAGGPS VELFPPKPKDTLMISRTPEVTICVVY
DVSHEDPEVKEFNWY VDBGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CEVSNKALPAPIEKTISKAKGOPREPQVY TLEPSREEMTKNQVSLTCLVKGEYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSREWQQGNVESCSVLHEALHSHYT
QKSLSLSPGK
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Sprak®-
202.Fe
(SEQ I NO:

73
}

TECAKOTEOMVDCSHYKKLPPKQSEY CTREYDPICGSDGK TYK NDCFFCSE VR TDGT
LKFVHFGKCEPKSCDK THTCPPCPAPEA AGGPSVFLFPPK PKDTLMISRTPEVTCVY VD
VSHEDPEVKENWY VDGVEVHNAK TKPREEQY NSTYRVVSVL TVLHGDWLNGEEYKC
KVSNK ALPAPIEK TISK AKGOPREPQVY TLEPSREEMTK NQVSLTCLVK GFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVDKSRWOQOGNVESCSVLHEALHSHYT
OKSLSLSPGK,

Spink9-74.F¢
(SEQ ID NO:
743

IECAKOTEOMVOCSHYKELPPHOYINCTREYDPICGSDGK TY KNDCFECSKVKKTDGT
LKFVHFGKCEPK SCDK THTCPPCPAPEAAGGPS VFLEPPK PKDTLMISR TPEVTCVY VD
VSHEDPEVEFNWYVDGVEVENAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYEC
KVSNKALPAPIEK TISK AKX GOPREPQVY TLEPSREEMTK NOVSLTCLVK GFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLY SKLTVDK SRWOQOGNVFSCSVLHEALHSHYT
OQKSLSLSPGK

Spink9-
30.2F¢
(SEQ 1D NO:

753

ECAKQTKOMVDOSHYKKLPPEQVSWCTREYDPICGSDGKTYKNDCFFCSK VKK TDG
TLKFVHFGKCEPK SCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLYITREPEVICVVVD
VSHEDPEVEFNWYVDGVEVHNAETKPREEQYNSTYRVVIVLTVLHODWLNGKEYRL
KVENKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSBIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOOGNVESCSVMHEALHNHYT
QKSLSLSPGK

Spink9-
112.2K62G.Fe
(SEQ ID NO:
76)

ECAROTKOMYDCSH YEKLPPEQELYCTRE Y DPICGSDGK TY GNDCFFCSE VKR TDGT
LKFVHFGK CEPKSCDK THTCPPCPAPEAAGGPS VFLFPPK PKDTLYITREPEVTCVVVD
VSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALPAPEK TISKAKGQPREPOVY TLPPSREEMTENQVALTCLVEGFYPSDIAVE
WESNGQPENNYK TTPPVLDSDGSFFLY SKLTVDKSEWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

Spink9~
183.2F¢
(SEQ D NO:
77y

IECAKOTKOMVDCSHYRKLPPQOOAY CTRDYDPICGSDGK TY KNDCFFCSK VKK TDG
TLKFVHFGKCEPKSCDE THTCPPCPAPEAAGGPS VELEPPK PEDTL Y ITREPEVTCYVVD
VSHEDPEVKFNWY VDGVEVHNAK TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALPAPIEK TISKAKGOPREPQVY TLPPSREEMTENGVSLTCLVEGFYPSDIAVE
WESNGOPENNYE TTPPVLDSDGSFFLY SKLTVDK SR WOQGNVESCS VMHEALHNHY'T
QKSLSLSPGK

Spink®~
i86.2Fc
(SEQ D NO:

78)

IECAKQTKOMVDCSHYKKLPPAQLIYCTKEYDPICGSDGKTYKNDCFFCSKVKETRGY
LEFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPS VFLFPPKPK DTLYITREPEVTCVVVD
VSHEDPEVKEINWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGEEYKC
KVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOQGNVFSCSVMHEATLHNHYT
OQKBLSLSPGE

Spink-
18%.2¥F¢
(SEQ ID NO:

e
i3

IECAKOTKOMYDCSHYKELPPGOEHFUTREFDPICGSDGK TYENDCFFCSE VKR TDGT
LKFVHFGECEPKSCDK THTCPPCPAPEA AGGPSVFLFPPE PKDTLYITREPEVECVVVD
VSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNK ALPAPIEK TISK AKGOPREPQVY TLEPSREEMTK NOVSLTCLVKGF YESDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVDK SRWOQGNVFSCS VMHEALHNHYT
OKSLSLSPGK.

Spinks-
236.2F¢
{(SEQ 1D NO:
803

ECAKQTKOMVDOSHYKKLPPEQOLMCTREYDPICGSDGK TYKNDCFFCSK VKK TDG
TLKFVHFGRCEPK SCDKTHTCPPCPAPEAAGGPS VELFPPEPKDTLYITREPEVICVVYD
VSHEDPEVEFNWYVDGVEVHNAEKTKPREEQYNSTYRVVSVETVLHODWLNGKEYELC
KVSNKALPAPIEKTISKAKGOPREPQVYTLPFPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGOPENNYKTTPEVLDSDGSFFLY SKETVDKSRWQOQGNVEFSCSVMHEATHNHYT
QKSLSLSPGK

Spinks-
i112.2¥c
(SEQ 1D NO:
8D

ECAEQTKOMVDCSHYEKKLPPEQELYCIREYDPICGSDGKTYENDCFFCSEVKETDGT
LXKFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLYITREPEVICVVVD
VSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYEC
KYANKALPAPEKTISKAKGQPREPOVYTLPPSREEMTEKNQVILTCLVEGFYPSIHAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

4G~
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Sprak®-
194.2¥F¢
(SEQ I NO:
82)

TECAKOTEOMVDCSHYKKLPPMOTEWCTREY DPICGS DGR TY KNDCFFCSK VKK TDG
TLKFVHFGKCEPK SCDK THTCPPCPAPEAAGGPS VFLFPPKPKDTLYITREPEVTCVVYD
VSHEDPEVKENWY VDGVEVHNAK TKPREEQY NSTYRVVSVL TVLHGDWLNGEEYKC
KVSNK ALPAPIEK TISK AKGOPREPQVY TLEPSREEMTK NQVSLTCLVK GFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFL Y SKLTVDKSRWOQOGNVESCS VMHEALHNHY T
OKSLSLSPGK,

Spink$-
245.2¥¢
(SEQ ID NO:

.~
83}

IECAKQTKOMVDCSHYKKLPPNOTYY CTREYDPICGSDOR TYKNDCFFCSK VEKTDG
TLKFVHFGECEPK SCDK THTCPPCPAPEAAGGPS VFLFPPEPK DTLYITREPEVTCOVV YD
VSHEDPEVEFNWYVDGVEVENAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYEC
KVSNKALPAPIEK TISK AKX GOPREPQVY TLEPSREEMTK NOVSLTCLVK GFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVOK SRWQQGN VFSCSVMHEALENHYT
OQKSLSLSPGK.

Spink9-
20.2F¢

(SEQ ID NO:
843

ECAKQTKOMVDOSHYKKLPPLOEWY CTKDYDPICGSDGKTYKNDCFFCSKVEKTDG
TLKFVHFGKCEPK SCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLYITREPEVICVVVD
VSHEDPEVEFNWYVDGVEVHNAETKPREEQYNSTYRVVIVLTVLHODWLNGKEYRL
KVENKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSBIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOOGNVESCSVMHEALHNHYT
QKSLSLSPGK

Spink9-
21.2F¢

(SEQ ID NO:
85)

ECALQTKOMVDUSHYEKLPPVOEL Y CTREYDPICGSDORTYKNDUFFCSK VEK TDGT
LKFVHFGK CEPKSCDK THTCPPCPAPEAAGGPS VFLFPPK PKDTLYITREPEVTICVVVD
VSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALPAPEK TISKAKGQPREPOVY TLPPSREEMTENQVALTCLVEGFYPSDIAVE
WESNGQPENNYK TTPPVLDSDGSFFLY SKLTVDKSEWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

Spink9~
73.2F¢

(SEQ D NO:
86)

IECAKOTKOMVDCSHYRKLPPMOAYHCTREY DPICGSDGE TYKNDCFFOSKVEK TDG
TLKFVHFGKCEPKSCDE THTCPPCPAPEAAGGPS VELEPPK PEDTL Y ITREPEVTCYVVD
VSHEDPEVKFNWY VDGVEVHNAK TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALPAPIEK TISKAKGOPREPQVY TLPPSREEMTENGVSLTCLVEGFYPSDIAVE
WESNGOPENNYE TTPPVLDSDGSFFLY SKLTVDK SR WOQGNVESCS VMHEALHNHY'T
QKSLSLSPGK

Spink®~
2311.2¥¢
(SEQ I NO:
87

IECAKQTKOMVDCSHYKKLPPGOEDFCTREYDPICGSDGKTYKNDCFFCSKVRKKTDGT
LEFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPS VFLFPPKPK DTLYITREPEVTCVVVD
VSHEDPEVKEINWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGEEYKC
KVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOQGNVFSCSVMHEATLHNHYT
OQKBLSLSPGE

Spink-
232.2¥¢
(SEQ ID NO:
8%)

TECAKOTEOMVDCSHYKELPPGOIL Y CORDYDPICGSDOR TY K NDCFFCSKVER TDGT
LKFVHFGECEPKSCDK THTCPPCPAPEA AGGPSVFLFPPE PKDTLYITREPEVECVVVD
VSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNK ALPAPIEK TISK AKGOPREPQVY TLEPSREEMTK NOVSLTCLVKGF YESDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVDK SRWOQGNVFSCS VMHEALHNHYT
OKSLSLSPGK.

Spinks-
237.2F¢
{(SEQ 1D NO:

89)

ECAKQTKOMVDOSHYKKLPPEGEWY CSREYDPICGSDGKTYKNDCFFCSK VKK TDG
TLKFVHFGRCEPK SCDKTHTCPPCPAPEAAGGPS VELFPPEPKDTLYITREPEVICVVYD
VSHEDPEVEFNWYVDGVEVHNAEKTKPREEQYNSTYRVVSVETVLHODWLNGKEYELC
KVSNKALPAPIEKTISKAKGOPREPQVYTLPFPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGOPENNYKTTPEVLDSDGSFFLY SKETVDKSRWQOQGNVEFSCSVMHEATHNHYT
QKSLSLSPGK

Spink9-3.2F¢
(SEQ ID NO:
90)

ECAEQTKOMVDCSHYEKLPPDOFMKCTREYDPICGSDOKTYKNDCFFCSK VEKTRG
TLKFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPS VFLFPPKPKDTLYITREPEVICVVVE
VSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYEC
KYANKALPAPEKTISKAKGQPREPOVYTLPPSREEMTEKNQVILTCLVEGFYPSIHAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

i
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Sprak®-
162.2¥F¢
(SEQ I NO:

N
38

TECAKOTEOMVDCSHYKKLPPNGTEFCSREY DPICGSDGK TYENDCFFCSEVKE TDGT
LKFVHFGKCEPK SCDK THTCPPCPAPEAAGGPS VFLFPPK PKDTLYITREPEVTOVVYD
VSHEDPEVKENWY VDGVEVHNAK TKPREEQY NSTYRVVSVL TVLHGDWLNGEEYKC
KVSNK ALPAPIEK TISK AKGOPREPQVY TLEPSREEMTK NQVSLTCLVK GFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFL Y SKLTVDKSRWOQOGNVESCS VMHEALHNHY T
OKSLSLSPGK,

Spink$-
183.2¥F¢
(SEQ ID NO:

92)
4L)

IECAKQTEOMVDCSHYKKLPPSOEHWUTRE Y DPICGSDOK TYK NDCFFCSE VKR TDG
TLKFVHFGECEPK SCDK THTCPPCPAPEAAGGPS VFLFPPEPK DTLYITREPEVTCOVV YD
VSHEDPEVEFNWYVDGVEVENAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYEC
KVSNKALPAPIEK TISK AKX GOPREPQVY TLEPSREEMTK NOVSLTCLVK GFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVOK SRWQQGN VFSCSVMHEALENHYT
OQKSLSLSPGK.

Spink9-
202.2F¢
(SEQ ID NO:
933

ECAKQTKOMVDOSHYKKLPPKOSEYCTREYDPICGSDGK TYKNDCFFCSKVKKTDRGT
LKFVHFGRCEPKSCDKTHTCPPCPAPEAAGGPSVFLFPFKPKDTLYITREPEVICVVVD
VSHEDPEVEFNWYVDGVEVHNAETKPREEQYNSTYRVVIVLTVLHODWLNGKEYRL
KVENKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSBIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOOGNVESCSVMHEALHNHYT
QKSLSLSPGK

Spink9-
74.2¥¢

(SEQ ID NO:
94)

ECALQTKOMVDUSHYEKLPPHOY U TREYDPICGSDGR TY KNDCFFCSK VEK TDGT
LKFVHFGK CEPKSCDK THTCPPCPAPEAAGGPS VFLFPPK PKDTLYITREPEVTCVVVD
VSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALPAPEK TISKAKGQPREPOVY TLPPSREEMTENQVALTCLVEGFYPSDIAVE
WESNGQPENNYK TTPPVLDSDGSFFLY SKLTVDKSEWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

Spink9~
30.3F¢

(SEQ D NO:
95)

IECAKOTKOMVDCSHYKKLPPEQVSWOTREYDPICGSDGR TYKNDUFFCSK VRKTDG
TLKFVHFGKCEPKSCDR THTCPPOPAPEAAGGPS VELEPPK PEDTLMISR TPEVTCVVY
DVSHEDPEVKFNWYVDGVEVHENAKTKPREEQYNSTYRVVSVLTVEHGDWLNGKEVK
CKVSNKALPAPIEK TISK AK GOPREPQVY TLPPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGOPENNYE TTPPVLDSDGSFFLY SKLTVDK SR WOQGNVESCS VMHEALHNHY'T
QKSLSLSPGK

Spink®~
112.3K62G Fe
(SEQ D NO:

96)

IECAKQTKOMVDCSHYKKLPPEQELY CTREYDPICGRDGKTY GNDCFFCSKVEKTDGT
LEFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRTPEVICVVVD
VSHEDPEVKEINWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGEEYKC
KVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOQGNVFSCSVMHEATLHNHYT
OQKBLSLSPGE

Spink-
183.3¥¢
(SEQ ID NO:

973
97>

TECAKOTEOMVDCSHYKKLPPOOOAY CTRDYDPICGSDOKTY KNDCFFCBK VER TDG
TLKFVHFGECEPKSCDK THTCPPCPAPEA AGGPSVFLFPPEPKDTLMISRTPEVICVVV
DVSHEDPEVEFNWY VDGVEVHNAK TKPREEQYNSTYRVVSVLTVLHODWLNGKEYE
CKVSNKALPAPIEK TISK AKGOPREPOVY TLPESREEMTENGVSLTCLVEGEYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVDK SRWOQGNVFSCS VMHEALHNHYT
OKSLSLSPGK.

