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ABSTRACT

The present disclosure provides recombinant nucleic acids
comprising one or more polynucleotides encoding a Serine
Protease Inhibitor Kazal-type (SPINK) polypeptide (e.g., a
SPINKS polypeptide); viruses comprising the recombinant
nucleic acids; compositions and formulations comprising
the recombinant nucleic acids and/or viruses; methods of
their use (e.g., for the treatment of Netherton Syndrome);
and articles of manufacture or kits thereof.

Specification includes a Sequence Listing.

ICP4
1ICP4




Mar. 26, 2020 Sheet 1 of 9 US 2020/0093874 Al

Patent Application Publication

SR A101RINTAI = :

oousnbos Suipod (¢UNIJS) ¢ 2dA-Tezes] 10JIQHIU] 2SBAJOX] SULIDG = %

@owoxd snodojoIney = I

41 "D1d




US 2020/0093874 Al

Mar. 26, 2020 Sheet 2 of 9

Patent Application Publication

sjuswRfe AlojemIol = :

a0uenbas SUIPos ($HUNIJS) € 2dA1-Teze) J03QIYU] 25801 ] PULIOG = %

jowoxd snoBojorney = I

AN

21O



US 2020/0093874 Al

Mar. 26, 2020 Sheet 3 of 9

Patent Application Publication

sjuowdfe A10je[nSol = :

aouenbas Fa1pos (INIAS) ¢ 2dL-[ezesy onquuy 9589101d SULOE = %

Ioj0w104d $nO30[0110Y = (.

N S Y]

1 \\\
// \\\\\\\\
/. - R
I s I 1 _
TS FATHY 'n
1
A1 "DIA
NN
e
A Y 4
I//// \\\\
/// \\\ .
T T ]
LY N b n
137

CIEJ K



SIHOWae AI0RMNSI = E

2ouanbos Supod (SHNIAS) § 2dA1-TeZey JOUQIYU] 2SBA0LJ JULIDS = /////é

Jopowioxd snoSojoroey = I

US 2020/0093874 Al

Mar. 26, 2020 Sheet 4 of 9

NN

.

ﬁ_.

rd
U4
\\
/// \\
~ \\
s Sn T n
P PV e
I S AY

D1 DIA

Patent Application Publication



SIS AI01B[NT2I = :

soudnbas Suipoo (¢IYNILS) ¢ odAi-Tezed] I0JqIYU] 2501 UL = ”f////é

Joword snofojoraay = I

US 2020/0093874 Al

Mar. 26, 2020 Sheet S of 9

o
o

11 °O14

Patent Application Publication



US 2020/0093874 Al

'€ IGI

Mar. 26, 2020 Sheet 6 of 9

Patent Application Publication

s1dLsueI ] CYNIIR
47 "O14

gy
HOYD
“GHNIdS
2 Z 2 =
8 © & ¢
L o @ =
L o L
SS-ASH
0 IANIK |

SSASH oD

s21d0D) VNI £YNTIS
VT 'OId



US 2020/0093874 Al

Mar. 26, 2020 Sheet 7 of 9

Patent Application Publication

SEANH

ARPUOIOUN BINOL] OMNILS

v O

HONIGUT CW T

t 'O

OO




US 2020/0093874 Al

Mar. 26, 2020 Sheet 8 of 9

Patent Application Publication

SH-ARH

prasprnuy - siduosuRly CYNISS

as "Ol4

residor - sidusuel] CYNTS

~Ad

ds "D

[I—

rRIapRIU] - 5910y YINGT SYNTIS

Js "OId

ERALH SEHEIA

N3

prosdoy, - $31d00 VN SYNTIS

L

Ve DI



US 2020/0093874 Al

§5-ASH reodey AL,

A€ "O1d

Mar. 26, 2020 Sheet 9 of 9

e $S-ASH

SPILBA

abiop unbeg NS VL

qHE OIA

Patent Application Publication



US 2020/0093874 Al

COMPOSITIONS AND METHODS FOR THE
TREATMENT OF NETHERTON SYNDROME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of U.S.
Provisional Application Ser. No. 62/735,582, filed Sep. 24,
2018, which is incorporated herein by reference in its
entirety.

SUBMISSION OF SEQUENCE LISTING ON
ASCII TEXT FILE

[0002] The content of the following submission on ASCII
text file is incorporated herein by reference in its entirety: a
computer readable form (CRF) of the Sequence Listing (file
name: 761342000400SEQLIST.txt, date recorded: Sep. 23,
2019, size: 60 KB).

FIELD OF THE INVENTION

[0003] The present disclosure relates, in part, to recombi-
nant nucleic acids comprising one or more polynucleotides
encoding a Serine Protease Inhibitor Kazal-type (SPINK)
polypeptide (e.g., a human SPINKS polypeptide), viruses
comprising the same, pharmaceutical compositions, formu-
lations, and medicaments thereof, and methods of their use
(e.g., for the treatment of Netherton Syndrome).

BACKGROUND

[0004] Netherton Syndrome (NS), also referred to as
Comel-Netherton Syndrome, is a debilitating autosomal
recessive skin disorder that causes defective keratinization,
severe skin barrier defects, and recurrent infections. Patients
present shortly after birth with generalized rashes that
develop into severe ichthyosis (Comel, 1949. Dermato-
logica. 98(3):133-6). Infants with more severe NS symp-
toms are associated with failure to thrive, hypernatremic
dehydration secondary to excess fluid loss, delayed growth,
short stature, and recurrent infections (Jones et al., 1986. Br
J Dermatol. 114(6):741-3; Hausser et al., 1996. Pediatr
Dermatol. 13(3):183-99). Postnatal mortality rates for Neth-
erton Syndrome are extremely high, with up to 20% of
patients failing to reach their first birthday (Renner et al.,
2009. J Allergy Clin Immunol. 124(3):536-43).

[0005] Clinically, Netherton Syndrome is characterized by
congenital ichthyosiform erythroderma, hair shaft defects,
recurrent infections, and a defective skin barrier (Judge et
al., 1994. Br J Dermatol. 131(5):615-21; Schmuth et al.,
2013. Eur J Hum Genet. 21(2): 123-33). Hair shafts are
fragile and break easily due to trichorrhexis invaginata, or
“bamboo hair”, resulting in short sparse hair. A predisposi-
tion to allergies, asthma, and eczema is also characteristic of
NS. Ultimately, those afflicted by Netherton Syndrome often
experience chronic skin inflammation, severe dehydration,
and stunted growth.

[0006] The disease arises due to mutations in the Serine
Protease Inhibitor Kazal-type 5 (SPINKS) gene, resulting in
loss of activity of its encoded serine protease inhibitor
protein SPINKS (also known as Lympho-Epithelial Kazal-
type-related Inhibitor (LEKTI)) (Bitoun et al., 2002. J Invest
Dermatol. 118(2):352-61). In healthy individuals, SPINKS5
is one of the serine protease inhibitors expressed in the
outermost layers of the skin, and it plays a critical role in the
regulation of serine proteases which hydrolyze extracellular
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proteins that hold corneocytes together. In patients suffering
from Netherton Syndrome, the suppressive effects of
SPINKS5 on these serine proteases is abolished due to
underlying genetic mutations in the SPINKS5 gene (Komatsu
et al., 2008. J Invest Dermatol. 128(5):1148-59). Conse-
quently, hyperactivated serine proteases in the skin cause
uncontrolled desquamation, leading to a defective skin bar-
rier (Descargues et al., 2005. Nat Genet. 37(1):56-65).
[0007] Presently, there is no known cure for Netherton
Syndrome, and treatment options for patients are limited.
Current care focuses on managing the symptoms of the
disease, including using moisturizing products to minimize
scaling/cracking of the skin, and providing anti-infective
treatments when appropriate. Additionally, intravenous
administration of immunoglobulin to reduce skin infections
has gained in popularity. Unfortunately, while steroid and
retinoid products have shown some success in treating other
ichthyosis-related disorders, these products have proven
ineffective against NS, and may in fact make things worse
for affected individuals (Braun et al., 1997. Dermatology.
195(1):75). Thus, there exists a clear need for novel treat-
ment options targeting molecular correction of SPINKS
deficiencies observed in this sensitive patient population.
[0008] All references cited herein, including patent appli-
cations, patent publications, non-patent literature, and
NCBI/UniProtKB/Swiss-Prot accession numbers are herein
incorporated by reference in their entirety, as if each indi-
vidual reference were specifically and individually indicated
to be incorporated by reference.

BRIEF SUMMARY

[0009] In order to meet these and other needs, provided
herein are recombinant nucleic acids (e.g., recombinant
herpes simplex virus genomes) encoding Serine Protease
Inhibitor Kazal-type (SPINK) polypeptides (e.g., SPINKS
polypeptides) for use in viruses (e.g., herpes viruses), phar-
maceutical compositions and formulations, medicaments,
and/or methods useful for remedying SPINK deficiencies
and/or for treating an individual having, or at risk of
developing, a SPINK-associated disorder (e.g., Netherton
Syndrome, atopic dermatitis, hereditary pancreatitis, tropi-
cal calcific pancreatitis, spermatogenic failure 29, etc. The
present inventors have shown that the recombinant viruses
described herein were capable of transducing human epi-
dermal cells, successfully expressing the encoded exog-
enous SPINK (RNA and protein), and that the exogenous
polypeptide was appropriately secreted and was fully func-
tional (see e.g., Example 2). Moreover, the present inventors
have shown that the viruses described herein may be suc-
cessfully administered either topically or intradermally in
vivo without significant cytotoxicity, allowing for the
encoded human SPINK polypeptide to be expressed in and
localized to the appropriate region of the skin (see e.g.,
Example 3). Without wishing to be bound by theory, it is
believed that increasing, augmenting, and/or supplementing
the levels of SPINK polypeptide (e.g., human SPINKS5) in a
subject in need thereof by administering one or more of the
recombinant nucleic acids, viruses, compositions, and/or
medicaments described herein will: 1) enhance anti-inflam-
matory and/or anti-microbial protection of mucous epithelia;
2) reduce transepidermal water loss (TEWL); 3) inhibit
desquamation; and 4) reduce or treat skin barrier defects in
the subject. In addition, without wishing to be bound by
theory, it is believed that increasing, augmenting, and/or
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supplementing the levels of a SPINK polypeptide (e.g.,
human SPINKS) in one or more cells of a subject (by
administering any of the recombinant nucleic acids, viruses,
medicaments, and/or pharmaceutical composition described
herein) will lead to the treatment of existing skin abnormali-
ties in individuals suffering from a SPINK deficiency (e.g.,
Netherton Syndrome, atopic dermatitis, etc.), as well as will
prevent or delay reformation of skin abnormalities in the
treated areas.

[0010] Accordingly, certain aspects of the present disclo-
sure relate to a recombinant herpes virus genome comprising
one or more polynucleotides encoding a Serine Protease
Inhibitor Kazal-type (SPINK) polypeptide. In some embodi-
ments, the recombinant herpes virus genome comprises two
or more polynucleotides encoding a SPINK polypeptide. In
some embodiments, the recombinant herpes virus genome is
replication competent. In some embodiments, the recombi-
nant herpes virus genome is replication defective. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the recombinant herpes virus genome
is selected from a recombinant herpes simplex virus
genome, a recombinant varicella zoster virus genome, a
recombinant human cytomegalovirus genome, a recombi-
nant herpesvirus 6A genome, a recombinant herpesvirus 6B
genome, a recombinant herpesvirus 7 genome, a recombi-
nant Kaposi’s sarcoma-associated herpesvirus genome, and
any combinations or derivatives thereof. In some embodi-
ments that may be combined with any of the preceding
embodiments, the recombinant herpes virus genome is a
recombinant herpes simplex virus genome. In some embodi-
ments, the recombinant herpes simplex virus genome is a
recombinant type 1 herpes simplex virus (HSV-1) genome,
a recombinant type 2 herpes simplex virus (HSV-2) genome,
or any derivatives thereof. In some embodiments, the recom-
binant herpes simplex virus genome is a recombinant HSV-1
genome.

[0011] In some embodiments that may be combined with
any of the preceding embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation.
In some embodiments, the inactivating mutation is in a
herpes simplex virus gene. In some embodiments, the inac-
tivating mutation is a deletion of the coding sequence of the
herpes simplex virus gene. In some embodiments, the herpes
simplex virus gene is selected from Infected Cell Protein
(ICP) 0 (one or both copies), ICP4 (one or both copies),
1CP22, ICP27, ICP47, thymidine kinase (tk), Long Unique
Region (UL) 41, and ULS5. In some embodiments, the
recombinant herpes simplex virus genome comprises an
inactivating mutation in one or both copies of the ICP4 gene.
In some embodiments, the recombinant herpes simplex virus
genome comprises an inactivating mutation in the ICP22
gene. In some embodiments, the recombinant herpes sim-
plex virus genome comprises an inactivating mutation in the
ULA41 gene. In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
one or both copies of the ICPO gene. In some embodiments,
the recombinant herpes simplex virus genome comprises an
inactivating mutation in the ICP27 gene. In some embodi-
ments, the recombinant herpes simplex virus genome com-
prises an inactivating mutation in the UL55 gene. In some
embodiments, the recombinant herpes simplex virus genome
comprises an inactivating mutation in the Joint region. In
some embodiments, the recombinant herpes simplex virus
genome comprises a deletion of the Joint region.
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[0012] In some embodiments that may be combined with
any of the preceding embodiments, the recombinant herpes
virus genome comprises the one or more polynucleotides
encoding the SPINK polypeptide within one or more viral
gene loci. In some embodiments that may be combined with
any of the preceding embodiments, the recombinant herpes
simplex virus genome comprises the one or more polynucle-
otides encoding the SPINK polypeptide within one or both
of the ICP4 viral gene loci. In some embodiments that may
be combined with any of the preceding embodiments, the
recombinant herpes simplex virus genome comprises the
one or more polynucleotides encoding the SPINK polypep-
tide within the ICP22 viral gene locus. In some embodi-
ments that may be combined with any of the preceding
embodiments, the recombinant herpes simplex virus genome
comprises the one or more polynucleotides encoding the
SPINK polypeptide within the UL41 viral gene locus.

[0013] In some embodiments that may be combined with
any of the preceding embodiments, the SPINK polypeptide
is a human SPINK polypeptide. In some embodiments that
may be combined with any of the preceding embodiments,
the SPINK polypeptide is a Serine Protease Inhibitor Kazal-
type 5 (SPINKS) polypeptide. In some embodiments that
may be combined with any of the preceding embodiments,
the SPINK polypeptide is a human SPINKS polypeptide. In
some embodiments that may be combined with any of the
preceding embodiments, the SPINK polypeptide comprises
a sequence having at least 80%, at least 85%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%,
or 100% sequence identity to an amino acid sequence
selected from SEQ ID NOS: 7-25. In some embodiments
that may be combined with any of the preceding embodi-
ments, the SPINK polypeptide comprises a sequence having
at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to an amino acid sequence selected from SEQ ID
NOS: 7-9. In some embodiments that may be combined with
any of the preceding embodiments, the SPINK polypeptide
comprises a sequence having at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% sequence identity to the amino acid
sequence of SEQ ID NO: 7. In some embodiments that may
be combined with any of the preceding embodiments, the
SPINK polypeptide comprises a sequence having at least
80%, at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence identity
to the amino acid sequence of SEQ ID NO: 8. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the SPINK polypeptide comprises a
sequence having at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%,
or 100% sequence identity to the amino acid sequence of
SEQ ID NO: 9.

[0014] In some embodiments that may be combined with
any of the preceding embodiments, the recombinant herpes
virus genome has reduced cytotoxicity when introduced into
a target cell as compared to a corresponding wild-type
herpes virus genome. In some embodiments, the target cell
is a human cell. In some embodiments, the target cell is a cell
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of the epidermis and/or dermis. In some embodiments, the
target cell is a keratinocyte or fibroblast.

[0015] Other aspects of the present disclosure relate to a
herpes virus comprising any of the recombinant herpes virus
genomes described herein. In some embodiments, the herpes
virus is replication competent. In some embodiments, the
herpes virus is replication defective. In some embodiments
that may be combined with any of the preceding embodi-
ments, the herpes virus has reduced cytotoxicity as com-
pared to a corresponding wild-type herpes virus. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the herpes virus is selected from a
herpes simplex virus, a varicella zoster virus, a human
cytomegalovirus, a herpesvirus 6A, a herpesvirus 6B, a
herpesvirus 7, a Kaposi’s sarcoma-associated herpesvirus,
and any combinations or derivatives thereof. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the herpes virus is a herpes simplex
virus. In some embodiments, the herpes simplex virus is an
HSV-1, an HSV-2, or any derivatives thereof. In some
embodiments, the herpes simplex virus is an HSV-1.