Spinks-
186.3¥¢
{(SEQ 1D NO:
983

ECAKQTKOMVDOSHYKKLPPAQLIYCTKEYDPICGSDGK TYKNDCFFOSKVKKTIDGT
LKEVHFGRCEPKSCDKTHTCPPCPAPEAAGGES VFLFPPE PKDTI MISRTPEVTCVVVD
VSHEDPEVEFNWYVDGVEVHNAEKTKPREEQYNSTYRVVSVETVLHODWLNGKEYELC
KVSNKALPAPIEKTISKAKGOPREPQVYTLPFPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGOPENNYKTTPEVLDSDGSFFLY SKETVDKSRWQOQGNVEFSCSVMHEATHNHYT
QKSLSLSPGK

Spinks-
i89.3%Fc¢
(SEQ 1D NO:
99)

ECAEQTKOMVDCSHYEKLPPGOQEHFCTREFDRPICGSDCGE TYKNDCFFOSKVEKTDGT
LKFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRTPEVICVVVD
VSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYEC
KYANKALPAPEKTISKAKGQPREPOVYTLPPSREEMTEKNQVILTCLVEGFYPSIHAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

B &~
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Sprak®-
236.3Fc

(SEQ D NO:

100)

IECAKQTEKOMVDCSHYKKLPPEQOLMCTREYDPICGSDGK T YK NDCPFCSEVKETRG
TLEFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPSVELFPPRKPKDTLMISRTPEVTCOVVY
DVSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CKYSNKALPAPIEK TISK AKGOPREPQVY TLPPSREEMTENQVSLTCLVEGEYPSDIAVE
WESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOGNVFSCSVMHEALHNHYT
OKSLSLSPGE

Spink$-
112.3¥¢

(SEQ Il NO:

101y

IECAKOTEOMVOCSHYKELPPEOELY CTREY DPICGSDOR TYKNDCFFCSK VEKTDGT
LKFVHFGKCEPK SCDK THTCPPCPAPEAAGGPS VFLEPPK PK D TLMISR TPEVTCVY VD
VSHEDPEVEFNWYVDGVEVENAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYEC
KVSNKALPAPIEK TISK AKX GOPREPQVY TLEPSREEMTK NOVSLTCLVK GFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVOK SRWQQGN VFSCSVMHEALENHYT
OQKSLSLSPGK.

Spink9-
i94.3¥F¢

(SEQ ID NO:

102)

ECAKQTKOMVDCSHYKKLPPMOTEWCTKEYDPICGSDGKTYKNDCFFCSKVRKKTRG
TLKFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPS VFLFPPRKPKDTLMISRTPEVTCVVY
DVSHEDPEVEKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CKVSNKALPAPIEKTISK AKGOPREPQ VY TLPPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOOGNVESCSVMHEALHNHYT
QKSLSLSPGK

Spink9-
243.3F¢

(SEQ ID NO:

10%)

ECAKOTKOMYDCSHYEKLPENGTVYCTREY DPICGSDGK TYENDCFFCSKVKKTDG
TLKFVHFGKCEPKSCDK THTCPPCP APEAAGGPS VFLFPPK PKDTLMISRTPEVTCVVY
DVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CEVSNEALPAPIEK TISK AKGOPREPQVY TLPPSREEMTK NQVSLTCLVKGFYPSDIAVE
WESNGQPENNYK TTPPVLDSDGSFFLY SKLTVDKSEWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

Spink9~
20.3F¢

(SEQ ID NO:

104

IECAKOTKOMVDCSHYRKLPPLOEWY CTKDY DPICGSDGETY KNDCFFOSKVEKTDG
TLKFVHFGKCEPKSCDR THTCPPOPAPEAAGGPS VELEPPK PEDTLMISR TPEVICVVY
DVSHEDPEVKFNWYVDGVEVHENAKTKPREEQYNSTYRVVSVLTVEHGDWLNGKEVK
CKVSNKALPAPIEK TISK AK GOPREPQVY TLPPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGOPENNYE TTPPVLDSDGSFFLY SKLTVDK SR WOQGNVESCS VMHEALHNHY'T
QKSLSLSPGK

Spink®~
231.3F¢

(SEQ D NO:

IECAKQTKOMVDCSHYKKLPPVOELY CIREYDPICGSDGKTYENDCFFCSKVKKTDGT
LEFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRTPEVICVVVD
VSHEDPEVKEINWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGEEYKC

105) KVSNK ALPAPIEK TISKAKGOPREPQVY TLPPSREEMTENQVSLTCLVKGFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESCS VMHEALHNHY'T
QKSLILSPGK
Spinks- TECAKOTEOMVDCSHYKELPPMOA YHCTRE Y DPICGSDGK TYENDCPFCSE VKE TDG
73.3F¢ TLKFVHFGECEPKSCDK THTCPPCPAPEA AGGPSVFLFPPEPKDTLMISRTPEVICVVV
(SEQ ID NO: | DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYE
106) CKVSNKALPAPIEK TISK AKGOPREPOVY TLPESREEMTENGVSLTCLVEGEYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVDK SRWOQGNVFSCS VMHEALHNHYT
OKSLSLSPGK.
Spinkd- ECAKQTKOMVDOSH VKK LPPGOEDFCTREY DPICGSDGE TY KNDCFFCSKVEKTDGT
211.3¥F¢ LKEVHFGECEPK SCDK THTCPPCPAPEAAGGES VFLFPPEPKD TLMISR TPEVTCVYVD
(SEQID NO: | VSHEDPEVEFNWYVDGVEVHN AKX TKPREEQYNSTYRVYSVLTVLHODWLNGKEYKD
107) KVSNKALPAPIEK TISKAKGOPREPQVY TLPPSREEMTK NOVSLTCLVKGFYPSDIAVE
WESNGOPENNYK TTPEVLDSDGSFELY SKLTVDK SRWOQGNVFSCSVMHEALHNHYT
OK.SLSLSPGK
Spinkd- ECALOTROMYDOSH YEKLPPGOIL YCGRDY DPICGS DGR 1Y KNDCFECSKVKKTDGT
212.3F¢ LKFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPS VFLFPPK PKDTLMISRTPEVTCVVVD
(SEQID VSHEDPEVEFNWY VDGVEVHNAK TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
NO:108) KVENKALPAPEK TISKAKGOPREPQVY TLPPSREEMTENOVSLTCLVEGEYPSDIAVE

WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

-49.
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Spinks- TECAKOTEOMVDCSHYKKLPPEQEWYCSRE YDPICGSDGK TYENDCPFCSE VRKE TR G

237.3F¢ TLKFVHFGKCEPKSCDK THTCPPCPAPEA AGGPSVFLFPPKPKDTLMISRTPEVICVVV

(SEQ D NG | DVSHEDPEVEFNWY VDGVEVHNAKTK PREEQYNSTYRVVSVL TVLHOD WLNGKEYE

109) CK VSNKALPAPIEK TISK AKGOPREPOVY TLPPSREEMTENGQVSLTCLVEGFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFL Y SKLTVDKSRWOQOGNVESCS VMHEALHNHY T
OKSLSLSPGK,

Spink-33F¢ | IECAKQOTKOMVDCSHYKKLPPDOFMECTREY DPICGSDGK TYENDCEFCSKVKETDG

(SEQ 1D NO:
110)

TLEFVHFGECEPK SCDK THTCPPCPAPEA AGGPS VFLEPPEPKDTLMISR TPEVICVVV
DVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CKVSNKALPAPIEK TISK AKGOPREPQOVY TLPESREEMTENGVSLTCLVEGFYPSDIAVE
WESNGOPENNYK TTPPVLDSDGSFFLYSKLTVOK SRWQQGNVFSCSVMHEALENHYT
OQKSLSLSPGK.

Spink9-
i162.3¥F¢
(SEQ ID NO:
1D

ECAKQTKOMVDOSHYKKLPPNQTEFCSREYDPICGSDOK TYKNDOFFCSKVEKTDGT
LKFVHFGRCEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPK PKDTL MISRTPEVTCVVVD
VSHEDPEVEFNWYVDGVEVHNAETKPREEQYNSTYRVVIVLTVLHODWLNGKEYRL
KVENKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSBIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOOGNVESCSVMHEALHNHYT
QKSLSLSPGK

Spink9-
183.3F¢
(SEQ ID
NO:12y

ECALQTKOMVDUSHYEKLPPSQEHWCTREY DPICGSDGR TY KNDCFFCSK VEK TDG
TLKFVHFGKCEPKSCDK THTCPPOCPAPEAAGGPS VFLFPPKPKDTLMISRTPEVTCVVY
DVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CEVSNEALPAPIEK TISK AKGOPREPQVY TLPPSREEMTK NQVSLTCLVKGFYPSDIAVE
WESNGQPENNYK TTPPVLDSDGSFFLY SKLTVDKSEWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

Spink9~
202.3%¢
(SEQ D NO:
1133

IECAKOTKOMVDCSHYRKLPPROSEYCTREYDPICGSDGK TYKNDCFFCSKVKKTDGT
LEKFVHFGKCEPKSCDE THTCPPUPAPEAAGGPS VELEPPK PEDTLMISR TPEVTCVV YD
VSHEDPEVKFNWY VDGVEVHNAK TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALPAPIEK TISKAKGOPREPQVY TLPPSREEMTENGVSLTCLVEGFYPSDIAVE
WESNGOPENNYE TTPPVLDSDGSFFLY SKLTVDK SR WOQGNVESCS VMHEALHNHY'T
QKSLSLSPGK

Spink®~
74.3F¢

(SEQ I NO:
114)

IECAKQTKOMVDCSHYKKLPPHOYINCIREYDRPICGSDGK TYKNDCFFCSKVKKTDGT
LEFVHFGKCEPKSCDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRTPEVICVVVD
VSHEDPEVKEINWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGEEYKC
KVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOQGNVFSCSVMHEATLHNHYT
OQKBLSLSPGE

In certain embodiments, a SPINK® polypeptide comprises, congists of, or consisis

essentially of an amino acid sequence selected from the group consisting of SEQ ID NOS: §5-

114 as shown in Table 7 above, wherein 1 to 9 contiguous armino acids are deleted from the N

terminal end of the mutant SPINK9 domain (e.g., 1 to 9 contiguous amino acids selected from

IECAKQTKQ)

In certain embodiments, a SPINKO polypeptide comprises, consists of, or consists

essentially of an anmino acid sequence selected trom the group conststing of SEQ 1D NOS: 55-

114 as shown i Table 7 above, wherein 1 to 3 contiguous amino acids are deleted from the N

terminal end of the mutant SPINK9 domain {e.g., 1 10 3 anuno acids selected from TED).
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In certain embodiments, a SPINK® polypeptide comprises, consists of, or consists
essentially of an amine acid sequence selected from the group consisting of SEQ ID NOS: 55-
114 as shown in Table 7 above, wherein the first three amino acids are deleted from the N
terminal end of the mutant SPINKY domain {e.g., the amino acids FEC).

In some preferred embodiments, a SPINK9 polypeptide comprises, consists of, or
consists essentially of an amino acid sequence selected from the group consisting of SEQ ID

NOS: 137-139 as shown in Table 8 below.

Table 8: Exemplary mutant SPINK9S domain-containing Polypeptides

Spinkd- AKQTEKOMVDCSHYKKLPPEQELYCTREYDPICGIDGKTY GNDCFFCSK VEKTDGTLEKFVH
1i2.K62 FGRCEPKSCDKTHTCPPCPAPEAAGGPSVELFPPRKPKDTLIMISRTPEVTCVVVDVSHEDPEY
GFedA KENWYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWENGEEYKCKVSNKALPART
(SEQ 1D EKTISKAKGOPREPOVYTLPPSREEMTENGVSLTCLVKGFYPSDIAVEWESNGQPENNYKT

NG: 137y | TPPVLDSDGSFFLY SKLTVDKSRWOOGNVESCSVLHEALHSHYTORSLSLSPGK

Spink9-~ AKQTROMVDCSHYKKLPPEQELYCTREYDPICGSDGK TYGNDCFFCSKVEKTDGTLKFVH
112.2K62 | FGKCEPKSCDKTHTCUPPCPAPEAAGGPSVELFPPKPRKDTLYITREPEVTCVVVDVSHEDPEY
GEeAZ KFNWYVDGVEVHNAKTKPREEQYNSTYRVYSVLTVLHODWLNGKEYK CK VSNK ALPAPE
(SEQ ID EKTISKAKGQOPREPQVYTLPPSREEMTRNQVSLTCLVKGFYPSDIAVEWESNGOQPENNYKT
NO: 138y | TPPVLDSDGSFFLY SKLTVDRKSRWOOGNVESCSVMHEALHNHYTOKSLSLSPGK

Spink%- ARQTKOMVDCSHYRKLPPEQELYCTREYDPICGSDGKTYGNDCFFCSE VKR TDGTLKEFVH
1123862 | FOKCEPKSCDKTHTCPPCPAPEAAGGESVFLFPPKPRKDTLMISRTPEVTCVVVDYSHEDPEV

G.FcAd KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWENGKEYKCKVENKALPAPE
(SEQ ID EETISKAKGOPREPOVYTLPPSREEMTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKT

NG 139y | TPPVLDSDOSFELY SKLTVRKSRWOQGNVESCSVMHEALHNHY TORSLSLSPGK

A SPINKS polypeptide may also mnclude additional modifications that vupact a property
of a SPINKS polypeptide, such as, but not imuted to, increasing a deswable therapeutic property
{e.g., serum half-life} and providing a simple means of purification.

In some embodiments, a SPINKO polypeptide 1ncludes one or more linkages other than
peptide bonds such that at least two adjacent amino acids are joined via a hinkage other than an
amide bond. The use of non-peptide bonds may be used to reduce or eliminate undesired
proteclysis or degradation, to increase stability m a physiclogical environment after
administrafion 1o a subject, to 1ncrease or decrease conformational flexibility, or a combination
of the foregoing. Suitable non-peptide bonds mclude, but are not limuted to, -CHoNH-, ~-CHaS-, -
CHRCHg-, -CH=CH- (cis and trans}, ~COCHo-, -CH{(OH)CHz- and ~-CH:80-. Other alternatives
inchude amide bioisosteres such as, but not himited to, 1,2, 3-triazole, oxadiazole, imidazole,

tetrazole, pyrazole, indole, pyridine, pyrazine, retroinverted and reverse amide, urea, olefin,
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fluorcalkene, trifluoroethylamine, amidine, ester, sulfonamide, phosphonamidate, thicamide, and
carbamate (Kumari, (2020) J Med. Chem. 63(21), 12290-12358).