[0016] Other aspects of the present disclosure relate to a
pharmaceutical composition comprising any of the recom-
binant herpes virus genomes described herein and/or any of
the herpes viruses described herein and a pharmaceutically
acceptable excipient. In some embodiments, the pharmaceu-
tical composition is suitable for topical, transdermal, sub-
cutaneous, intradermal, oral, sublingual, buccal, rectal, vagi-
nal, inhaled, intravenous, intraarterial, intramuscular,
intracardiac, intraosseous, intraperitoneal, transmucosal,
intravitreal, subretinal, intraarticular, peri-articular, local,
epicutaneous administration, or any combinations thereof.
In some embodiments that may be combined with any of the
preceding embodiments, the pharmaceutical composition is
suitable for topical, transdermal, subcutaneous, intradermal,
and/or transmucosal administration. In some embodiments
that may be combined with any of the preceding embodi-
ments, the pharmaceutical composition is suitable for topi-
cal, transdermal, and/or intradermal administration. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the pharmaceutical composition is
suitable for topical and/or intradermal administration. In
some embodiments that may be combined with any of the
preceding embodiments, the pharmaceutical composition is
suitable for topical administration. In some embodiments
that may be combined with any of the preceding embodi-
ments, the pharmaceutical composition comprises a meth-
ylcellulose gel (e.g., a carboxy methylcellulose gel, a
hydroxypropyl methylcellulose gel, etc.). In some embodi-
ments that may be combined with any of the preceding
embodiments, the pharmaceutical composition comprises a
phosphate buffer. In some embodiments that may be com-
bined with any of the preceding embodiments, the pharma-
ceutical composition comprises glycerol. In some embodi-
ments that may be combined with any of the preceding
embodiments, the pharmaceutical composition comprises a
lipid carrier. In some embodiments that may be combined
with any of the preceding embodiments, the pharmaceutical
composition comprises a nanoparticle carrier.

[0017] Other aspects of the present disclosure relate to the
use of any of the recombinant nucleic acids, herpes viruses,
and/or pharmaceutical compositions described herein as a
medicament.
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[0018] Other aspects of the present disclosure relate to the
use of any of the recombinant nucleic acids, herpes viruses,
and/or pharmaceutical compositions described herein in a
therapy.

[0019] Other aspects of the present disclosure relate to the
use of any of the recombinant nucleic acids, herpes viruses,
and/or pharmaceutical compositions described herein in the
production or manufacture of a medicament for treating one
or more signs or symptoms of SPINK polypeptide defi-
ciency (e.g., Netherton Syndrome, atopic dermatitis, etc.).

[0020] Other aspects of the present disclosure relate to a
method of enhancing, increasing, augmenting, and/or
supplementing the levels of a SPINK polypeptide in one or
more cells of a subject comprising administering to the
subject an effective amount of any of the herpes viruses
described herein and/or any of the pharmaceutical compo-
sitions described herein. In some embodiments, the SPINK
polypeptide is a SPINKS polypeptide (e.g., a human
SPINKS polypeptide). In some embodiments that may be
combined with any of the preceding embodiments, the
subject is a human. In some embodiments that may be
combined with any of the preceding embodiments, the
subject’s genome comprises a loss-of-function mutation in a
SPINKS gene. In some embodiments that may be combined
with any of the preceding embodiments, the herpes virus
and/or pharmaceutical composition is administered topi-
cally, transdermally, subcutaneously, epicutaneously, intra-
dermally, orally, sublingually, buccally, rectally, vaginally,
intravenously, intraarterially, intramuscularly, intraosse-
ously, intracardially, intraperitoneally, transmucosally, intra-
vitreally, subretinally, intraarticularly, periarticularly,
locally, or via inhalation to the subject. In some embodi-
ments that may be combined with any of the preceding
embodiments, the herpes virus and/or pharmaceutical com-
position is administered topically, transdermally, subcutane-
ously, intradermally, or transmucosally to the subject. In
some embodiments that may be combined with any of the
preceding embodiments, the herpes virus and/or pharmaceu-
tical composition is administered topically to the subject. In
some embodiments that may be combined with any of the
preceding embodiments, the skin of the subject is abraded
prior to administration.

[0021] Other aspects of the present disclosure relate to a
method of enhancing, increasing, augmenting, and/or
supplementing anti-inflammatory and/or anti-microbial pro-
tection of mucous epithelia in a subject in need thereof
comprising administering to the subject an effective amount
of any of the herpes viruses described herein and/or any of
the pharmaceutical compositions described herein. In some
embodiments, the subject is a human. In some embodiments
that may be combined with any of the preceding embodi-
ments, the subject’s genome comprises a loss-of-function
mutation in a SPINKS gene. In some embodiments that may
be combined with any of the preceding embodiments, the
herpes virus and/or pharmaceutical composition is admin-
istered topically, transdermally, subcutaneously, epicutane-
ously, intradermally, orally, sublingually, buccally, rectally,
vaginally, intravenously, intraarterially, intramuscularly,
intraosseously, intracardially, intraperitoneally, transmu-
cosally, intravitreally, subretinally, intraarticularly, periar-
ticularly, locally, or via inhalation to the subject. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the herpes virus and/or pharmaceutical
composition is administered topically, transdermally, sub-
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cutaneously, intradermally, or transmucosally to the subject.
In some embodiments that may be combined with any of the
preceding embodiments, the herpes virus and/or pharmaceu-
tical composition is administered topically to the subject. In
some embodiments that may be combined with any of the
preceding embodiments, the skin of the subject is abraded
prior to administration.

[0022] Other aspects of the present disclosure relate to a
method of repressing desquamation in a subject in need
thereof comprising administering to the subject an effective
amount of any of the herpes viruses described herein and/or
any of the pharmaceutical compositions described herein. In
some embodiments, the subject is a human. In some embodi-
ments that may be combined with any of the preceding
embodiments, the subject’s genome comprises a loss-of-
function mutation in a SPINKS gene. In some embodiments
that may be combined with any of the preceding embodi-
ments, the herpes virus and/or pharmaceutical composition
is administered topically, transdermally, subcutaneously,
epicutaneously, intradermally, orally, sublingually, buccally,
rectally, vaginally, intravenously, intraarterially, intramuscu-
larly, intraosseously, intracardially, intraperitoneally, trans-
mucosally, intravitreally, subretinally, intraarticularly, peri-
articularly, locally, or via inhalation to the subject. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the herpes virus and/or pharmaceutical
composition is administered topically, transdermally, sub-
cutaneously, intradermally, or transmucosally to the subject.
In some embodiments that may be combined with any of the
preceding embodiments, the herpes virus and/or pharmaceu-
tical composition is administered topically to the subject. In
some embodiments that may be combined with any of the
preceding embodiments, the skin of the subject is abraded
prior to administration.

[0023] Other aspects of the present disclosure relate to a
method of reducing or treating a skin barrier defect in a
subject in need thereof comprising administering to the
subject an effective amount of any of the herpes viruses
described herein and/or any of the pharmaceutical compo-
sitions described herein. In some embodiments, the skin
barrier defect is transepithelial water loss (TEWL). In some
embodiments that may be combined with any of the pre-
ceding embodiments, the subject is a human. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the subject’s genome comprises a
loss-of-function mutation in a SPINKS gene. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the herpes virus and/or pharmaceutical
composition is administered topically, transdermally, sub-
cutaneously, epicutaneously, intradermally, orally, sublin-
gually, buccally, rectally, vaginally, intravenously, intraarte-
rially, intramuscularly, intraosseously, intracardially,
intraperitoneally, transmucosally, intravitreally, subretinally,
intraarticularly, periarticularly, locally, or via inhalation to
the subject. In some embodiments that may be combined
with any of the preceding embodiments, the herpes virus
and/or pharmaceutical composition is administered topi-
cally, transdermally, subcutaneously, intradermally, or trans-
mucosally to the subject. In some embodiments that may be
combined with any of the preceding embodiments, the
herpes virus and/or pharmaceutical composition is admin-
istered topically to the subject. In some embodiments that
may be combined with any of the preceding embodiments,
the skin of the subject is abraded prior to administration.
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[0024] Other aspects of the present disclosure relate to a
method of providing prophylactic, palliative, or therapeutic
relief of one or more signs or symptoms of Netherton
Syndrome (NS) in a subject in need thereof comprising
administering to the subject an effective amount of any of
the herpes viruses described herein and/or any of the phar-
maceutical compositions described herein. In some embodi-
ments, the one or more signs or symptoms of NS are selected
from defective keratinization, a defective skin barrier,
chronic skin inflammation, universal pruritus, severe dehy-
dration, stunted growth, trichorrhexis invaginata and/or
trichorrhexis nodosa, leaking fluid from the skin, develop-
ment of ring-like lesions on the skin, eczema, increased
susceptibility to infection, recurrent skin infections,
increased susceptibility to allergy, development of scaly/
reddish skin, development of ichthyosis linearis circumflexa
and/or ichthyosiform erythroderma, altered immunoglobulin
levels, immature natural killer cells having reduced lytic
function, difficulty regulating body temperature, and any
combinations thereof. In some embodiments that may be
combined with any of the preceding embodiments, the one
or more sign or symptoms of NS are selected from defective
keratinization, a defective skin barrier, recurrent skin infec-
tions, congenital ichthyosiform erythroderma, ichthyosis
linearis circumflexa, trichorrhexis invaginata, chronic skin
inflammation, and any combinations thereof. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the subject is a human. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the subject’s genome comprises a
loss-of-function mutation in a SPINKS gene. In some
embodiments that may be combined with any of the pre-
ceding embodiments, the herpes virus and/or pharmaceutical
composition is administered topically, transdermally, sub-
cutaneously, epicutaneously, intradermally, orally, sublin-
gually, buccally, rectally, vaginally, intravenously, intraarte-
rially, intramuscularly, intraosseously, intracardially,
intraperitoneally, transmucosally, intravitreally, subretinally,
intraarticularly, periarticularly, locally, or via inhalation to
the subject. In some embodiments that may be combined
with any of the preceding embodiments, the herpes virus
and/or pharmaceutical composition is administered topi-
cally, transdermally, subcutaneously, intradermally, or trans-
mucosally to the subject. In some embodiments that may be
combined with any of the preceding embodiments, the
herpes virus and/or pharmaceutical composition is admin-
istered topically, transdermally, or intradermally to the sub-
ject. In some embodiments that may be combined with any
of the preceding embodiments, the herpes virus and/or
pharmaceutical composition is administered topically or
intradermally to the subject. In some embodiments that may
be combined with any of the preceding embodiments, the
herpes virus and/or pharmaceutical composition is admin-
istered intradermally to the subject. In some embodiments
that may be combined with any of the preceding embodi-
ments, the herpes virus and/or pharmaceutical composition
is administered topically to the subject. In some embodi-
ments that may be combined with any of the preceding
embodiments, the skin of the subject is abraded prior to
administration.

[0025] Other aspects of the present disclosure relate to a
method of providing prophylactic, palliative, or therapeutic
relief of one or more signs or symptoms of atopic dermatitis
in a subject in need thereof comprising administering to the
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subject an effective amount of any of the herpes viruses
described herein and/or any of the pharmaceutical compo-
sitions described herein. In some embodiments, the one or
more signs or symptoms of atopic dermatitis are selected
from itchy skin, dry skin, red to brownish-grey patches on
the skin, small raised bumps on the skin, thickened skin,
cracked skin, scaly skin, swollen skin, weeping sores, skin
infections, eyelid dermatitis, cataracts, and any combina-
tions thereof. In some embodiments that may be combined
with any of the preceding embodiments, the subject is a
human. In some embodiments that may be combined with
any of the preceding embodiments, the subject’s genome
comprises a loss-of-function mutation in a SPINKS gene. In
some embodiments that may be combined with any of the
preceding embodiments, the herpes virus and/or pharmaceu-
tical composition is administered topically, transdermally,
subcutaneously, epicutaneously, intradermally, orally, sub-
lingually, buccally, rectally, vaginally, intravenously, intraar-
terially, intramuscularly, intraosseously, intracardially, intra-
peritoneally, transmucosally, intravitreally, subretinally,
intraarticularly, periarticularly, locally, or via inhalation to
the subject. In some embodiments that may be combined
with any of the preceding embodiments, the herpes virus
and/or pharmaceutical composition is administered topi-
cally, transdermally, subcutaneously, intradermally, or trans-
mucosally to the subject. In some embodiments that may be
combined with any of the preceding embodiments, the
herpes virus and/or pharmaceutical composition is admin-
istered topically, transdermally, or intradermally to the sub-
ject. In some embodiments that may be combined with any
of the preceding embodiments, the herpes virus and/or
pharmaceutical composition is administered topically or
intradermally to the subject. In some embodiments that may
be combined with any of the preceding embodiments, the
herpes virus and/or pharmaceutical composition is admin-
istered intradermally to the subject. In some embodiments
that may be combined with any of the preceding embodi-
ments, the herpes virus and/or pharmaceutical composition
is administered topically to the subject. In some embodi-
ments that may be combined with any of the preceding
embodiments, the skin of the subject is abraded prior to
administration.

[0026] Other aspects of the present disclosure relate to an
article of manufacture or kit comprising any of the recom-
binant nucleic acids, viruses, medicaments, and/or pharma-
ceutical compositions or formulations described herein and
instructions for administration thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawings will be provided
by the Office upon request and payment of the necessary fee.
[0028] FIGS. 1A-I show schematics of wild-type and
modified herpes simplex virus genomes. FIG. 1A shows a
wild-type herpes simplex virus genome. FIG. 1B shows a
modified herpes simplex virus genome comprising deletions
of the coding sequence of ICP4 (both copies), with an
expression cassette containing a nucleic acid encoding a
human SPINKS polypeptide integrated at each of the ICP4
loci. FIG. 1C shows a modified herpes simplex virus
genome comprising deletions of the coding sequences of
ICP4 (both copies) and ICP22, with an expression cassette
containing a nucleic acid encoding a human SPINKS poly-
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peptide integrated at each of the ICP4 loci. FIG. 1D shows
a modified herpes simplex virus genome comprising dele-
tions of the coding sequences of ICP4 (both copies) and
ICP22, with an expression cassette containing a nucleic acid
encoding a human SPINKS5 polypeptide integrated at the
ICP22 locus. FIG. 1E shows a modified herpes simplex virus
genome comprising deletions of the coding sequences of
ICP4 (both copies) and UL41, with an expression cassette
containing a nucleic acid encoding a human SPINKS poly-
peptide integrated at each of the ICP4 loci. FIG. 1F shows
a modified herpes simplex virus genome comprising dele-
tions of the coding sequences of ICP4 (both copies) and
ULA41, with an expression cassette containing a nucleic acid
encoding a human SPINKS5 polypeptide integrated at the
ULA41 locus. FIG. 1G shows a modified herpes simplex virus
genome comprising deletions of the coding sequences of
ICP4 (both copies), ICP22, and UL41, with an expression
cassette containing a nucleic acid encoding a human
SPINKS polypeptide integrated at each of the ICP4 loci.
FIG. 1H shows a modified herpes simplex virus genome
comprising deletions of the coding sequences of ICP4 (both
copies), ICP22, and UL41, with an expression cassette
containing a nucleic acid encoding a human SPINKS poly-
peptide integrated at the UL41 locus. FIG. 11 shows a
modified herpes simplex virus genome comprising deletions
of the coding sequences of ICP4 (both copies), ICP22, and
ULA41, with an expression cassette containing a nucleic acid
encoding a human SPINKS5 polypeptide integrated at the
ICP22 locus.

[0029] FIGS. 2A-D show human SPINKS nucleic acid and
protein analyses in immortalized normal Kkeratinocytes
infected with HSV-S5. FIG. 2A shows the levels of codon-
optimized human SPINKS DNA present in immortalized
normal keratinocytes 48 hours after infection with HSV-S5
at the indicated MOIs, as determined by qPCR analysis.
FIG. 2B shows the levels of codon-optimized human
SPINKS transcripts present in immortalized normal kera-
tinocytes 48 hours after infection with HSV-S5 at the
indicated MOIs, as determined by qRT-PCR analysis. FIG.
2C shows western blot analysis of human SPINKS protein
expression in immortalized normal keratinocytes 48 hours
after infection with HSV-S5 at the indicated MOIs. GAPDH
was used as a loading control. FIG. 2D shows representative
immunofluorescence images of human SPINKS protein
expression in immortalized normal keratinocytes 48 hours
after infection with HSV-S5 at the indicated MOIs. DAPI
staining was used to visualize nuclei. For all experiments,
uninfected (mock) cells were used as a negative control.

[0030] FIG. 3 shows the concentration of human SPINKS
secreted into the supernatant of cultured immortalized nor-
mal keratinocytes 48 hours after infection with HSV-S5 at
the indicated MOls, as assessed by ELISA. Cell supernatant
collected from uninfected (mock) immortalized normal
keratinocytes was used as a negative control.