In some embodiments, a SPINKS polypeptide is modified by the addition of polyethylene
elycol (PEG), a PEG mimetic, polypropylene glycol, or polyoxyalkylenes. Such modifications
have been shown to increase physical and thermal stability, protect against enzymatic
degradation, increase solubility, increase in-vivo circulating half-life, decrease clearance, reduce
immunogenicity and antigenicity, and reduce toxicity. Suitable PEG molecules are generally
soluble 10 water at room ternperature and have the general formula R{(O-CHz-CH2)n0O-R, where R
15 hydrogen or a protective group {e.g., an alkvl or an alkanol group), and where n 15 an teger
from 1 to 1000. A suitable PEG may be linear or branched. In some embodiments, a suitable
PEG has a number average molecular weight (M) between 4,000 and 10,000 Daltons, although
other Ma may be used. PEG may be bound to a SPINK®S polypeptide via a spacer comprising a
terminal reactive group. The spacer may be, for example, a termnal reactive group that mediates
a bond between the free amino or carboxyl groups of one or more amno acids and polyethylene
alycol.

In some embodiments, a SPINKS polypeptide 18 modified by altering the naturally
occurring glycosylation pattern. Glycosylation can dramatically affect the physical properiies of
protemns and can also be important n protein stability, secretion, and subeellular localization.
Addition of glycosylation sites can be accomplished by altering the amino acid sequence, such as
substitution of a naturally occurring amine acid with one or more serine or threonine residues
{for O-linked glycosylation sites) or asparagine residues {for N-linked glycosylation sites}.
Another means of increasing the number of carbohydrate moieties on a polypeptide is by
chemical or enzymatic coupling of glycosides to the polypeptide. Removal of carbohydrates may
be accomplished chemically or enzymatically, or by substitution of codons encoding amino acid
residues that are/can be glycosylated. Chemical deglycosylation techniques are known, and
enzymatic cleavage of carbohydrate moteties on polypeptides can be achieved by the use of a

variety of endo- and exo-glycosidases.

Nucleic Acids
Provided herein are nucleic acid molecules that encode the polypeptides described herein.
The nucleic acids may be present, for example, in whole cells, in a cell lysate, or 1n a partially

purified or substantially pure form. A nucleic acid molecule described herein can be isolated
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using standard molecular biology techniques and the sequence information provided herein. For
example, nucleic acids corresponding to the nuclestide sequence encoding one or more of the
polypeptides disclosed herein can be prepared by standard techniques known in the art.

The present disclosure provides vectors {e.g., a viral vector, such as an adenovirus-based
expression vector) that contain the nucleic acid molecules described herein. A vural vector may
contain additional DNA segments that may be ligated into the viral genome. Certain vectors are
capable of autonomous replication in a host cell into which they are introduced {e.g., bacterial
vectors having a bacterial origin of rephication, or episomal mammalian vectors). Other vectors
{e.g., non-episomal mammalian vectors) can be integrated into the genome of a host cell upon
mtroduction into the host cell, and thereby be replicated along with the host genome. Moreover,
certain vectors are capable of directing the expression of genes. Such vectors are referred to
herein as “recombinant expression vectors” {or simply, “expression vectors”). In some
erobodiments, provided herein are nucleic acids operable linked to one or more regulatory
sequences {e.g., a prometer) in an expression vector. In some embodiments, the cell transcribes
the nucleic acid provided heremn and thereby expresses an antibody, antigen-binding fragment
thereof, or peptide described herein. The nucleic acid molecule can be integrated o the genome
of the cell, or it can be extrachromosomal.

In some embodiments, the nucleic acid vectors or recombinant adenoviruses provided
herein encode a polypeptide disclosed herein or otherwise conternplated herein. In some
embodiments, the nuecletc acid vectors comprise nucleic acid sequences that have undergone
codon optimization. In such embodiments, a coding sequence 1s constructed by varying the
codons in each nucleic acid used to assemble the coding sequence. In general, a method to
identify a nucleotide sequence that optimizes codon usages for production of a peptide comprises
at least the following steps (a} through {(e}. In step (a), oligomers are provided encoding portions
of the polypeptide containing degenerate forms of the codon for an amino acid encoded in the
portions, with the oligomers extended to provide flanking coding sequences with overlapping
sequences. In step (b}, the oligomers are treated to effect assembly of the coding sequence for the
peptide. The reassembied peptide 15 included in an expression system that is operably linked to
control sequences to affect its expression. In step {c), the expression system is transfected into a
culture of compatible host cells. In step (d), the colonies obtained from the transformed host cells

are tested for levels of production of the polypeptide. In step (e}, at least one colony with the
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highest or a satisfactory production of the polypeptide is obtained from the expression system.
The sequence of the portion of the expression sysiem that encodes the protein is determined.
Further description of codon optimization 15 provided in U.S. Patent Publication number
US2010/035768, which is incorporated by reference for such teachings.

Also provided herein are host cells, comprising the nucleic acids or the vectors described
herein. The polypeptides provided herein {e. g, polypeptides comprising at least one mutant
SPINK 9 domain) can be isolated from cells or tissue sources by an appropriate purification
scheme using standard protein purification techniques, can be produced by recombinant DNA
technigues, and/or can be chemically synthesized using standard peptide synthesis techniques.
The peptides described herein can be produced in prokaryotic or eukarvotic host cells by
expression of nucleotides encoding a peptide(s) of the present mvention. Alternatively, such
peptides can be synthesized by chemical methods. Methods for expression of heterologous
peptides i recombinant hosts, chemical synthesis of peptides, and in vitro translation are well
known in the art and are described further in Mamatis et al., Molecular Cloning: A Laboratory
Manual {1989), 2ud Ed., Cold Spring Harbor, N. Y, Berger and Kimmel, Methods in
Enzymology, Volume 152, Gude to Molecular Cloning Techniques (1987}, Academic Press,
Inc., San Diego, Calif; Merrifield, I (1965} }. Am. Chem. Soc. 91:501; Chaiken 1 M. (1981}
CRC Crit. Rev. Biochem. 11:255; Kaiser et al. (1989} Science 243:187, Merrifield, B. (1986)
Science 232:342; Kent, 8. B. H. (1983} Annu. Rev. Biochem. 57:957; and Offord, R E. (1980}

Semisynthetic Proteins, Wiley Publishing, which are incorporated herein by reference.

Methods of Use

The present mvention provides SPINKS polypeptides, and pharmaceutically acceptable
salts thereof, that are useful for treating or preventing a disease or condition characterized by
aberrant kallikrein activity.

In certain aspects, the invention provides a SPINK9 polvpeptide, or a pharmaceutically
acceptable salt thereof, for use as a medicament.

In certain aspects, methods of treating or preventing a disease or condition characterized
by aberrant kallikremn activity are provided. The method includes the step of administering to a
subject in need thereof an amount of a SPINK9 polypeptide, or a pharmaceutically acceptable
salt thereof, thereby treating or preventing the disease or condition characterized by aberrant

kallikrein activity. By reducing kallikrein activity in the subject, the disease or condition
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characterized by aberrant kallikrein activity is treated. 1n some embodiments, a therapeutically
effective amount is administered to the subject.

Alternatively, in certain aspects, a SPINKY polypeptide disclosed herein, or a
pharmaceutically acceptable salt thereof] 15 provided for treatment of a disease or condition
characterized by aberrant kallikrein activity.

Alternatively, in certain aspects, the invention provides the use of a SPINKS polypeptide
disclosed herein, or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament for use in treatment of a disease or condition characterized by aberrant kallikrein
activity.

As used herein, a “disease or condition characterized by aberrant kallikrein activity”
refers to any disease or condition in which it 1s deswrable to reduce kallikvein activity {e.g., KLKS
activity). For example, it may be desirable to reduce kallikren activity in the setting of
inappropriate activation or hyperactivation of kallikremn.

In certamn embodiments, the disease or condition characterized by aberrant kallikrein
activity is characterized by aberrant KLKS activity.

In certain embodiments, the disease or condition characterized by aberrant kallikrein
activity s a skin disease.

In certain embodiments, the skin disease 13 eczema, atopic eczema, atopic dermatitis,
autosomal recessive wchthyosis, ichthyosiform ervthroderma (1E), psoniasis, UV-induced skin
njury, rosacea, or a skin infection.

In certain embodiments, the disease or condition is Netherton Syndrome.

In certain embodiments, the disease or condition characterized by aberrant kallikrein
activity is selected from the group consisting of hypersensitivity of the immune system {atopy),
hyper IgE syndrome, allergies (including allergies to food and airborne agents), asthma, allergic
asthma, chronic mflammation, rhinitis, conjunctivitis, angioedema, eosinophilia, eosinophilic
esophagtiis, growth delay, failure to thrive, trichorrhexis invaginata (T1), bacterial infections of
the skin, respiratory tract infecticons, systemic infections and gastrointestinal disorders.

In certain embodiments, the disease or condition is cancer. The cancer may be selected
from ovarian cancer, uterine cancer, colorectal cancer, bladder urothelial cancer, oral squamous
cell carcinoma, breast cancer, prostate cancer, bladder cancer, cervical cancer, melanoma, head

and neck cancer glioma, glioblastoma multiforme, and neuroblastoma.
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Compositions

Disclosed herein are compositions, including pharmaceutical compositions, comprising a
SPINK S polypeptide described herein, the nucleic acids described herein, the vectors described
herein, and/or the cells described herein. The compositions of the present invention are useful for
treating or preventing vartous diseases characterized by aberrant kallikrein activity {e.g.,
proteases of the kallikrein-related peptidase family, in particular aberrant KLKS activity).

The pharmaceutical compositions provided herein may contain an amount of a SPINK%
polypeptide, mcluding a therapeutically effective amount, to treat an individual 1o need thereof.
In certamn embodumnents, the individual 1s a mammal such as a human, or a non-human animal.
When admuustered to a human, or a non-human animal, the composition {or otherwise the
polypeptude) 1s preferably adnurnistered as a pharmaceutical composition comprising, for
example, a SPINKO polypeptide disclosed herein and a pharmaceutically acceptable carrier,
Pharmaceutically accepiable carriers are well known in the art, and except insofar as any
conventional carrier is incompatible with a substance or its derivatives, such as by producing any
undesirable biclogical effect or otherwise interacting m a deleterious manner with any other
component(s} of the composition, its use 13 contemplated to be within the scope of this present
disclosure. In preferred embodiments, when such pharmaceutical compositions are for human
administration, particularly for invasive routes of administration {i.e., routes, such as injection or
maplantation, that circumvent transport or diffusion through an epithelial barrier), the
pharmaceutical composition 1s pyrogen-free, or substantially pyrogen-free. The carriers can be
chosen, for example, to effect delayed release of an agent, to produce a desired pH range, to
stabilize a Spink9 polypeptide, to modulate absorption of a Spink9 polypeptide, to modulate a
desired pharmacokinetic or pharmacodynamic property of a Spink9 polypeptide, to selectively
target one or more cells, tissues or organs, or any combination of the foregoing.

Such pharmaceutically accepiable carriers include, but are not limited to, water, other
fiquid vehicles, soivents, diluents, dispersion media, dispersion or suspension aids, surfactants,
surface active agents, isotonic agents, thickening agents, emulsifying agents, preservatives,
antioxidanis {such as ascorbic acid or glutathione), chelating agents, solid binders, lubricants,
sugars {such as dextrans, lactose, glucose and sucrose), starches (such as corn starch and potato
starch), cellulose, and its derivatives (such as sodium carboxymethyl cellulose, ethvl cellulose

and cellulose acetate), otls, {(such as peanut oil, cottonseed oil, safflower cil, sesame oil, olive ot}
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corn otl and sovbean oil), glyeols {such as propylene glycoly, polvols {such as glycerin, sorbitol,
mannitol and polyethylene glycol), esters (such as ethyl oleate and ethyl laurate}, buffering
agents (such as magnesium hydroxide and aluminum hydroxide, isotonic saline, Ringer's
solution, phosphate buffer solutions), osmolality adjusting agents, and stabilizing agents. The
choice of & pharmaceutically acceptable carrier may depend on, for example, the route of
adminustration of the composition. The preparation of a pharmaceutical composition can be a
self~emulsifying drug delivery system or a self-microemulsifving drug delivery system. The
pharmaceutical composition {preparation) also can be a liposome or other polymer matrix, which
can have incorporated therem, for example, a SPINK polypeptide disclosed herein. Liposomes,
for example, which comprise phospholipids or other lipids, are nontoxic, physiologically
acceptable and metabolizable carriers that are relatively simple to make and adromnister,

The pharmaceutical composition can be provided in a unit dosage form. The phrase “untt
dosage form” refers to physically discrete units, each unit containing a predetermined amount of
a composition comprising a Spink® polypeptide, either alone or in combination one or more
additional therapeutic agents, sufficient to produce the desired effect. It will be appreciated that
the parameters of 8 unit dosage form will depend on the mode of admmistration, the particular
SpinkS polypeptide and the effect to be achieved. Suitable doses of a Spink9 polypeptide are
disclosed herein. The pharmaceutical composiiion can also be a solution, particularly a hquid
solution, suitable for parenteral admimstration, particularly subcutaneous or intravenous
admimustration. The pharmaceutical composition can also be present in a lyophilized or powder
form for reconstitution with a fiquid solution suitable for parenteral administration, particularly
subcutaneous or intravencus administration.

A pharmaceutical composition (preparation) can be adminustered to a subject by any of a
number of routes of administration including, for example, parenteral administration; oral
admunistration (for example, as a component of a liposome); administration through the oral
mucosa {e.g., sublingually); transdermal administration (for example as a patch applied to the
skin); topical admmistration {for exarmple, as a cream, omntment or spray applied to the skin); or
by adminisiration by inhalation. The phrases "parenteral admunistration” and "administered
parenterally” as used herein means modes of administration other than enteral and topical
administration, usually by injeciion or infusion, and includes, without hmitation, subcutaneous,

mtravenous, intraocular {such as intravitreal}, intramuscular, intraarterial, intrathecal,
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intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous,
subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal and intrasternal injection and
infusion. In one embodiment, the mode of administration is via subcutaneous administration. In
another embodiment, the mode of adnunistration is via mtravenous administration.