[0031] FIG. 4 shows the percent inhibition in proteolytic
activity of recombinant human Kallikrein 5 (KLKS) after
incubation with cell culture supernatants collected from
immortalized normal keratinocytes infected with HSV-S5 at
the indicated MOIs, as assessed in a fluorometric assay
employing a synthetic, non-natural peptide substrate of
human KLKS. Cell supernatant collected from uninfected
(mock) immortalized normal keratinocytes was used as a
negative control. Data is presented as the average +SEM.
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[0032] FIGS. 5A-F show nucleic acid and protein analy-
ses, as well as histology, of skin biopsies harvested from
control- or HSV-S5-treated BALB/c mice. FIG. SA shows
the levels of human SPINKS5 DNA present in the skin of
immunocompetent animals harvested 48 hours after topical
application of HSV-S5 or vehicle control, as assessed by
qPCR analysis. FIG. 5B shows the levels of human SPINKS5
transcripts present in the skin of immunocompetent animals
harvested 48 hours after topical application of HSV-S5 or
vehicle control, as assessed by qRT-PCR analysis. FIG. 5C
shows the levels of human SPINKS DNA present in the skin
of immunocompetent animals harvested 48 hours after intra-
dermal injection of HSV-S5 or vehicle control, as assessed
by qPCR analysis. FIG. 5D shows the levels of human
SPINKS transcripts present in the skin of immunocompetent
animals harvested 48 hours after intradermal injection of
HSV-S5 or vehicle control, as assessed by qRT-PCR analy-
sis. For qPCR and qRT-PCR analyses, vehicle control data
is presented as the average of two tissue samples (two
replicates/tissue sample) +SEM, and HSV-S5 data is pre-
sented as the average of six tissue samples (two replicates/
tissue sample) +SEM. FIG. 5E shows representative immu-
nofluorescence images of human SPINKS and mouse
filaggrin protein expression in skin biopsies harvested from
BALB/c mice 48 hours after topical application of HSV-S5
or vehicle control. DAPI staining was used to visualize
nuclei. FIG. 5F shows representative histology of mouse
skin biopsies harvested from BALB/c mice 48 hours after
topical application of HSV-S5 or vehicle control.

DETAILED DESCRIPTION

[0033] In some embodiments, the present disclosure
relates to recombinant nucleic acids (e.g., recombinant her-
pes viral genomes) comprising one or more polynucleotides
encoding a Serine Protease Inhibitor Kazal-type (SPINK)
polypeptide (e.g., a human SPINKS polypeptide), and/or use
of these recombinant nucleic acids in viruses (e.g., herpes
viruses), compositions, formulations, medicaments, and/or
methods in order to supplement or treat SPINK gene defi-
ciencies (e.g., in a subject whose genome naturally harbors
a loss-of-function and/or pathogenic variant of a SPINK
gene), and/or provide medical intervention to a subject in
need thereof (e.g., to provide prophylactic, palliative, and/or
therapeutic relief to one or more diseases or disorders arising
from a SPINK gene deficiency (e.g., Netherton Syndrome,
atopic dermatitis, etc.). Without wishing to be bound by
theory, it is believed that the recombinant nucleic acids,
viruses, compositions, formulations, medicaments, and/or
methods described herein will help to treat the existing skin
abnormalities in individuals suffering from Netherton Syn-
drome and/or atopic dermatitis, as well as prevent or delay
reformation of skin abnormalities in treated subjects.
[0034] The following description sets forth exemplary
methods, parameters, and the like. It should be recognized,
however, that such description is not intended as a limitation
on the scope of the present disclosure but is instead provided
as a description of exemplary embodiments.

1. GENERAL TECHNIQUES

[0035] The techniques and procedures described or refer-
enced herein are generally well understood and commonly
employed using conventional methodology by those skilled
in the art, such as, for example, the widely utilized meth-
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odologies described in Sambrook et al., 2001. Molecular
Cloning: A Laboratory Manual 3d edition Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y.; Current
Protocols in Molecular Biology (F. M. Ausubel, et al. eds.,
(2003)); the series Methods in Enzymology (Academic
Press, Inc.): PCR 2: A Practical Approach (M. J. MacPher-
son, B. D. Hames and G. R. Taylor eds. (1995)), Harlow and
Lane, eds. (1988); Oligonucleotide Synthesis (M. J. Gait,
ed., 1984); Methods in Molecular Biology, Humana Press;
Cell Biology: A Laboratory Notebook (J. E. Cellis, ed.,
1998) Academic Press; Animal Cell Culture (R. 1. Freshney),
ed., 1987); Introduction to Cell and Tissue Culture (J. P.
Mather and P. E. Roberts, 1998) Plenum Press; Cell and
Tissue Culture: Laboratory Procedures (A. Doyle, J. B.
Griffiths, and D. G. Newell, eds., 1993-8) J. Wiley and Sons;
Gene Transfer Vectors for Mammalian Cells (I. M. Miller
and M. P. Calos, eds., 1987); PCR: The Polymerase Chain
Reaction, (Mullis et al., eds., 1994); Short Protocols in
Molecular Biology (Wiley and Sons, 1999).

1I. DEFINITIONS

[0036] Before describing the present disclosure in detail, it
is to be understood that the present disclosure is not limited
to particular compositions or biological systems, which can,
of course, vary. It is also to be understood that the termi-
nology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting.
[0037] As used herein, the singular forms “a”, “an” and
“the” include plural referents unless the content clearly
dictates otherwise. Thus, for example, reference to “a mol-
ecule” optionally includes a combination of two or more
such molecules, and the like.

[0038] As used herein, the term “and/or” may include any
and all combinations of one or more of the associated listed
items. For example, the term “a and/or b” may refer to “a
alone”, “b alone”, “a or b”, or “a and b”; the term “a, b,
and/or ¢” may refer to “a alone”, “b alone”, “c alone”, “a or
b”, “aorc”, “b or ¢”, “a, b, or ¢”, “a and b”, “a and ¢”, or
“a, b, and ¢”; etc.

[0039] As used herein, the term “about” refers to the usual
error range for the respective value readily known to the
skilled person in this technical field. Reference to “about” a
value or parameter herein includes (and describes) embodi-
ments that are directed to that value or parameter per se.
[0040] It is understood that aspects and embodiments of
the present disclosure include “comprising”, “consisting”,
and “consisting essentially of” aspects and embodiments
[0041] As used herein, the terms “polynucleotide”,
“nucleic acid sequence”, “nucleic acid”, and variations
thereof shall be generic to polydeoxyribonucleotides (con-
taining 2-deoxy-D-ribose), to polyribonucleotides (contain-
ing D-ribose), to any other type of polynucleotide that is an
N-glycoside of a purine or pyrimidine base, and to other
polymers containing non-nucleotidic backbones, provided
that the polymers contain nucleobases in a configuration that
allows for base pairing and base stacking, as found in DNA
and RNA. Thus, these terms include known types of nucleic
acid sequence modifications, for example, substitution of
one or more of the naturally occurring nucleotides with an
analog, and inter-nucleotide modifications.

[0042] As used herein, a nucleic acid is “operatively
linked” or “operably linked” when it is placed into a
functional relationship with another nucleic acid sequence.
For example, a promoter or enhancer is operably linked to
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a coding sequence if it affects the transcription of the
sequence; or a ribosome binding site is operably linked to a
coding sequence if it is positioned so as to facilitate trans-
lation. Generally, “operatively linked” or “operably linked”
means that the DNA sequences being linked are contiguous.
[0043] As used herein, the term “vector” refers to discrete
elements that are used to introduce heterologous nucleic
acids into cells for either expression or replication thereof.
An expression vector includes vectors capable of expressing
nucleic acids that are operatively linked with regulatory
sequences, such as promoter regions, that are capable of
effecting expression of such nucleic acids. Thus, an expres-
sion vector may refer to a DNA or RNA construct, such as
a plasmid, a phage, recombinant virus or other vector that,
upon introduction into an appropriate host cell, results in
expression of the nucleic acids. Appropriate expression
vectors are well known to those of skill in the art and include
those that are replicable in eukaryotic cells and those that
remain episomal or those which integrate into the host cell
genome.

[0044] As used herein, an “open reading frame” or “ORF”
refers to a contiguous stretch of nucleic acids, either DNA
or RNA, that encode a protein or polypeptide. Typically, the
nucleic acid comprises a translation start signal or initiation
codon, such as ATG or AUG, and a termination codon.
[0045] As used herein, an “untranslated region” or “UTR”
refers to untranslated nucleic acids at the 5' and/or 3' ends of
an open reading frame. The inclusion of one or more UTRs
in a polynucleotide may affect post-transcriptional regula-
tion, mRNA stability, and/or translation of the polynucle-
otide.

[0046] As used herein, the term “transgene” refers to a
polynucleotide that is capable of being transcribed into RNA
and translated and/or expressed under appropriate condi-
tions, after being introduced into a cell. In some embodi-
ments, it confers a desired property to a cell into which it
was introduced, or otherwise leads to a desired therapeutic
or diagnostic outcome.

[0047] As used herein, the terms “polypeptide,” “protein,”
and “peptide” are used interchangeably and may refer to a
polymer of two or more amino acids.

[0048] As used herein, a “subject”, “host”, or an “indi-
vidual” refers to any animal classified as a mammal, includ-
ing humans, domestic and farm animals, and zoo, sports, or
pet animals, such as dogs, horses, cats, cows, as well as
animals used in research, such as mice, rats, hamsters,
rabbits, and non-human primates, etc. In some embodi-
ments, the mammal is human.

[0049] As used herein, the terms “pharmaceutical formu-
lation” or “pharmaceutical composition” refer to a prepara-
tion which is in such a form as to permit the biological
activity of the active ingredient(s) to be effective, and which
contains no additional components which are unacceptably
toxic to a subject to which the composition or formulation
would be administered. “Pharmaceutically acceptable”
excipients (e.g., vehicles, additives) are those which can
reasonably be administered to a subject mammal to provide
an effective dose of the active ingredient(s) employed.
[0050] As used herein, an “effective amount” is at least the
minimum amount required to affect a measurable improve-
ment or prevention of one or more symptoms of a particular
disorder. An “effective amount” may vary according to
factors such as the disease state, age, sex, and weight of the
patient. An effective amount is also one in which any toxic
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or detrimental effects of the treatment are outweighed by the
therapeutically beneficial effects. For prophylactic use, ben-
eficial or desired results include results such as eliminating
or reducing the risk, lessening the severity, or delaying the
onset of the disease, its complications and intermediate
pathological phenotypes presenting during development of
the disease. For therapeutic use, beneficial or desired results
include clinical results such as decreasing one or more
symptoms resulting from the disease, increasing the quality
of life of those suffering from the disease, decreasing the
dose of other medications used to treat symptoms of the
disease, delaying the progression of the disease, and/or
prolonging survival. An effective amount can be adminis-
tered in one or more administrations. For purposes of the
present disclosure, an effective amount of a recombinant
nucleic acid, virus, and/or pharmaceutical composition is an
amount sufficient to accomplish prophylactic or therapeutic
treatment either directly or indirectly. As is understood in the
clinical context, an effective amount of a recombinant
nucleic acid, virus, and/or pharmaceutical composition may
or may not be achieved in conjunction with another drug,
compound, or pharmaceutical composition. Thus, an “effec-
tive amount” may be considered in the context of adminis-
tering one or more therapeutic agents, and a single agent
may be considered to be given in an effective amount if, in
conjunction with one or more other agents, a desirable result
may be or is achieved.

[0051] As used herein, “treatment” refers to clinical inter-
vention designed to alter the natural course of the individual
or cell being treated during the course of clinical pathology.
Desirable effects of treatment include decreasing the rate of
disease/disorder/defect progression, ameliorating or palliat-
ing the disease/disorder/defect state, and remission or
improved prognosis. For example, an individual is success-
fully “treated” if one or more symptoms associated with
Netherton Syndrome and/or atopic dermatitis are mitigated
or eliminated.

[0052] As used herein, the term “delaying progression of”
a disease/disorder/defect refers to deferring, hindering,
slowing, retarding, stabilizing, and/or postponing develop-
ment of the disease/disorder/defect. This delay can be of
varying lengths or time, depending on the history of the
disease/disorder/defect and/or the individual being treated.
As is evident to one of ordinary skill in the art, a sufficient
or significant delay can, in effect, encompass prevention, in
that the individual does not develop the disease.

III. RECOMBINANT NUCLEIC ACIDS

[0053] Certain aspects of the present disclosure relate to
recombinant nucleic acids (e.g., isolated recombinant
nucleic acids) comprising one or more (e.g., one or more,
two or more, three or more, four or more, five or more, ten
or more, etc.) polynucleotides encoding a Serine Protease
Inhibitor Kazal-type (SPINK) polypeptide. In some embodi-
ments, the recombinant nucleic acid comprises one poly-
nucleotide encoding a SPINK polypeptide. In some embodi-
ments, the recombinant nucleic acid comprises two
polynucleotides encoding a SPINK polypeptide. In some
embodiments, the SPINK polypeptide is a human SPINK
polypeptide. In some embodiments, the SPINK polypeptide
is a Serine Protease Inhibitor Kazal-type 5 (SPINKS) poly-
peptide. In some embodiments, the SPINKS polypeptide is
a human SPINKS polypeptide.
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[0054] In some embodiments, the recombinant nucleic
acid is a vector. In some embodiments, the recombinant
nucleic acid is a viral vector. In some embodiments, the
recombinant nucleic acid is a herpes viral vector. In some
embodiments, the recombinant nucleic acid is a herpes
simplex virus amplicon. In some embodiments, the recom-
binant nucleic acid is a recombinant herpes virus genome. In
some embodiments, the recombinant nucleic acid is a
recombinant herpes simplex virus genome. In some embodi-
ments, the recombinant nucleic acid is a recombinant type 1
herpes simplex virus (HSV-1) genome.

[0055]

[0056] In some embodiments, the present disclosure
relates to a recombinant nucleic acid comprising one or
more polynucleotides comprising the coding sequence of a
SPINK gene, or portions thereof (e.g., the coding sequence
corresponding to one or more Kazal-type domains resulting
from proteolytic cleavage (e.g., via furin cleavage) of a
full-length SPINK polypeptide). Any suitable SPINK gene
(including any isoform thereof) known in the art may be
encoded by a polynucleotide of the present disclosure,
including, for example, a SPINKI1 gene (e.g., a human
SPINK1 gene (see e.g., NCBI Gene ID: 6690)), a SPINK2
gene (e.g., a human SPINK2 gene (see e.g., NCBI Gene ID:
6691)), a SPINK4 gene (e.g., a human SPINK4 gene (see
e.g., NCBI Gene ID: 27920)), a SPINKS5 gene (e.g., a human
SPINKS gene (see e.g., NCBI Gene ID: 11005)), a SPINK6
gene (e.g., a human SPINKG6 gene (see e.g., NCBI Gene ID:
404203)), a SPINK7 gene (e.g., a human SPINK?7 gene (see
e.g., NCBI Gene ID: 84651)), a SPINKS8 gene (e.g., a human
SPINKS gene (see e.g., NCBI Gene ID: 646424)), a SPINK9
gene (e.g., a human SPINKO gene (see e.g., NCBI Gene ID:
643394)), a SPINK13 gene (e.g., a human SPINK13 gene
(see e.g., NCBI Gene ID: 153218)), a SPINK14 gene (e.g.,
a human SPINK 14 gene (see e.g., NCBI Gene ID: 408187)),
etc. In some embodiments, a polynucleotide of the present
disclosure comprises a sequence having at least 75%, at least
80%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99%, or 100% sequence identity to the
sequence of any SPINK gene (and/or coding sequences
thereof) described herein or known in the art. Methods of
identifying SPINK gene homologs/orthologs from addi-
tional species are known to one of ordinary skill in the art,
including, for example, using a nucleic acid sequence align-
ment program such as the BLAST® blastn suite. In some
embodiments, one or more polynucleotides of the present
disclosure comprises the coding sequence of a human
SPINK gene.

[0057] In some embodiments, a polynucleotide of the
present disclosure comprises a codon-optimized variant of
any SPINK gene described herein or known in the art. In
some embodiments, use of a codon-optimized variant of a
SPINK gene increases stability and/or yield of heterologous
expression (RNA and/or protein) of the encoded SPINK
polypeptide in a target cell (e.g., a target human cell such as
a human keratinocyte or fibroblast), as compared to the
stability and/or yield of heterologous expression of a corre-
sponding non-codon-optimized, wild-type sequence. Any
suitable method known in the art for performing codon
optimization of a sequence for expression in one or more
target cells (e.g., one or more human cells) may be used,
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including, for example, by the methods described by Fath et
al. (PLoS One. 2011 Mar. 3; 6(3): e17596).