Details of appropriate routes of administration and compositions suitable for same can be
found in, for example, U.S. Pat. No. 11,246,906 and International Publication WO 2022/099963.

The amount of SPINK9 polypeptide that can be combined with a pharmaceutically
acceptable carrier to produce a single dosage form will vary depending upon the host heing
treated, the particular mode of adromnistration, and the disease or condition to be treated. In some
embodiments, a SPINK9 polypeptide 1s present in a range of from about 1 percent to about 99
percent, from about 1 percent to about 90 percent, from about 1 percent to about 75 percent, from
about | percent to about S0 percent, from about 1 percent to about 40 percent, from about 1
percent to about 30 percent, from about | percent to about 20 percent, or from about | percent to
about 10 percent.

Diosage forms for the topical or transdermal admimstration inclode powders, sprays,
olntments, pastes, creams, lotions, gels, solutions, patches and inhalanis. The active compound
may be mixed under sterile conditions with a pharmaceutically acceptable carrier, and with any
preservatives, buffers, or propeliants that may be required.

The omtments, pastes, creams and gels may contain, m addition to an active compound,
excipients, such as anmal and vegetable fats, oils, waxes, paraffing, starch, tragacanth, cellulose
derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc and zinc oxide, or
mixtures thereof,

Transdermal patches have the added advantage of providing controlled delivery of a
compound of the present invention to the body. Such dosage forms can be made by dissolving or
dispersing the active compound in the proper medium. Absorption enhancers can also be used to
increase the flux of the compound across the skin. The rate of such flux can be controlled by
either providing a rate controlling membrane or dispersing the compound in a polymer matrix or
gel.

Powders and sprays can contain, in addition to an active compound, excipients such as

lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and polyamide powder, or
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mixtures of these substances. Sprays can additionally contain customary propellants, such as
chlorofluorchydrocarbons and volatile unsubstituted hydrocarbons, such as butane and propane.

Pharmaceutical compositions suitable for parenteral administration comprise a Spink9
polypeptide in combination with one or more pharmaceutically acceptable carries, such as, but
not limited to, sterile isotonic aqueous of nonaguecus solutions, dispersions, suspensions or
enutsions, or sterile powders which may be reconstituted into sterile injectable solutions or
dispersions just prior to use, which may contain antioxidants, buffers, bacteriostats, antifungal
agents, solutes which render the formulation sotonic with the blood of the intended recipient or
suspending or thickening agents.

These compositions may also contain preservatives, wetting agents, emulsifying agents
and dispersing ageuots. Prevention of the action of microorganisms may be ensured by the
melusion of various antibactenial and, for example, paraben, chlorobutanol, phenol sorbic acid,
and the bike. Tt moay also be destrable to include isotonic agents, such as sugars, sodium chloride,
and the hike into the compositions. In addition, prolonged absorption of the injectable
pharmaceutical form may be brought about by the inclusion of agents that delay absorption such
as aluminem monostearate and gelatin,

In some cases, in order to prolong the effect of a drug, 1t 1s desirable to slow the
absorption of the drug after admmistration, for example subcutaneous administration. This may
be accomplished through the use of depot injections 1o release a Spink? polypeptide disclosed
herein over a defined pertod of time. Depot mjections are usually etther solid- or oil-based and
generally comprise at least one of the pharmaceutically acceptable carriers described herem. In
certain embodiments, injectable depot forms are made by forming microencapsulated matrices of
the subject compounds in biodegradable polymers such as pelylactide-polyglycolide. Depending
on the ratio of drug to polymer, and the nature of the particular polymer employed, the rate of
drug release can be controlled. Examples of other biodegradable polymers include
poly{orthoesters) and pely(anhydrides). Depot mjectable formulations are also prepared by
entrapping the drug in liposomes or microemulsions that are compatible with body tissue. One of
ordinary skill in the art s familiar with possible formulations and uses of depot injections.

Methods of administration may also be provided by implantable or biodegradable

devices.
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After a pharmaceutical composition has been formulated, it can be stored in sterile
containers as a solution, suspension, gel, emulsion, solid, or dehydrated or lyophilized powder.
Such formulations can be stored either in a ready-to-use form, a lyophilized form requiring
reconstitution prior to use, a lguid form requiring dilution prior to use, or other acceptable form.
Preferably, the pharmaceutical composition is provided in a single-use container. Any drug
delivery apparatus can be used to deliver the pharmaceutical composition.

The present disclosure includes the use of pharmaceutically acceptable salis of a Spink®
polypeptide in the compositions and methods of the present invention. The present disclosure
also includes the use of a buffer salt in a composition comprising a Spink? polypeptide in the
composttions and methods of the present invention. In certain embodiments, contermplated salts
of the vention include, but are not himited to, citrate, acetate, alkyl, diatkyl, triatkyl or tetra-
alkyl ammontum salts. In certain embodinents, contemplated salts of the invention mclude, but
are not limted to, L-arginine, benenthamine, benzathine, betaine, calcium hydroxide, choline,
deanol, diethanolanmine, diethyvlamive, 2-{diethylarino)ethanol, ethanolamine, ethvienediamine,
N-methylglucamine, hydrabamine, 1H-midazole, hithium, L-lysine, magnesiam, 4-(2-
hydroxyethyDmorpholine, piperazine, potassium, 1-(2-hydroxyethylipyrrolidine, sodium,
irngthanolamime, tromethamine, and zing salts. Suitable salts for use with therapeutic
polypeptides are known in the art {Sikora et al,, (2020} Pharmaceuticals, 13, 442). In certain
embodiments, contemplated salts of the mvention include, but are not hmited to, Na, Ca, K, Mg,
Zn or other metal salts. In certain embodiments, contemplated salts of the mvention mclude, but
are not limited to, 1-hydroxy-Z-naphthoic acid, 2, 2-dichloroacetic acid, 2-hydroxyethanesulfonic
acid, 2-oxoglutaric acid, 4-acetamidobenzoic acid, 4-aminosalicylic acid, acetic acid, adipic acid,
f-ascorbic acid, l-aspartic acid, benzenesulfonic acid, benroic acid, (+}-camphoric acid, (+)-
camphor-10-sulfonic acid, capric acid {decansic acid), caproic acid (hexanoic acid), caprylic acid
{octanoic acid), carbonic acid, cinnamic acid, citric actd, eyclamic acid, dodecylsulfuric acid,
ethane-1,2-disulfonic acid, ethanesulfonic acid, formic acid, fumaric acid, galactaric acid,
gentisic acid, d-glucoheptonic acid, d-gluconic acid, d-glucuronic acid, glutamic acid, glutaric
acid, glycerophosphoric acid, glycolic acid, hippuric acid, hydrobromic acid, hydrochloric acid,
isobutyric acid, lactic acid, factobionic acid, lauric acid, maleic acid, I-malic acid, malonic acid,
mandelic acid, methanesulfonic acid | naphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic

acid, nicotinic acid, nitric acid, oleic acid, oxalic acid, palmitic acid, pamoic acid, phosphoric
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acid, proprionic acid, l-pyroglutamic acid, salicylic acid, sebacic acid, stearic acid, succinic acid,
sulfuric acid, I-tartaric acid, thiocyanic acid, p-toluenesulfonic acid, triflucroacetic acid, and
undecylenic acid salts.

Examples of pharmaceutically acceptable antioxidants include: (1) water-soluble
antioxidanis, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2} cil-soluble antioxidants, such as ascorbyl palmitate,
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyi gallate,
alpha-tocopherol, and the like; and (3) metal-chelating agents, such as ¢itric acid,
ethylenediamine tetraacetic acid {(EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

Useful dosages of a SPINK® polypeptide disclosed herein can be determined, at least
mutially, by comparing their in vitro activity and in vive activity 10 anumal models. Methods for
the extrapolation of effective dosages in mice, and other antmals, to humans are kouown m the art.
The amount of a SPINKS polypeptide may he varied 50 as to obtain an amount that is effective to
achieve the desired therapeutic response for a particular subject, composition, and mode of
admunistration, without being toxic to the subject.

The dose of a SPINK9 polypeptide adnmnistered will depend upon a variety of factors
mcluding the activity of the particular polypeptide, the route of administration, the time of
administration, severity of the disease, the rate of excretion, the duration of the treatment, other
active agents administered in combination, the age, sex, weight, condition, general bealth and
prior medical history of the subject being treated, and like factors well known m the medical arts.

A physician having ordinary skill in the art can determune and prescribe the amount of the
pharmaceutical composition required. For example, the physician could start doses of the
pharmaceutical composition or compound at levels lower than that required in order to achieve
the desired therapeutic effect and gradually increase the dosage unti! the desired effect is
achieved. A larger total dose can be delivered by multiple administrations of the agent. Methods
to determing efficacy and dosage are known to those skilled in the art (Isselbacher et al. {1996}
Harrison’s Principles of Internal Medicine 13 ed., 1814-1882, herein incorporated by reference).

In certain embodiments, the pharmaceutical compositions for administration, particularly
subcutaneous administration and intravenous administration, comprise a dose of a Spink®
polypeptide of: about 0.1 mg to about 30 mg; about 0.1 mg to about 40 mg; about 0.1 mg to

about 30 myg; about 0.1 my to about 20 myg; about 0.1 mg to about 15 mg; about 0.1 mg to about
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10 mg; about 0.1 mg to about 8 mg; about .1 mg to about 6 mg; about 0.1 mg to about 4 mg;
about 0.1 mg to about 2 mg; about 0.1 mg to about 1 mg; about 0.5 mg to about 50 mg; about 0.5
mg to about 40 mg; about 0.5 mg to about 30 mg; about 0.5 mg to about 20 mg; about 0.5 mg to
about 15 myg; about 0.5 myg to about 10 myg; about 0.5 myg to about 8 mg; about 0.5 mg to about 6
mg; about 0.5 mg to about 4 myg; about 0.5 mg to about 2 mg; about 1 mg to about SO mg; about
1 mg to about 40 mg; about 1 mg to about 30 mg; about 1 mg to about 20 mg; about 1 mg to
about 13 mg; about 1 mg to about 10 mg; about 1 mg to about 8 mg; about 1 mg to about 6 mg;
about 1 mg to about 4 myg; about 1 mg to about 2 mg; about 5 mg to about 50 mg; about S mg to
about 40 mg; about S mg to about 30 mg; about § mg to about 25 mg; about 5 myg to about 20
mg; about S mg to about 15 mg; about 3 mg to about 10 mg; about 5 mg to about 8 myg; about 10
mg to about S0 mg; about 10 mg to about 40 mg; about 10 mg to about 30 mg; about 10 mg to
about 25 myg; about 10 mg to about 20 mg; or about 10 mg to about 15 mg,

A dose of a Spink9 polypeptide to be admimistered, particularly for subcutaneous
administration and intravenous adnunistration, may also be expressed in terms of pg/kg.
Exemplary doses of a Spink9 polypeptide in terms of pg/kg range fromy: about 1 pg/ke to about
500 pg/kg; about 1 pg/ke to about 250 pg/kg; about 1 ug/kg to about 100 ug/kg; about 1 ug/kg to
about 50 ug/kg; about 1 ug/kg to about 25 ug/kg; about 1 ug/ke to about 15 pugike; about T ug/kg
to about 16 pg/kg; about T ug/e to about 5 pg/kg; about 5 pa/ke to about 560 pg/kg; about S
pg/ke to about 250 pg/kg; about 5 ugfkg to about 100 pe/kg; about 5 ug/ke to about 50 pg/ke;
about 5 ug/ke to about 25 pg/kg, about 5 pg/ks to about 15 pug/kg; about 5 ug/kg to about 10
ug/ke; about 15 pg/ke to about 500 ug/ke; about 15 pe/ke to about 250 ug/keg: about 15 pg'ke to
about 100 ug/ke; about 15 pg/ke to about 50 pg/ke; about 15 ug/kg to about 25 ug/ke; about 50
ug/ke to about 500 pg/kg; about 50 pg/kg to about 250 ug/ke; about 50 pg/ke to about 100
ne'kg; about 150 pg/ke to about 500 ng/kg, about 150 ug/kg to about 250 pe/keg; about 200
pe/ke to about 500 ug/kg, about 250 pe/ke to about 350 pg/kg; about 300 pg/ke to about 500
ne/kg; about 360 pg/ky to about 400 pe/ke; about 400 ug/ke to about 500 pug/kg. Further, a dose
in ug/kg may be calculated by dividing a fixed dose as described herein by 60-70 kg for an adult
subject or 15-50 kg for a pediairic subject.

In certain embodiments, a Spink9 polypepiide, either alone or as a part of a
pharmaceutical composition, is adnunistered according to a course of treatment. A course of

treatment may extend for a period of 1 week, 2 weeks, 3, weeks, 1 month, 2 months, three
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months, 4 months, 5 months, 6 months, 7 months, 8 months, ¢ months, 10 months, 11 months,
12 months, 16 months, 24 months, 36 months, 48 months, 60 months or longer. In certain
embodiments, the course of treatment is for the remainder of the life of the subject.

A subject may receive a single course of treatment or multiple (e, 1, 2, 3, 4, 5, or more)
courses of treatment. When a subject recetves muitiple courses of treatment, such multiple
courses of treatment may be consecutive (for example, a second course of treatment 1s inttiated
immediately after the first course of treatment is concluded) or such multiple courses of
treatments may be non-consecutive and separated by a non-treatment interval (for example, a
third course of treatment 1s initiated 1 month after the second course of treatment is completed).
Combinations of consecutive and non-consecutive courses of treatment way also be used (for
example, a third course of treatruent is mutiated 1 month after the second course of treatroent 1s
completed, and the second course of treatment 15 mtiated iromediately after the first course of
treatment 1s concluded). o certain aspects, the non-treatment interval 15 1 week, 2 weeks, 3
weeks, 4 weeks, 2 months, 3 months, 4 months, 5 months, 6 months, 7 mouths, 8 months, 9
months, 10 months, 11 months, 12 months, or longer.

A dosing regimen may be used with a course of treatment. When multiple courses of
ireatment are adnunistered to a subject, the dosing regimen may be the same for each course of
treatment or the dosage regimen may be different for one or more courses of treatment. In one
embodiment, a dosing regimen comprises adnunistering a Spink9 polypeptide during a course of
treatment as follows: about every 2 days, about every 3 days, about every 4 days, about every §
days, about every 6 days, about every 7 days, about every & days, about every 9 days, about
every 10 days, about every 11 days, about every 12 days, about every days 13 days, about every
14 days, about every 15 days, about every 16 days, about every 17 days, about every 18 days,
about every 19 days, about every 20 days, about every 21 days, about every 22 days, about every
23 davs, about every 24 days, about every 25 days, about every 26 days, about every 27 days,
about every 28 days, about every 29 days, about every 30 days, about every 45 days, about every
60 davs, about every 75 days, about every 90 days, about every 105 days, or about every 120
days.

Preferably, a subject receives multiple courses of treatment. In certain embodiments, the

Spink9 polypeptide is administered by a parenteral route of administration. In certain

-53-



WO 2024/020083 PCT/US2023/028123

embodiments, the Spink9 polypeptide is administered by subcutaneous administration. In certain
embodiments, the Spink® polvpeptide 15 administered by intravenous administration.

When a subject receives a course of treatment by subcutaneous administration, a Spink9
polypeptide may be injected at the same site on the subject for each dose of a dosing regimen
{for example, the upper arm} or imected at different site on the subject for one or more doses of a
dosing regimen {for example, the upper arm and the abdomeny). In certain embodiments,
subcutaneous administration is accomplished through the use of an implantable device.

In certamn embodiments, a SPINKS9 polypeptide disclosed heremn may be used alone or
conjointly administered with another type of therapeutic agent, for example, other agents that are
useful for treating or preveniing a disease or condition characterized by aberrant kallikren
activity. A SPINKO9 polypeptide disclosed heremn can also be administered in combination with
other therapeutic agents, for example, other agents that are useful for treating or preventing a
disease or condition characterized by aberrant KLEKS activity. In certain erabodiments, a SPINKS
polypeptide disclosed herein can also be admimstered in combination with one or more
mhibitors of a KLK family member, particularly a KLK family member downstrearm of KLKS
{such as, but not hmited to, KLK7 and KLK14). In certain embodiments, a SPINKS polypeptide
disclosed herein can also be admunistered in combination with one or more other therapeutic
agents that are useful for ireating or preventing Netherton Syndrome. For Example, and without
being bound by theory or methodology, “conjont administration” may refer to any form of
admimustration of a SPINKS polypeptide disclosed herein with other therapeutic agents such that
the SPINKO polypeptide or other therapeutic agent 15 administered while the previously
administered agent {e.g., the SPINKOY polypeptide or the other therapeutic agent) is still effective
i the bedy {e.g., the SPINKS polypeptide and other therapeutic agent are simultaneously
effective in the patient, which may include synergistic effects). Said SPINKO polypeptides and
other different therapeutic compounds can be administered either in the same formulation or in
separate formulations, either concomitantly or sequentially. Thus, an individual who receives

such treatment can benefit from a combined effect of different therapeutic agents.

EXAMPLES

The invention now being generally described, it will be more readily understood by

reference to the following examples, which are included merely for purposes of Hlustration of
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certain aspects and embodiments of the present invention, and are not intended to limit the

mnvention.

Example 1t Construction of vectors and expression of SPINK9 nolypeptides

The SPINK®S polypeptides were recombinantly generated as follows. First, cDNA
sequences encoding desired SPINKY domains (e.g., amino acids 20 to 86 of SEQ 1D NO: 1)
fused to a C-ternunal IgG Fe fragment were designed. The coden usage was optimized for
mammalian expression systems with the GeneArt codon optimizer, and their suggested Kozak
sequence was used. The ¢cDNAs were synthesized and nucleotide sequences were confirmed. The
cDNAs were cloned to pcDNA3 4 expression vector using EcoR1 and HindlI] sites. The
pcDINA3Z 4 vector uses the full-length human cytomegalovirus (CMV) immediate-early promoter
for high level gene expression together with the woodchuck posttranscriptional regulatory
element {WPRE} downstream of the cloning site to enhance transcript expression. A mouse {gG
heavy chain signal peptide (MGWSCIILFLVATATGVHS) or the wild-type SPINKO signal
peptide {e.g., amino acids 1-19 of SEQ ID NO: 1) was added at the N-termunus of the SPINKS
polypeptides to ensure secretion into the cell medium. During the translocation, the signal
peptide was cleaved off. Expi293 cells (A14527, ThermoFisher) or CHO-S cells (R80007,
ThermoFisher) were used to express the SPINKS polypeptides. For expression, Expi293 cells
were transiently transfected with the expression vectors and the cell culture was collected.
SPINKSY polypeptides were purified from the cell culture medium using a HiTrap Protem G HP §
ml colomn (17-0405-01, GE Healthcare). The filtered cell culture media was loaded on the
protein G column according to the protein G protocol, using PBS to equilibrate the colunm
{binding buffer) and 0.7% acetic acid {elution buffer) to elute the SPINKS polypeptides. The
elution was monitored by measuring absorbance at 280 nm. After purification, the SPINKS
polypeptides were stored in PBS and hence divectly after the elution the buffer was exchanged,
either by dialysis or by desalting columns with an appropriate molecular weight cut-off. The
SPINK Y polypepiides were concentrated to a concentration of 1 mg/m! with Amicon ultra
centrifugal filters (Merck Millipore} with a 50 kDa molecular weight cut-off. The protein

concentration was measured with a microvolume spectrophotometer using the AZ80 setting. The
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expression of the desired SPINKS polypeptides was further confirmed by SDS page and Western

blot analysis under reduced and non-reduced conditions.

Example 37 Evaluation of inhubitory activity of SPINKS nolvpeptides on KEKS,

The effect of SPINKS polypeptides on KLKS enzymatic activity was assessed. The assay
was performed by icubation of 20 nM of KLKS in 100 ;M NaHoPOs, pH 7 Sand pH 3.5, 1
mM CHAPS with SPINKY polypeptides {in half log dilution series from 0.3 nM to 300 nM) or
the assay buffer as control at 22°C for 10 minutes. Then reactions were initiated by addition of
100 pM of substrate BOC-VPR-AMC (R&D Systems, Minneapolis Minnesota) in a total
reaction volume of 100 ul. After incubation for 15 mimutes, the plate was excited at 340 nm and
fluorescent emission was rmeasured at 460 nM with a Synergy Neo microplate reader (BioTek®,
Winooski, Vermont). The 50% of maximal imhubitory concentration (ICs0) was calculated by
nonlinear regression analysis using the four parameter, sigmoidal, dose response equation using
Prism GraphPad {GraphPad Software, San Diego, California). The resulis are shown in Table 9.
Wild Type Spink® (SEQ 1D NO: 2) binding to KLKS exhibited an ICse of 80 nM and 685 uM at

pH 7.5 and 5.5, respecitvely.

Table 9- Inhibitory Effect of SPINK® Polypeptides on KLKS Enzymatic Activity

SPINKY Polypeptide KLKS {Cs6 nM* KELKS ICs0 nb*
pH 7S pH S5

Spink9-30.Fe (SEQ ID NQG: 55) 2.2 2.4
Spink9-112.K62G.Fe (SEQ 1D NO: 56) 1.1 0.9
Spink®-183.Fe (SEQ 1D NO: 5Ty 1.4 3.0
Spink%-186.Fc (SEQ 1D NG: 38) 1.9 83
Spink9-189.Fc (SEQ 1D NO: 59) 1.5 1.8
Spink9-236.F¢ (SEQ ID NO: 60) 1.5 35
Spink®-112.Fc (SEQ 1D NG 61) 1.4 N.D.
Spink$-194.Fc (SEQ 1D NG: 62) 31 ND.
Spink9-245.F¢ (SEQ 1D NO: 63) 1.7 N.D.
Spink8-20.Fe (SEQ ID NO: 64) 39 N
Spink®-21.Fe (SEQ 1D NO: 65) 1.9 N.D.
SpinkS-73.Fe (SEQ ID NO: 66) 1.3 N

-H8-
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Spink9-211.Fe (SEQ ID NO: 67 13 N.D.
Spink9-212.Fe (SEQ ID NO: 68) 3.9 ND.
Spink9-237.Fe (SEQ 1D NO: 69 12 ND.
Spink®-3.Fc (SEQ ID NO: 70) 13 N.D.
Spink9-162.Fe (SEQ ID NO: 71) 1.2 N.D.
Spink9-193.F¢ (SEQ ID NO: 72) 1.3 N.D.
Spink9-202.Fe (SEQ 1D NO: 73) 1.4 N.D.
Spink9-74.F¢ (SEQ ID NO: 74) 195 N
Spink9-112.K62G.FeA (SEQ ID NO: 138) | 1.3 N.D.

*n=i; N.D.= not determined

Example 3 Bvaluation of mhibitory activity of SPINKS polypeptides on KLK7 and KEK 14,

The effect of SPINKS polypeptides on KLK7 and KLK 14 enzymatic activity was
assessed. Both thKELK7 and thKLK 14 were acquired as zymogens and each required activation
with thermolysin, thKLK7 or rhRLK 14 wag diuted to 200 mg/mL in activation buffer (30 oM
Tris, 10 mM CaCly, 156 maM NaCl, 0.05% (w/v) Bry-35, pH 7.5} and nuxed with same volume
of 20 mg/mk. of thermolysin 1o the same buffer. Activation was carnied out at 37°Cfor 1 h
{rhKLK14) or 2 h (tbKLK7} and the reaction was stopped by addition of 50 mM EDTA.

The KLK 14 assay was performed as described mn Example 2 above except that the
concentration of active KLK 14 was 0.2 mg/ml. Enzymatic activity was measured by fluorescent
ermission and the 1Cso was calculated as described in Example 2 above.

The KLK7 assay was performed by imcubation of 2 mg/ml of active KLK7 in S0 mM
Tris, 150 mM NaCl, 0.05% (w/v) Brij-35, pH 8.0 with SPINKO polypeptides in half log dilution
(i half log dilution series from 0.3 oM to 300 nM) or assay buffer as control at 22°C for 15
minutes. The reaction was nitiated by addition of 20 mM of substrate MCA-Arg-Pro Lys-Pro-
Val-Glu-Nvai-Trp-Arg-Lys(Dnp)-NHz (R&D Systems) in a total reaction volume of 100 mL.
After incabation for 15 minutes, the plate was excited at 320 nm and fluorescent emission was
measured at 405 nM with a Synergy Neo microplate reader {BioTek®, Winoosks, Vermont). The

1Cs0 was calculated as described in Example 2 above.
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The results are shown in Table 10 for both KLK7 and KLX 14

Table 10- Inhibitory Effect of SPINKY Polypeptides on KLK7 and KLK14 Enzymatic
Agtivity

SPINKS Polypeptide KLK7 ICso (M) KLK 4 ICso (nb)*
pH 7S pH 8.0
Spink9-30.Fe (SEQ ID NO: 55) 108 0%
Spink9-112.K62G.Fe (SEQ ID NO: 56) 2.4 246
Spink9-183.Fe (SEQ ID NO: 57) 54 0%
Spink9-186.Fe (SEQ ID NO: 58) 8.3 0%
Spink9-189.Fc (SEQ 1D NO: 59) 353 0%
Spink9-236.Fe (SEQ 1D NO: 60 4356 0%

* The results are presented as ICso or percent mhibition at 316 nM SPINK9 polypeptide
Example 4 Evaluation of human serum stability,

An exemplary SPINK® polvpeptide, SPINK9S-112 2K62G Fe (SEQ 1D NO: 76) was
diluted i freshly coliected human serum (1:9), and was apportioned into 200 ub aliquots. Five
aliquots of the samples were then kept in an incubator set to 37 °C, 5% COz. Samples were
collected and snap frozen on day 0, day 1, day 4, day 7, and day 14, and then kept at -80 °C until
analysis. The binding activity of the tested samples to recombinant human KLKS C-6His
{Novoprotein, Catalog No. C415) was evaluated by ELISA as described below.

The binding of SPINK9-112.2K 624 Fe after serum incubation was determined by
BLISA. Plates were pre-coated with 100 puL/well of THE™ His tag mAb (2 pg/rol.) (Genscript,
Catalog No: AGO1806) overnight i a refrigerator set to 4 °C. After blocking with 200 pl/well of
0.5% casein for 1 hour, the plates were washed 3 times with 1xPBST. Then 0.25 ug/ml of
recombinant human KLKS C-6His was added 1nto the plate in a volume of 100 pl/well and
meubated for T hour at ambient temperature. After washing the plates 3 times with 1xPBST,
various concentrations {20, 4, 0.8, 0.16, 0.032, 0.0064, 0.0013, 0.0002¢6, 0.000051 and 0.000010
M) of SPINK9-112.2K 620 Fe with dilution buffer {0.25% casein) were added to the plates in a
volume of 100 pl/well and mcubated for 2 hours at ambient temperature. After washing the
plates 3 times with 14PBST, 100 pl/well of HRP-labeled Goat anti-Homan IgG antibody
{1.5000) (Bethyl; Catalog No: AB0-304P-16) with the dilution buffer {0.25% casein} were added

~H&-
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into each well and incubated for 1 hour at ambient temperature. After washing 6 times with
1#PBST, the color was developed by dispensing 100 ul/well of TMB substrate {Life
Technologies; Catalog No: 00203) for 4 minutes, and the reaction was stopped by adding 100
ub/well of 2ZM HCl The absorbance was read at 450 and 540 nm using a microplate reader
{SpectraMax M3e). The ECse values were calculated by four-parameter non-linear regression
analysis using GraphPad Prism software.

Human serum incubated SPINK9-112.2K62G Fce at different time points were tested for
its ability to bind to recombinant human KLKS C-6His. The results of serum stability test {Table
11} show that SPINK9-112 2K62G Fe incubated with serum for up to two weeks maintained

binding activity to KLKS.

Table 11- Results of human serum stability test for SPINK®-112.2K62G.Fe

Serum-incubated SPINK2-112.2K62G Fe Antigen: 0.25 pug/mL recombinant human
{SECQ 1D NO: 76) KLKS C-6His
Tncubation time ECs0 (oM)
Day G 0.060
Day 1 0.059
Day 4 0.080
Day 7 0.1
Day 14 0.065

Table 12 shows human serum stability and affinity tests for other Spink9 polypeptides

performed according to the procedures described above.

Table 12 - Resulis of human serum stability test for Spink? polvpeptides
Spink9-30 SpinkS-112.K62¢: | Spink%-183 Spink9-i86 SpinkS-189 Spink®-236
(SEQ D (SEQ YD NG: 56) | (SEGID (SEQ I (SEQ ID (SEQ 1B
NO: 59) NG: 5T NO: 58) NO: 59) NO: 60)
Day | ECso (aM) | ECso (nV) ECso (nM) | ECso (aM) | ECso (nM) | ECso (nM)
0 0.08 0.10 0.07 .09 0.06 0.05
i 0.10 0.14 .09 0.16 0.08 0.08

-59-
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4 0.10 016 012 (.21 0.10 6.12
7 0.10 0.17 G.11 0.12 0.12 0.10
14 .13 0.17 0.10 0.29 G.16 011

=

Example 1 Binding to human KLKS at 7.4 by Surface Plasmon Resonance (SPR).