[0058] In some embodiments, the present disclosure
relates to a recombinant nucleic acid comprising one or
more polynucleotides comprising the coding sequence of a
SPINKS gene (e.g., a human SPINKS5 gene), or portions
thereof (e.g., the coding sequence corresponding to one or
more Kazal-type domains resulting from proteolytic cleav-
age (e.g., via furin cleavage) of a full-length SPINKS
polypeptide). Any suitable SPINKS gene (including any
isoform thereof) known in the art may be encoded by a
polynucleotide of the present disclosure, including, for
example, a human SPINKS gene (see e.g., NCBI Gene ID:
11005; SEQ ID NOS: 1, 3, or 5), a chimpanzee SPINKS
gene (see e.g., NCBI Gene ID: 462173), a mouse SPINKS
gene (see e.g., NCBI Gene ID: 72432), a rat SPINKS gene
(see e.g., NCBI Gene ID: 361319), a dog SPINKS5 gene (see
e.g., NCBI Gene ID: 478055), a cow SPINKS gene (see e.g.,
NCBI Gene ID: 526637), a horse SPINKS gene (see e.g.,
NCBI Gene ID: 100071873), a pig SPINKS gene (see e.g.,
NCBI Gene ID: 100512160), etc. In some embodiments, a
polynucleotide of the present disclosure comprises a
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to the sequence of any
SPINKS5 gene (and/or the coding sequences thereof)
described herein or known in the art. Methods of identifying
SPINKS5 gene homologs/orthologs from additional species
are known to one of ordinary skill in the art, including, for
example, using a nucleic acid sequence alignment program
such as the BLAST® blastn suite.

[0059] In some embodiments, a polynucleotide of the
present disclosure comprises a codon-optimized variant of
any SPINKS gene described herein or known in the art (see
e.g., SEQID NOS: 2,4, 6, or 26). In some embodiments, use
of a codon-optimized variant of a SPINKS gene (e.g., a
codon-optimized variant of a human SPINKS gene)
increases stability and/or yield of heterologous expression
(RNA and/or protein) of the encoded SPINKS polypeptide in
a target cell (e.g., a target human cell such as a human
keratinocyte or fibroblast), as compared to the stability
and/or yield of heterologous expression of a corresponding
non-codon-optimized, wild-type sequence. Any suitable
method known in the art for performing codon optimization
of'a sequence for expression in one or more target cells (e.g.,
one or more human cells) may be used, including, for
example, by the methods described by Fath et al. (PLoS
One. 2011 Mar. 3; 6(3): e17596).

[0060] In some embodiments, one or more polynucle-
otides of the present disclosure comprises the coding
sequence of a human SPINKS gene (or a codon-optimized
variant thereof), or portions thereof (e.g., the coding
sequence corresponding to one or more Kazal-type domains
resulting from proteolytic cleavage (e.g., via human furin
cleavage) of a full-length human SPINKS5 polypeptide). In
some embodiments, a polynucleotide of the present disclo-
sure comprises a sequence having at least 75%, at least 80%,
at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% sequence identity to a sequence
selected from SEQ ID NOS: 1-6 and 26. In some embodi-
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ments, a polynucleotide of the present disclosure comprises
a sequence selected from SEQ ID NOS: 1-6 and 26. In some
embodiments, a polynucleotide of the present disclosure
comprises a sequence selected from SEQ ID NOS: 2, 4, 6,
and 26.

[0061] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of SEQ ID NO: 1 or SEQ ID NO:
2. In some embodiments, a polynucleotide of the present
disclosure comprises the sequence of SEQ ID NO: 1 or SEQ
ID NO: 2. In some embodiments, a polynucleotide of the
present disclosure comprises the sequence of SEQ ID NO:
2.

[0062] In some embodiments, a polynucleotide of the
present disclosure comprises a 5' truncation, a 3' truncation,
or a fragment of the sequence of SEQ ID NO: 1 or SEQ ID
NO: 2. In some embodiments, the 5' truncation, 3' trunca-
tion, or fragment of the sequence of SEQ ID NO: 1 or SEQ
ID NO: 2 is a polynucleotide that has at least 25, at least 50,
at least 75, at least 100, at least 125, at least 150, at least 175,
at least 200, at least 250, at least 300, or at least 350, at least
400, at least 450, at least 500, at least 750, at least 1000, at
least 1250, at least 1500, at least 1750, at least 2000, at least
2250, at least 2500, at least 2750, at least 3000, at least 3250,
but fewer than 3285 consecutive nucleotides of SEQ ID NO:
1 or SEQ ID NO: 2. In some embodiments, a polynucleotide
of the present disclosure comprises a sequence having at
least 75%, at least 80%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to the sequence of nucleic acids 1-3282 of
SEQ ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 1-3282 of SEQ ID NO: 1 or SEQ
ID NO: 2.

[0063] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 82-198 of SEQ ID
NO: 1 or SEQ ID NO: 2. In some embodiments, a poly-
nucleotide of the present disclosure comprises the sequence
of nucleic acids 82-198 of SEQ ID NO: 1 or SEQ ID NO:
2

[0064] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 271-459 of SEQ ID
NO: 1 or SEQ ID NO: 2. In some embodiments, a poly-
nucleotide of the present disclosure comprises the sequence
of nucleic acids 271-459 of SEQ ID NO: 1 or SEQ ID NO:
2

[0065] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
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75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 463-648 of SEQ ID
NO: 1 or SEQ ID NO: 2. In some embodiments, a poly-
nucleotide of the present disclosure comprises the sequence
of nucleic acids 463-648 of SEQ ID NO: 1 or SEQ ID NO:
2.

[0066] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 9'7%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 655-855 of SEQ ID
NO: 1 or SEQ ID NO: 2. In some embodiments, a poly-
nucleotide of the present disclosure comprises the sequence
of nucleic acids 655-855 of SEQ ID NO: 1 or SEQ ID NO:
2.

[0067] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 871-1056 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 871-1056 of SEQ ID NO: 1 or
SEQ ID NO: 2.

[0068] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 1081-1269 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 1081-1269 of SEQ ID NO: 1 or
SEQ ID NO: 2.

[0069] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 1291-1467 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 1291-1467 of SEQ ID NO: 1 or
SEQ ID NO: 2.

[0070] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 1468-1653 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 1468-1653 of SEQ ID NO: 1 or
SEQ ID NO: 2.
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[0071] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 1681-1866 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 1681-1866 of SEQ ID NO: 1 or
SEQ ID NO: 2.

[0072] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 1876-2064 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 1876-2064 of SEQ ID NO: 1 or
SEQ ID NO: 2.

[0073] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 2101-2271 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 2101-2271 of SEQ ID NO: 1 or
SEQ ID NO: 2.

[0074] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 2302-2490 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 2302-2490 of SEQ ID NO: 1 or
SEQ ID NO: 2.

[0075] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 2527-2715 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 2527-2715 of SEQ ID NO: 1 or
SEQ ID NO: 2.

[0076] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 2728-3003 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
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polynucleotide of the present disclosure comprises the
sequence of nucleic acids 2728-3003 of SEQ ID NO: 1 or
SEQ ID NO: 2.

[0077] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of nucleic acids 3049-3234 of SEQ
ID NO: 1 or SEQ ID NO: 2. In some embodiments, a
polynucleotide of the present disclosure comprises the
sequence of nucleic acids 3049-3234 of SEQ ID NO: 1 or
SEQ ID NO: 2.

[0078] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of SEQ ID NO: 3 or SEQ ID NO:
4. In some embodiments, a polynucleotide of the present
disclosure comprises the sequence of SEQ ID NO: 3 or SEQ
ID NO: 4. In some embodiments, a polynucleotide of the
present disclosure comprises the sequence of SEQ ID NO:
4.

[0079] In some embodiments, a polynucleotide of the
present disclosure comprises a 5' truncation, a 3' truncation,
or a fragment of the sequence of SEQ ID NO: 3 or SEQ ID
NO: 4. In some embodiments, the 5' truncation, 3' trunca-
tion, or fragment of the sequence of SEQ ID NO: 3 or SEQ
ID NO: 4 is a polynucleotide that has at least 25, at least 50,
at least 75, at least 100, at least 125, at least 150, at least 175,
at least 200, at least 250, at least 300, or at least 350, at least
400, at least 450, at least 500, at least 750, at least 1000, at
least 1250, at least 1500, at least 1750, at least 2000, at least
2250, at least 2500, at least 2750, but fewer than 2751
consecutive nucleotides of SEQ ID NO: 3 or SEQ ID NO:
4. In some embodiments, a polynucleotide of the present
disclosure comprises a sequence having at least 75%, at least
80%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99%, or 100% sequence identity to the
sequence of nucleic acids 1-2748 of SEQ ID NO: 3 or SEQ
ID NO: 4. In some embodiments, a polynucleotide of the
present disclosure comprises the sequence of nucleic acids
1-2748 of SEQ ID NO: 3 or SEQ ID NO: 4.