The Biacore T200 {GE Healthcare} with series S CMS sensor clup {(GE Healtheare) was
used to conduct the SPR analysis. The anti-human IgG Fo monoclonal antibody was diluted to 25
pg/ml in tmmobtlization buffer (10 M sodiuro acetate, pH 5.0},

The CMS3 sensor chip was activated for 420 s at a flow rate of 10 pL/mm with the
activator mixture {prepared by mixing 400 mM EDC and 100 mM NHS immediately prior to
jection}. 25 pug/mi. of anti-human IgG Fo monoclonal antibody 10 immobilization buffer was
then mjected 1o Fe2 sample channel for 420 s at a flow rate of 10 pl/min, resulting n
mmobifization levels of about 7000 R1J. The sensor chip was deactivated by 1 M ethanolamine
hydrochloride-NalH (GE Healthcare) for 420 s at a flow rate of 10 pl/min. The reference
surface channel Fel was prepared in the same manver.

The Spink9 polypeptides were diluted to mO.1 to 0.7 ug/mb in running buffer (1 x HBS-
EP; 10 mM HEPES, 150 mM Na{'l, 3 mM EDTA, with 0.005% Tween-20, pH 7.4) and then
mjected into channel Fc2 at a flow rate of 10 ul/min to reach a capture level of about 35.6 to
64.5 RU.

The KLKS protein (Novoprotein, Catalog No. €415) was diluted with running buffer (1 x
HEPES; 10 mM HEPES, 150 mM NaCl, 3 mM EDTA, with 0.005% Tween-20, pH 7.4} t0 5-6
concentrations as described below. KLKS5 protein was mjected to Fel and FoZ channels at a flow
rate of 30 ul/min for an association phase of 120s, followed by 300 s dissociation (the
association and dissociation phases were all carried out in running buffer). Ascending

concentrations of KLKS analyte were analyzed. After each cycle of interaction analysis, the
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sensor chip surface was regenerated with 3 M MgCl as injection buffer at a flow rate of 10
pl/mun for 30 s to remove the ligand and any unbound KLKS.
Spink® WT- 100, 50, 25, 12,5, and 6.25 M KLKS
Spinnk9-30.Fe (SEQ ID NO: 55)- 65, 32.5, 16.25, 8.125, 4.063, and 2.032 nM KLKS
Spink®-112 K62ZG Fe (SEQ ID NG: 56)- 50, 25, 12,5, 6.25, and 3.125 nM KLKS3
Spink9-183 Fe (SEQ ID NG: 57)- 100, 50, 25, 125, 6.25, and 3.125 nM KLKS
Spink©-186.Fc {SEQ 1D NO: 583- 100, 50, 25, 12,5, 6.25, and 3.125 nM KLKS
Spink9-189 Fe (SEQ 1D NG: 59)- 100, 50, 25, 12,5, 6.25, and 3.125 nM KLKS
Spiuk9-236 Fc (SEQ 1D NO: 603- 100, 50,25, 12,5, 6.25, and 3.125 nM KLKS
The sensorgrams for reference channel and buffer channel were subtracted from the test
sensorgrams, The experimental data were fitted by steady state affuuty model. A molecular
weight of 30.65 kDa was used to calculate the molar concentration of human KLKS. Table 13

shows the Ko values for the tested polypeptides.

Table 13- Binding affinity of Spink? polypeptides to human KLKS

Ko (M)
Spinkd WT 9 90E-08
Spik9-30 (SEQ ID NG 35) 9 09E-11
Spink9-112.K62G (SEQ 1D NO: 56) | 7.85E-14
Spink9-183 (SEQ ID NO- 57) 216E-11
Spink9-186 (SEQ 1D NO- 58) 1.89E-11
Spink9-189 (SEQ 1D NO: 59) 132E-10
Spink9-236 (SEQ 1D NO: 60) 2.909E-11

Example 8 Binding to human FceRo at pH 6.0 and 7.4 by Surface Plasmon Resounance (SPR).

The Biacore 8K with series § CMS5 sensor chip (Cytiva) was used to conduct the SPR
analysis. The CMS sensor chip was activated for 420 s at a flow rate of 10 ul/mun with the
activator muxture (prepared by mixing 400 mM EDC and 100 mM NHS mmmediately prior to
mjection). 10 pg/mb of Spink9-30 (SEQ [ NO: 55}, Spink9-112.K62G (8EQ 1D NG: 563,
Spink9-183 (SEQ 1D NO: 57), Spink9-186 (SEQ ID NO: 58), Spink9-189 (SEQ ID NO: 59),
Spink9-236 (SEQ ID NGO 60}, Spink9-112.2K62G (SEQ 1D NO: 76) and Rituximab (Roche} in
10 mM NaAc (pH 5.5} was then injected to Fc2 for 60 s at a flow rate of 10 pL/min,

-
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respectively. The reference channel Fcl was blocked. The sensor chip was deactivated by 1 M
ethanolamine-HC1 (Cytiva) for 420 5 at a flow rate of 10 pl./min,

§ concentrations (46.875, 9375, 187.5, 375, 750, 1300, 3000, and 6000 nM) of analyte
human FeRn in 14PBST (50 mM NaxHPQOs/NaH2POs, 150 mM NaCl, 0.05% Tween-20, pH 6.0
or pH7.4) {AcrobioSystems; Catalog No: FCM-HS5286) and running buffer (1xPBST, pH 6.0}
were injected to Fel and Fe2 at a flow rate of 30 pl/min for an association phase of 60 g,
followed by 90 s dissociation. 1<PBS (pH 7.4) as regeneration huffer was injected to flow cells
for 45 5 at a flow rate of 10 ul/min following every dissociation phase.

The sensorgrams for reference chanvel and buffer chanuel were subtracted from the test
sensorgrams. The expenmental data were fitted by steady state affiniy model. A molecular
weight of 45 kDa was used to calculate the molar coucentration of human FeRn. Table 14 shows
the Ko values for the tested polvpeptides.

Table 14~ Binding affinity of mutant Spink? polypeptides to human FeRn

FeRa Kp (M)
pH6.0 pH 7.4
Spink9-30 (SEQ ID NQ: 35) 2.29E-07 Weak

Spink9-112 K62G (SEQ ID NO: 56) 2.33E-07 Weak
SpinkS-112 2K62G (SEQ 1D NO: 763 1.89E-07 Weak

Spink9-183 (SEQ ID NG: 57) 2.22E-07 Weak
Spink9-186 (SEQ ID NO: 58) 2.32E-07 Weak
Spink9-189 (SEQ ID NQO: 59) 223507 Weak
Spmk©-236 (SEQ 1D NO: 60) 2 31E-Q7 Weak
Rituximab 3 10E-06 Weak/No

Example 7. A single dose PK study of SPINK9 polvpeptides 1n cynomoleus monkeys.

Eight cynomolgus monkeys (4 male and 4 female} having body weight ranging from 2.5
0 3.5 kg were used i this study. Animals were supphied with approximately 120 grams of
Certified Monkey Diet daily (Beijing Vital Keao Feed Co., Lid. Beyjing, P. R. China}. Moukeys
received fresh fruits daily. Animals were provided reverse-osmosis purified water ad fibitum by
an automated watering system.

Four (4) males and four (4} females cynomolgus monkeys were randomly assigned to
four {4) groups {(one male and one female monkey per group} to evaluate the pharmacokinetics
and pharmacodynamics of Spink9-112 K62G (SEQ D NO: 56), Spink9-112.2K62G Fe (SEQ ID
NG 76}, Spink9-186 (SEQ 1D NO: 58}, and Spink9-183 (SEQ 1D NO: 57}, Spink? polypeptides

were administrated by a single dose of 10 myg/ke via intravenous (IV) infusion over 45 minutes
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in a PBS buffer. Animals in Group 1 were administered Spink9-112 K62G (SEQ 1D NO: 56).
Animals in Group 2 were adminstered Spink9-112. 2ZK62G Fe (SEQ 1D NO: 76). Anumals in
Group 3 were administrated Spink9-186 (SEQ 1D NO: 58). Animals in Group 4 were
administrated Spmk9-183 (SEQ 1D NG: 57). Animals were randomly assigned to groups based
on body weight. Animals were weighed prior to dose adminustration and dose amount was
determined based on the body weights which were recorded on the dose record sheet. The start
date of the first dose was recorded as Day 0.

At least 200 ul. blood sample was collected from a cephalic or saphenous vein at
sampling time points from the animals in all groups. For samples collected within the first hour
of dosing, a + 1 minute was acceptable. For the reroainung time points, samples that were taken
within 3% of the scheduled time. All blood samples were collected into commercially available
tubes containing coagulant. Then, the tubes containing blood samples were maintamed at room
temperature for 30 minutes before centrifugation. The samples were centrifuged, and the serum
was collected for PK assays. Samples were collected at the following time points: pre-dose (Day-
1), and Smin, 15 mun, 30 mun, 1 h, 40, 8k, 12h, 24 h(Day 1), 48 h(Day 2), 96 h (Bay 4), 144 h
{Day 6), 192 h (Day 8), 240 h (Day 10), 288 h (Day 12), 384 h (Day 16), 480 h (Day 20}, 576 h
{Day 24}, and 672 h (Day 28) posi-dose.

Ammals were observed for body weight and eating condition {twice daily}. Cage-side
observations for general health and appearance were done once daily. Animals were observed
before and after dosing, and at each sample collection time point. Bodyweight and eating
condition were recorded. Fach animal was weighed twice at acclimation period and once pretest
{on Day 0). After admimstration of the test articles each animal was weighed twice per week
from Day O to Day 28. Daily food consumption was alse measured from Day © to Day 28 for all
animals.

PK Methods

The concentration of the test articles in the serum was determined using 2 different assays
bioanalytical ELISA methods, the Fct+Fc assay and the KLK5+F¢ assay.

Fc+Fe: Brietly, 96-well ELISA plates were incubated overnight at 4 °C with a solution of 1.0
ug/ml Goat Anti-human IgG (Southern Biotech; Catalog No:2049-01). After washing and
blocking, serial diluted plasma samples were added, followed by the addition of bigtin labeled

Goat anti-human IgG (Dilution factor: 8000) (Southern Biotech; Catalog No:2049-01) as the
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detection anttbody. Streptavidin-HRP (Dilution factor: 20000) (Thermo-Fischer; Catalog No:
21127 and TMB (Life Technologies; Catalog No: 002023) substrate were used for color
development. The reaction was stopped after approximately 3-10 minutes through the addition of
2 M HCL The absorbance was read at 450 nm and 5340 nm using a microplate spectrophotometer
{SpectraMax M35e}. The OD value of the samples were used to obtain the plasma concentration
of the test articles using a standard curve. The detection lumit of this ELISA method was 0.391
ng/ml.
KLK5+Fc: Briefly, 96-well ELISA plates were incubated overnight at 4 °C with a solution of 1.0
pg/mL His Tag Antibody (Sino Biological; Catalog No: AG0186-100). The plates were washed
and 0.25 pg/ml recombinant Human KLKS C-6His (Novoprotein; Catalog No: C415) was
added in each well. After washing and blocking, senial diluted plasma samples were added,
followed by biotin labeled Goat anti-human IgG (Dilution factor: 80600} (Southern Biotech;
Catalog No: 2049-08). Streptavidin-HRP (Dilution factor: 20000} {Thermo-Fischer; Catalog No:
21127y and TMB (Life Technologies; Catalog No: 002023) substrate were used for color
development. The reaction was stopped after approximately 3-10 minutes through the addition of
2 M HCL The absorbance was read at 450 nm and 540 nm using a microplate spectrophotometer
{SpectraMax M5e). The OD value of the saraples were used to obtain the plasma concentration
of the test articles using a standard corve. The detection himit of this ELISA method was 0.195
ng/ml

The serum concentration of four test articles in monkeys was subjected to a non-
compartmental pharmacokinetic analysis by using the Phoenix WinNonlin software {version 8.1,
Pharsight, Mountain View, CA). The linear/log trapezoidal rule was applied in obtaining the PK
parameters.

Pharmacokinetic parameters for the test articles are provided i Tables 15 and 16 for the
Fet+Fe method and the KLKS+Fe method, respectively, and shown in Figures Z and 3,

respectively.

Table 15- Summary of Pharmacokinetic Parameters: Fet¥Fe

Gl G2 < .
. . (y33 (ﬁ;:
Test Article Spinkd- Spinkg- . s .
112.K62G Fe 112 2K62G Fe Spinkd-186.F¢ Spink®-183.F¢
Methed Fet+le
Dose 10 mg/kg, IV infusion for 45 min

T4
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t v {h) 945 128 137 101
Coax {pg/mb) 203 242 44.0 45.6
AUC gaae (B pg/mi) 5230 8158 275 498
AUC e (B¥pg/mi) 5589 8743 385 602
Ch ops {(mL/A/kg) 1.81 1.14 26.8 16.7
MR Toiar (h) 740 101 273 238
MR T ogast (B) 99.6 134 125 74.1
Vs ops {ml/kg) 178 153 3132 1242

Table 16- Summary of Pharmacokinstic Parameters: KLK5+Fe
Gl G2 < .
Antibody s spio | R | Spnoase
Method KELKS+Fe

Dgse 18 mg/kg, 1V infusion for 45 min
t v {h) 978 131 10.6 46.8
Comax {(ng/ml) 247 2660 463 279
AUC pagse (B pug/ml) 6118 g114 169 220
AVUC s (B¥pg/ml) 6770 9857 171 231
C s (mL/R/kg) 1.48 1.03 583 437
MR Toar (h) 63.5 90.0 11.0 i54
MRTy1as () 96.2 156 132 28.8
Vss ops (ml/ke) 143 158 773 1250

All animals behaved normally. No formulation-related effects were seen in body weight

and body weight gain (Figure 1). No formulation-related effects on food consumption were seen

during the study.

The pharmacokinetic results demonstrate that Spmk9-112 2K62G Fe polypeptide

exhibited the most favorable result, with an average half-life of 128 h, average AUCo.1as of 8158

heyg/ml., and average Clobs of 1.14 mU/b/kg i the Fe+Fe assay and an average half-life of 131
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h, an average AUCqo.u0s of 8114 heyg/mL, and an average Cl ons of 1.03 mi/h/kg in the KLKS+Fc
assay.

EQUIVALENTS

While specific embodiments of the subject invention have been discussed, the above
specification is illustrative and not restrictive. Many variations of the mvention will become
apparent to those skilled in the art upon review of this specification and the clatms below. The
full scope of the invention should be determined by reference to the claims, along with their full
scope of equivalents, and the specification, along with such vanations.

INCORPORATION BY REFERENCE

All patent applications, patents, and printed publications cited herein are mcorporated
heretn by reference in the entireties, except for any defuutions, subject matter disclaimers or
disavowals, and except to the extent that the incorporated ruaterial 15 inconsistent with the

express disclosure herein, in which case the language in this disclosure controls.
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We claim:

1.

[

o

A polypeptide, comprising at least one mutant SPINK9 domain, wherein said at least one
mutant SPINK9S domain comprises, in N-terminus to C-terminus order, a first aming acid
sequence that shares at least 70% sequence identity to amino acids 1-20 set forth in SEQ
D NO: 2, a second amino acid sequence that comprises at least one amino acid
substitution relative to amino acids 21-34 set forth in SEQ 1D NO: 2, and a third amino
acid sequence that shares at least 70% sequence identity to amino acids 35-67 set forth in

SEQ ID NO: 2.

The polypeptide of claim 1, wherein the polypeptide binds to and inhibits an active

kallikrein-related peptidase.

The polypeptide of claim 1 or 2, wherein the polypeptide inhubits the activity of

kallikrein-related peptidase 3 (KLK3).

The polypeptide of any one of claims 1 to 3, wherein the second amino acid sequence
comprises at least one amino acid substitution relative to postitons 22, 24, 25, 26, 28, 29,
30 of SEQ ID NO: 2, or any combination thereof, and optionally one or more amino acid

changes relative to positions 21, 23, 27, 31, 32, 33, and 34 of SEQ ID NO: 2.

The polypeptide of any one of claims 1 to 3, wherein the first amino acid sequence
opticnally comprises the amine acids at positions 1, 2, and 3 of SEG ID NO: 2, the
second amino acid sequence comprises at least one amino acid substitution relative to
positions 22, 24, 25, 26, 28, 29, 30 of SEQ ID NO: 2, or any combination thereof, and
optionally one or more aming acid changes relative to positions 21, 31, 32, 33, and 34 of

SEQ ID NO: 2.

The polypeptide of any one of claims 1 to 3, wherein the first amino acid sequence
comprises a deletion of the amino acids at posttions 1, 2, and 3 of SEQ ID NG: 2, the
second amino acid sequence comprises at least one amino acid substitution relative to
positions 22, 24, 25, 26, 28, 29, 30 of SEQ 1D NO: 2, or any combination thereof, and
optionally one or more amino acid changes relative to positions 21, 31, 32, 33, and 34 of

SEQ D NO: 2.
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The polypeptide of any one of claims 1 to 6, wherein the second amino acid sequence
comprises a substitution of a Glu, Met, Gin, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His
amino acid for the amine acid relative to position 22 of SEQ ID NO: 2 or the aming acid

at position 22 of SEQ ID NG: 2 15 Gly.

The polypeptide of claim 7, wherein the second amino acid sequence comprises a
substitution of a Glu, Thr, Val, Ley, Ala, Ile, Phe, Ser, or Tyr anuno acid for the amino
acid relative to position 24 of SEGQ ID NO: 2 or the amino acid at position 24 of SEQ 1D
NO: 25 Gln,

The polypepuide of claim 7 or 8, wherein the second aming acid sequence comprises a
substitution of a Leu, lle, His, Glu, Trp, Ser, Ala, Val, Tyr, Asp, or Met amino acid for
the amino acid relative to position 25 of SEQ 1D NO: 2 or the amino acid at position 25

of SEQ ID NO: 2 18 Arg.

The polypeptide of any one of claims 7 to 9, wherein the second amino acid sequence
comprises a substitution of a Tyr, Trp, Met, His, Lys, or Asn amino acid for the amino
acid relative to position 26 of SEQ ID NOG: 2 or the amino acid at position 26 of SEQ 1D
NO: 2 is Phe.

The polypeptide of any one of claims 7 to 10, wherein the second amino acid sequence
comprises a substitution of a Thr, Ser, or Gly amno acid for the amino acid relative to

position 28 of SEQ 1D NO: 2 or the anuno acid at position 28 of SEQ ID NO: 2 is His.

The polypeptide of any one of claims 7 to 11, wherein the second amino acid sequence
comprises a substitution of 8 Arg or Lys anuno acid for the anuno acid relative to
position 29 of SEQ ID NG: 2 or the ammmo acid at position 29 of SEQ ID NO: 215 His.
The polypeptide of any one of claims 7 to 12, wherein the second amino acid sequence
comprises a substitution of a Glu or Asp amuno acid for the amino acid relative to
position 30 of SEQ I3 NO: 2 or the anuno acid at position 30 of SEQ ID NO: 2 is Met.
The polypeptide of any one of claims 1 o 6, wherein the second amino acid sequence

comprises a substitution of a Glu or Met amino acid for the amino acid relative to

position 22 of SEQ ID NG: 2.
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The polypeptide of claim 14, wherein the second amino acid sequence comprises a
substituiton of a Gly, or Thr amino acid for the amuno acid relative to position 24 of SEQ
IDNG: 2

The polypeptide of claim 14 or 15, wherein the second amino acid sequence comprises a
substitution of a Leu, lle, His, Glu, or Trp amino acid for the amino acid relative to

position 25 of SEQ 1D NG: 2.

The polypeptide of any one of claims 14 to 16, wheren the second amino acid sequence
comprises a substitution of a Tyr or Trp amino acid for the amino acid relative to position

26 of SEQ ID NO: 2.

The polypeptide of any one of claims 14 to 17, wherein the second amine acid sequence
comprises a substitution of a Thr, Ser, or Gly amino acid for the amino acid relative to

posttion 28 of SEQ 1D NG: 2.

The polypeptide of any one of claims 14 to 18, wherein the second amino acid sequence
comprises a substitution of a Arg or Lys amino acid for the amino acid relative to

position 29 of SEQ ID NO: 2.

The polypeptide of any one of claims 14 o 19, wherein the second amino acid sequence
comprises a substitution of a Glu or Asp amino acid for the aming acid relative to
position 30 of SEQ 1D NG: 2.

The polypeptide of any one of claims 7 to 20, wherein the third amine acid sequence
comprises a substitution of a Gly amine acid for the anuno acid relative to position 43 of

SEQ IDNO: 2

The polypeptide of any one of claims 7 to 21, wherein the second amino acid sequence
comprises a substitution of Thr-Arg-Glu; Thre-Arg-Asp; Thr-Lys-Glu; Thr-Lys-Asp; Ser-
Arg-Glu; or Gly-Arg-Asp amino acids for the amino acid relative to position 28-30 of

SEQ D NO: 2.

The polypeptide of any one of claims 1 to 3, wherein the at least one
mutant SPINK? domamn comprises an amino acid sequence selected from SEQ I3 NOS:

4-23 or 115-134
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24, The polypeptide of any one of claims 1 to 22, wherein the polypeptide comprises from

two to twenty mutant SPINKS domains.

25, The polypeptide of claim 24, where each of the two to twenty mutant SPINKS domains
comprises an independently selected amino acid sequence of any one of SEQ ID NOS: 4-

23 or 115-134.

26. The polypeptide of any one of claims 1 to 22, wherein the polypeptide comprises a first
and a second independently selected mutant SPINK9 domain; and each of the first and
the second mutant SPINK9 domains comprise an independently selected amino acid

sequence of any one of SEQ 1D NOS: 4-23 or 115-134.

27. The polypeptide of claim 26, wherein the first and the second mutant SPINK9 domains

are identical.

28, The polypeptide of claim 26, wherein the first and the second mutant SPINK9 domains

are not 1dentical.

29, The polypeptide of any one of claims 1 to 22, wherein the polypeptide comprises a first, a
second, and a third independently selected mutant SPINKS domain; and each of the first,
the second, and the third mutant SPINKS domains comprise an independently selected

amino acid sequence of any one of SEQ 1D NOS: 4-23 or 115-134,

30. The polypeptide of claim 29, wherein each of said mutant SPINK® domains are identical.

31 The polypepuide of claim 29, wherein each of said mutant SPINKS domains are not
identical.

32. The polypeptide of any one of claims 1 to 22, wherein the polypeptide comprises a first

polypeptide chain and a second polypeptide chain linked through a Fc portion, wherein
the first polypeptide chain comprises a first and a second mutant SPINK9 domain and the
second polypeptide chain comprises a third and a fourth mutant SPINK® domain and
each of the first, second, third, and fourth mutant SPINKY domains comprise an

independently selected amino acid sequence of SEQ I3 NQG: 4-23 or 115-134

33, The polypeptide of claim 32, wherein each of said mutant SPINK9 domains are wdentical.
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34 The polypeptide of claim 32, wherein each of said mutant SPINKS domains are not
identical.
35, The polypeptide of any one of claims 24 1o 34, wherein adjacent

mutant SPINK9 domains are linked by direct fusion, a linker sequence, or any

contbination thereof,

36. The polypeptide of claim 35, wherein at least cne mutant SPINKY domain s linked to an

adjacent mutant SPINK9 domain by a linker sequence.

37 The polypeptide of claim 35, wherein at least one mutant SPINKS domain s linked to an

adjacent mutant SPINKS domain by direct fusion.

38. The polypeptide of any one of claims 35 to 37, wherein the linker sequence comprises a

cleavage site.

39. The polypeptide of claim 38, wherein the cleavage site is recogrnized by a subtilisin-like

proprotein convertase.

40. The polypeptide of any one of claims 1 to 22, wherein the polypeptide comprises a first
polypeptide chain and a second polypeptide chain linked through a Fe portion, wherein
the first polypeptide chain comprises a first mutant SPINK9 domain and the second
polypeptide chain comprises a second mutant SPINK9 domain and each of the first and
second mutant SPINK9 domains comprise an independently selected amino acid

sequence of SEQ 1D NOS: 4-23 or 115-134.

41. The polypeptide of claim 40, wherein the first and the second mutant SPINK9 domains

are identical.

42, The polypeptide of claim 40, wherein the first and the second mutant SPINKS domains

are not 1dentical.

43, A polypeptide, comprising at least one mutant SPINK9 domain, wherein said at least one
mutant SPINK9 domain comprises an amino acid sequence represented by Formula
fle Glu Cys Ala Lys Glo Thre Lys Gin Met Val Asp Cys Ser His Tyr Lys Lys Leu Pro Pro
K1 Gln X2 X5 X4 Cys Xs X X7 Tyr Asp Pro lie Cys Gly Ser Asp Gly Lys Thr Tyr Xs Asn
Asp Cys Phe Phe Cys Ser Lys Val Lys Lys Thr Asp Gly Thr Leu Lys Phe Val His Phe
Gly Lys Cys (SEQ 1D NO: 3);
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provided that the amino acid sequence represented by Formula I is not SEQ [D NO: 2.

The polypeptide of claim 43, wherein the polypeptide binds io and inhibits an active

kallikrein-related peptidase.

The polypeptide of claim 43 or 44, wherein the polypeptide inhibits the activity of
kalikrein-related peptidase 5 (KLKS).

The polypeptide of claim 45, wherein the inhibition 15 selective for or specific to KLKS.

The polypeptide of any one of claims 43 to 46, wherein X 1s selected from: 1) Gly, Glu,
Met, Gin, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His; 1} Gly, Glu, or Met; 111) Glu, Met,
Gin, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His; or v} Glu or Met.

The polypeptide of any one of claims 43 to 47, wherein X3 is selected from: 1} Gin, Gly,
Thr, Val, Leu, Ala, Ue, Phe, Ser, or Tyr; 1) Glo, Glu, or Thr; 111} Glu, Thr, Val, Leu, Ala,

ile, Phe, Ser, or Tyr; or 1v) Glu or Thr,

The polypeptide of any one of claims 43 to 48, wherein X5 1s selected from: 1) Arg, Ley,
e, His, Glu, Trp, Ser, Ala, Val, Tyr, Asp, or Met; 11} Arg, Leu, Hle, His, Ghy, or Trp; 11}
Ley, He, His, Glu, Trp, Ser, Ala, Val, Tyr, Asp, or Met; or v} Leu, lle, His, Glu, or Trp.

The polypeptide of any one of claims 43 1o 49, wherein X4 is selected from: 1) Phe, Tyr,
Trp, Met, His, Lys, or Asn; 11) Phe, Tyr, or Trp; 1) Tyr, Trp, Met, His, Lys, or Asn; or
v} Trp or Tyr.

The polypeptide of any one of claims 43 to 50, wherein X5 15 selected from: 1) His, Thr,

Ser, or Gly; 1) His or Thr; 11) Thr, Ser, or Gly; or wv) Thr.

The polypeptide of any one of claims 43 to 51, wherein Xo 15 selected from: 1) His, Arg or
Lys; 11} His or Arg; u1) Arg or Lys; or iv} Arg.

The polypeptide of any cne of claims 43 to 52, wherein X7 1s selected from: 1) Met, Glu
or Asp; 11) Met or Glu; 11} Glu or Asp; or iv) Glu.

The polypeptide of any one of claims 43 to 53, wherein Xs 15 selected from: 1) Lys or Gly;

i) Lys; or 1) Gly.
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The polypeptide of any one of claims 43 to 54, wherein X5-Xs-X7 18 selected from the
group consisting of. Thr-Arg-Glu; Thr-Arg-Asp; The-Lys-Glu; Thr-Lys-Asp; Ser-Arg-
Glu; and Gly-Arg-Asp.

56. The polypeptide of any one of claims 43 1o 55, wherein the polypeptide comprises from
two to twenty independently selected mutant SPINK9 domains; and each
mutant SPINKS domain comprises an independently selected amino acid sequence of

Formula I or SEQ ID NOS: 4-23.

57. The polypeptide of any one of claims 43 1o 55, wherein the polypeptide comprises a first
and a second independently selected mutant SPINKS9 domain; and each of the first and
the second mutant SPINKO domains comprise an independently selected amino acid

sequence of Formula { or SEQ 1D NOS: 4-23.

58. The polypeptide of claim 57, wherein the first and the second mutant SPINKYS domains

are identical.

39, The polypeptide of claim 57, wherein the first and the second mutant SPINK9S domains

are not 1dentical.

60. The polypeptide of any one of claims 43 to 55, wherein the polypeptide comprises a first,
a second, and a third independently selected mutant SPINK9 domain; and each of the
first, the second, and the third mutant SPINKS domains comprise an independently
selected amino acid sequence of Formula T or SEQ ID NOS: 4-23.

61. The polypeptide of claim 60, wherein each of said mutant SPINK® domains are identical.

62. The polypeptide of claim 60, wherein each of said mutant SPINKS domains are not
identical.

63, The polypeptide of any one of claims 43 to 55, wherein the polypeptide comprises a first
polypeptide chain and a second polypeptide chain linked through a Fe portion, wherein
the first polypeptide chain comprises a first and a second mutant SPINK9 dorvain and the
second polypeptide chain comprises a third and a fourth mutant SPINK® domain and
each of the first, second, third, and fourth mutant SPINKS domains comprise an
mdependently selected amino acid sequence of Formula T or SEQ ID NOS: 4-23.

64, The polypeptide of claim 63, wherein each of said mutant SPINKS domains are wdentical,
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The polypeptide of claim 64, wherein each of said mutant SPINKS domains are not

identical.

The polypeptide of any one of claims 56 1o 65, wherein adjacent
mutant SPINK9 domains are linked by direct fusion, a linker sequence, or any

contbination thereof,

The polypeptide of claim 66, wherein at least cne mutant SPINKY domain s linked to an

adjacent mutant SPINK9 domain by a linker sequence.

The polypeptide of claim 66, wherein at least one mutant SPINKS domain s linked to an

adjacent mutant SPINKS domain by direct fusion.

The polypeptide of any one of claims 66 to 68, wherein the linker sequence comprises a

cleavage site.

The polypeptide of claim 69, wherein the cleavage site is recognized by a subtilisin-like

proprotein convertase.

The polypeptide of any one of claims 43 to 55, wherein the polypeptide comprises a first
polypeptide chain and a second polypeptide chain linked through a Fe portion, wherein
the first polypeptide chain contains a first mutant SPINK9 domain and the second
polypeptide chain contains a second mutant SPINKY domain and each of the first and
second mutant SPINK9 domains comprise an independently selected amino acid

sequence of Formula I or SEQ ID NOS: 4-23.

The polypeptide of claim 71, wherein the first and the second mutant SPINK9 domains

are identical.

The polypeptide of claim 71, wherein the first and the second mutant SPINKYS domains

are not 1dentical.

A polypeptide, comprising at least one mutant SPINK9 domain, wherein said at least one
mutant SPINK9S domain comprises an amino acid sequence represented by Formula I'V;
X Xio X1 Ala Lys Gin Thr Lys Glo Met Val Asp Cys Ser His Tyr Lys Lys Leu Pro Pro
K1 Gln X2 X5 X4 Cys Xs X X7 Tyr Asp Pro lie Cys Gly Ser Asp Gly Lys Thr Tyr Xs Asn
Asp Cys Phe Phe Cys Ser Lys Val Lys Lys Thr Asp Gly Thr Leu Lys Phe Val His Phe
Gly Lys Cys (SEQ 1D NO: 136);
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provided that the amino acid sequence represented by Formula IV is not SEQ ID NO: 2.

75. The polypeptide of claim 74, wherein the polypeptide binds io and inhibits an active

kallikrein-related peptidase.

76. The polypeptide of claim 74 or 75, wherein the polypeptide inhibits the activity of

kalikrein-related peptidase 5 (KLKS).

77. The polypeptide of claim 76, wherein the inhibition is selective for or specific to KLKS.
78, The polypeptide of any one of claims 74 t5 67, wherein X 1s selected from: 1) Gly, Glu,

Met, Gin, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His; 1} Gly, Glu, or Met; 111) Glu, Met,
Gin, Ala, Leu, Val, Asp, Asn, Ser, Lys, or His; or v} Glu or Met.

79. The polypeptide of any one of claims 74 to 78, wherein X3 is selected from: 1} Gln, Gly,
Thr, Val, Leu, Ala, Ue, Phe, Ser, or Tyr; 1) Glo, Glu, or Thr; 111} Glu, Thr, Val, Leu, Ala,

ile, Phe, Ser, or Tyr; or 1v) Glu or Thr,

80. The polypeptide of any one of claims 74 to 79, wherein X5 1s selected from: 1) Arg, Ley,
e, His, Glu, Trp, Ser, Ala, Val, Tyr, Asp, or Met; 11} Arg, Leu, Hle, His, Ghy, or Trp; 11}
Ley, He, His, Glu, Trp, Ser, Ala, Val, Tyr, Asp, or Met; or v} Leu, lle, His, Glu, or Trp.

81 The polypeptide of any one of claims 74 to 80, wherein X4 is selected from: 1) Phe, Tyr,
Trp, Met, His, Lys, or Asn; 11) Phe, Tyr, or Trp; 1) Tyr, Trp, Met, His, Lys, or Asn; or

v} Trp or Tyr.

82. The polypeptide of any one of claims 74 to 81, wherein X5 15 selected from: 1) His, Thr,
Ser, or Gly; 1) His or Thr; 11) Thr, Ser, or Gly; or wv) Thr.
83. The polypeptide of any one of claims 74 to 82, wherein Xo 15 selected from: 1) His, Arg or

Lys; 11} His or Arg; u1) Arg or Lys; or iv} Arg.

84. The polypeptide of any cne of claims 74 to 83, wherein X7 1s selected from: 1) Met, Glu
or Asp; 11) Met or Glu; 11} Glu or Asp; or iv) Glu.

83, The polypeptide of any one of claims 74 to 84, wherein Xs 15 selected from: 1) Lys or Gly;
i) Lys; or 1) Gly.

86. The polypeptide of any one of claims 74 to 83, wherein Xs is selected from: 1) absent; or

i) le.
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87. The polypeptide of any one of claims 74 to 86, wherein Xio is selected from: 1) absent; or
i) Glu.

88, The polypeptide of any one of claims 74 to 87, wherein Xi1 is selected from: 1) absent; or
11} Cys.

89 The polypeptide of any cne of claims 74 to 88, wherein Xs5-Xs-X7 18 selected from the

group consisting of. Thr-Arg-Glu; Thr-Arg-Asp; Thr-Lys-Glu; Thr-Lys-Asp; Ser-Arg-
Glu; and Gly-Arg-Asp.

90, The polypeptide of any one of claims 74 to 89, wherein the polypeptide comprises from
two to twenty independently selected mutant SPINKS9 domains; and each
mutant SPINKS domain comprises an independently selected amino acid sequence of

Formula IV or SEQ D NOS: 115-134,

a1, The polypeptide of any one of claims 74 to 89, wherein the polypeptide comprises a first
and a second independently selected mutant SPINKY domain; and each of the first and
the second mutant SPINKO domains comprise an independently selected amino acid

sequence Formula IV or SEQ 1D NOS: 115-134.

92, The polypeptide of claim 91, wherein the first and the second mutant SPINK9 domains

are identical.

93, The polypeptide of claim 91, wherein the first and the second mutant SPINK9 domains

are not identical.

94, The polypeptide of any one of claims 74 to 89, wherein the polypeptide comprises a first,
a second, and a third independently selected mutant SPINK9 domain; and each of the
first, the second, and the third routant SPINKS domains comprise an independently

selected amuno acid sequence of Formula IV or SEQ ID NOS: 115-134.

9s. The polypeptide of claim 94, wherein each of said mutant SPINK? domains are identical.

96. The polypepuide of claim 94, wherein each of said mutant SPINKS domains are not
identical.

97. The polypeptide of any one of claims 74 to 89, wheren the polypeptide comprises a first

polypeptide chain and a second polypeptide chain linked through a Fe portion, wherein

-84~



WO 2024/020083 PCT/US2023/028123

98.

99

100.

101.

102.

103

104.

105

106.

107

the first polypeptide chain comprises a first and a second mutant SPINK9 domain and the
second polypeptide chain comprises a third and a fourth mutant SPINK® domain and
each of the first, second, third, and fourth mutant SPINKY domains comprise an

mdependently selected amino acid sequence of Formula IV or SEQ 1D NOS: 115-134.
The polypeptide of claim 97, wherein each of said mutant SPINKS domains are identical.

The polypeptide of claim 97, wherein each of said mutant SPINK? domains are not

wdentical.

The polypeptide of any one of claims 90 o 99, wherein adjacent
mutant SPINK9 domains are linked by direct fusion, a linker sequence, or any

combination thereof.

The polypepuide of claim 101, wherein at least one mutant SPINK9 domain ts linked to

an adjacent mutant SPINK9 domain by a linker sequence.

The polypeptide of claim 101, wherein at least one mutant SPINK9 domain ts linked to

an adjacent mutant SPINK9 domain by direct fusion.

The polypeptide of any cne of claims 100 to 102, wherein the linker sequence comprises

a cleavage site.

The polypepiide of claim 103, wherein the cleavage site is recognized by a subtilisin-like

proprotetn convertase.

The polypeptide of any one of claims 74 to 89, wheremn the polypeptide comprises a first
polypeptide chain and a second polypeptide chain linked through a Fe portion, wherein
the first polypeptide chain contains a first mutant SPINKS domain and the second
polypeptide chain contains a second mutant SPINK9 domain and each of the first and
second mutant SPINKY domains comprise an independently selected amino acid

sequence of Formula TV or SEQ ID NOS: 115-134

The polypeptide of claim 1035, wherein the first and the second mutant SPINKY domains

are identical.

The polypeptide of claim 105, wherein the first and the second mutant SPINKO domains

are not identical.
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108.

109.

110

111

The polypeptide of any one of claims 1 to 107, further comprising a signal sequence.

The polypeptide of claim 108, wherein the signal sequence 1s linked to the amino (N}-

terminus of the polypeptide by direct fusion, or by a linker sequence.

The polypeptide of claim 108, wherein the signal sequence 13 linked to the carboxy (C)-

terminus of the polypeptide by direct fusion, or by a linker sequence.

The polypeptide of any one of claims 1 to 110, further comprising an

immunoglobulin Fe region or a functional fragment thereof.

The polypeptide of claim 111, wherein the immunoglobulin Fe region or functional
fragment thereof comprises an amino acid sequence selected from the group consisting of

SEQ D NOS: 39-54,

The polypeptide of claim 111, wherein the immunoglobulin Fe region or functional

fragment thereof comprises an amino acid sequence of Formula IE

Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro X5 Cys Pro Ala Pro Xz X6 Xs Gly Xs
Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Xo Ile X7 Arg Xs Pro Glu Val
Thr Cys Val Val Xo Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Xjo Ser Thr Tyr Arg
Val Val Ser Val Leu Thr Val X1 His X1 Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
Val Ser Asn Lys X3 Leu Pro Xu4 Xos e Glu Lys Thr He Ser Lys Ala Lys Gly Gln Pro
Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gin Val Ser
Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn Gly
(Gla Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Glo Gly Asu Val Phe Ser Cys Ser
Val Xis His Glu Ala Leu Xy7 Xis His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys
(SEQ 1D NO: 24);

wherein: X is Pro or Ser; Xz 1s Glu or Pro; X5 and X4 are each independently Lue or Alg;
Xs 18 Gly or Ala; Xe 1s Met or Tyr; X7 1s Ser of Thr; Xs s Thr or Glu; Xo 15 Val or Gly;
Kie 1s Asn or Ala; Xa1 1s Leu or Asp; X1z is Glo or His; Xis 15 Ala or Gly; X 18 Ala or

Ser; X1s 18 Pro or Ser; Xie 1s Met or Leu;, Xu71s His or Lys; and Xis 13 Asn, Ser, or Phe.
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114

11s.

116.

117

118

119.

120.

121

122.

123.

124

The polypeptide of any one of claims 111 to 113, wherein the immunoglobulin Fe region
or functional fragment thereof is linked to a mutant SPINKY domatin by direct fusion, or

by a linker sequence.

The polypeptide of any one of claims 1 to 3, wherein the polypeptide comprises an amino

acid sequence selected from the group consisting of SEQ ID NOS: 55-114.

The polypeptide of any one of claims 1 to 3, wherein the polypeptide comprises an aming
acid sequence selected from the group consisting of SEQ ID NOS: 55-114, wherein

amino acids 1-3 of SEQ ID NOS: 55-114 are deleted.

The polypepuide of any one of claims 1 to 3, wherein the polypeptide consists essentially

of an amino acid sequence selected from the group consisting of SEQ D NOS: 55-114.
The polypeptide of any one of claims 1 to 3, wherein the polypeptide consisting
essentially of an amino acid sequence selected from the group consisting of SEQ 1D
NOS: 55-114, wherein amino acids 1-3 of SEQ ID NOS: 55-114 are deleted.

A nucleic acid, enceding the polypeptide of any one of claims 1-118.

A vector, comprising the nucleic acid of claim 119,

A host cell, comprising the nucleic acid of claim 119 or the vector of claim 120.

A method of producing a polypeptide comprising at least one mutant SPINKS domain,
said method comprising expressing the polypeptide in the host cell of claim 121, and
isolating the polypeptide.

A composition, comprising the polypeptide of any one of claims 1 to 118, the nucleic
acid according to claim 119, the vector according to claim 120, or the host cell according
to claim 121

A pharmaceutical composition, comprising a polypeptide of any one of claims 1 to 118,
or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier,
A method of treating or preventing a disease or condition characterized by aberrant
kallikrein activity, comprising administering to a subject in need thereof a therapeutically
effective amount of a polypeptide of any one of claims 1 to 105, or a pharmaceutically

acceptable salt thereof.
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126.

127

128.

The method of claim 125, wherein the disease or condition is characterized by aberrant

kallikrein-related peptidase 5 (KLKS) activity.
The method of claim 125 or 126, wherein the disease or condition is a skin disease.

The method of claim 125 or 126, wherein the disease or condition is Netherton

Syndrome.

The method of claim 127, wherein the skin disease is eczema, atopic eczema, atopic
dermatitis, autosomal recessive ichthyosis, ichthyosiform erythrederma, psoriasis, UV-

induced skin injury, rosacea, or a skin mfection.

The method of claim 125 or 126, wherein the disease or condition 1s selected from the
group consisting of hypersensitivity of the immune system {atopy), hyper IgH syndrome,
allergies (including allergies to food and airborne agents), asthma, allergic asthma,
chronic inflammation, rhinitis, conjunctivitis, angioedema, eosinophilia, eosinophilic
esophagitis, growth delay, fatlure to thrive, trichorrhexis mvaginata (T1), respiratory tract
infections, systemic infections, and gastrointestinal disorders.

The method of claim 125 or 126, wherein the disease or condition is cancer.

The method of claim 131, wherein the cancer is selected from the group consisting of
ovarian cancer, uterine cancer, colorectal cancer, bladder urothelial cancer, oral

squamous cell carcinoma, breast cancer, prosiate cancer, bladder cancer, cervical cancer,

melanoma, head and neck cancer ghioma, ghoblastoma multiforme, and neuroblastoma.