[0080] In some embodiments, a polynucleotide of the
present disclosure comprises a sequence having at least
75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% sequence
identity to the sequence of SEQ ID NO: 5, SEQ ID NO: 6,
or SEQ ID NO: 26. In some embodiments, a polynucleotide
of the present disclosure comprises the sequence of SEQ ID
NO: 5, SEQ ID NO: 6, or SEQ ID NO: 26. In some
embodiments, a polynucleotide of the present disclosure
comprises the sequence of SEQ ID NO: 6. In some embodi-
ments, a polynucleotide of the present disclosure comprises
the sequence of SEQ ID NO: 26.

[0081] In some embodiments, a polynucleotide of the
present disclosure comprises a 5' truncation, a 3' truncation,
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or a fragment of the sequence of SEQ ID NO: 5, SEQ ID
NO: 6, or SEQ ID NO: 26. In some embodiments, the 5'
truncation, 3' truncation, or fragment of the sequence of SEQ
ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 26 is a
polynucleotide that has at least 25, at least 50, at least 75, at
least 100, at least 125, at least 150, at least 175, at least 200,
at least 250, at least 300, or at least 350, at least 400, at least
450, at least 500, at least 750, at least 1000, at least 1250, at
least 1500, at least 1750, at least 2000, at least 2250, at least
2500, at least 2750, at least 3000, but fewer than 3195
consecutive nucleotides of SEQ ID NO: 5, SEQ ID NO: 6,
or SEQ ID NO: 26. In some embodiments, a polynucleotide
of the present disclosure comprises a sequence having at
least 75%, at least 80%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to the sequence of nucleic acids 1-3192 of
SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 26. In some
embodiments, a polynucleotide of the present disclosure
comprises the sequence of nucleic acids 1-3192 of SEQ ID
NO: 5, SEQ ID NO: 6, or SEQ ID NO: 26.

[0082] A polynucleotide of the present disclosure encod-
ing a SPINK polypeptide (e.g., a human SPINKS polypep-
tide) may further encode additional coding and non-coding
sequences. Examples of additional coding and non-coding
sequences may include, but are not limited to, sequences
encoding additional polypeptide tags (e.g., encoded in-frame
with the SPINK protein in order to produce a fusion protein),
introns (e.g., native, modified, or heterologous introns), 5'
and/or 3' UTRs (e.g., native, modified, or heterologous 5'
and/or 3' UTRs), and the like. Examples of suitable poly-
peptide tags may include, but are not limited, to any com-
bination of purification tags, such as his-tags, flag-tags,
maltose binding protein and glutathione-S-transferase tags,
detection tags, such as tags that may be detected photometri-
cally (e.g., green fluorescent protein, red fluorescent protein,
etc.) and tags that have a detectable enzymatic activity (e.g.,
alkaline phosphatase, etc.), tags containing secretory
sequences, signal sequences, leader sequences, and/or sta-
bilizing sequences, protease cleavage sites (e.g., furin cleav-
age sites, TEV cleavage sites, Thrombin cleavage sites, etc.),
and the like. In some embodiments, the 5' and/or 3'UTRs
increase the stability, localization, and/or translational effi-
ciency of the polynucleotides. In some embodiments, the 5'
and/or 3'UTRs improve the level and/or duration of protein
expression. In some embodiments, the 5' and/or 3'UTRs
include elements (e.g., one or more miRNA binding sites,
etc.) that may block or reduce off-target expression (e.g.,
inhibiting expression in specific cell types (e.g., neuronal
cells), at specific times in the cell cycle, at specific devel-
opmental stages, etc.). In some embodiments, the 5' and/or
3'UTRs include elements (e.g., one or more miRNA binding
sites, etc.) that may enhance effector protein expression in
specific cell types (such as human keratinocytes and/or
fibroblasts).

[0083] In some embodiments, a polynucleotide of the
present disclosure is operably linked to one or more (e.g.,
one or more, two or more, three or more, four or more, five
or more, ten or more, etc.) regulatory sequences. The term
“regulatory sequence” may include enhancers, insulators,
promoters, and other expression control elements (e.g.,
polyadenylation signals). Any suitable enhancer(s) known in
the art may be used, including, for example, enhancer
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sequences from mammalian genes (such as globin, elastase,
albumin, o-fetoprotein, insulin and the like), enhancer
sequences from a eukaryotic cell virus (such as SV40
enhancer on the late side of the replication origin (bp
100-270), the cytomegalovirus early promoter enhancer, the
polyoma enhancer on the late side of the replication origin,
adenovirus enhancers, and the like), and any combinations
thereof. Any suitable insulator(s) known in the art may be
used, including, for example, herpes simplex virus (HSV)
chromatin boundary (CTRL/CTCF-binding/insulator) ele-
ments CTRL1 and/or CTRL2, chicken hypersensitive site 4
insulator (cHS4), human HNRPA2B1-CBX3 ubiquitous
chromatin opening element (UCOE), the scaffold/matrix
attachment region (S/MAR) from the human interferon beta
gene (IFNB1), and any combinations thereof. Any suitable
promoter (e.g., suitable for transcription in mammalian host
cells) known in the art may be used, including, for example,
promoters obtained from the genomes of viruses (such as
polyoma virus, fowlpox virus, adenovirus (such as Adeno-
virus 2), bovine papilloma virus, avian sarcoma virus, cyto-
megalovirus, a retrovirus, hepatitis-B virus, Simian Virus 40
(SV40), and the like), promoters from heterologous mam-
malian genes (such as the actin promoter (e.g., the f-actin
promoter), a ubiquitin promoter (e.g., a ubiquitin C (UbC)
promoter), a phosphoglycerate kinase (PGK) promoter, an
immunoglobulin promoter, from heat-shock protein promot-
ers, and the like), promoters from native and/or homologous
mammalian genes (e.g., human SPINK gene promoters),
synthetic promoters (such as the CAGG promoter), and any
combinations thereof, provided such promoters are compat-
ible with the host cells. Regulatory sequences may include
those which direct constitutive expression of a nucleic acid,
as well as tissue-specific regulatory and/or inducible or
repressible sequences.

[0084] In some embodiments, a polynucleotide of the
present disclosure is operably linked to one or more heter-
ologous promoters. In some embodiments, the one or more
heterologous promoters are one or more of constitutive
promoters, tissue-specific promoters, temporal promoters,
spatial promoters, inducible promoters and repressible pro-
moters. In some embodiments, the one or more heterologous
promoters are one or more of the human cytomegalovirus
(HCMV) immediate early promoter, the human elongation
factor-1 (EF1) promoter, the human [-actin promoter, the
human UbC promoter, the human PGK promoter, the syn-
thetic CAGG promoter, and any combinations thereof. In
some embodiments, a polynucleotide of the present disclo-
sure is operably linked to an HCMV promoter.

[0085] In some embodiments, a recombinant nucleic acid
of the present disclosure does not comprise a polynucleotide
comprising the coding sequence of (e.g., a transgene encod-
ing) a Collagen alpha-1 (VII) chain polypeptide (COLT). In
some embodiments, a recombinant nucleic acid of the pres-
ent disclosure does not comprise a polynucleotide compris-
ing the coding sequence of (e.g., a transgene encoding) a
Lysyl hydroxylase 3 polypeptide (LH3). In some embodi-
ments, a recombinant nucleic acid of the present disclosure
does not comprise a polynucleotide comprising the coding
sequence of (e.g., a transgene encoding) a Keratin type I
cytoskeletal 17 polypeptide (KRT17). In some embodi-
ments, a recombinant nucleic acid of the present disclosure
does not comprise a polynucleotide comprising the coding
sequence of (e.g., a transgene encoding) a transglutaminase
(TGM) polypeptide (e.g., a human transglutaminase poly-
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peptide such as a human TGM1 polypeptide). In some
embodiments, a recombinant nucleic acid of the present
disclosure does not comprise a polynucleotide comprising
the coding sequence of (e.g., a transgene encoding) a cos-
metic protein (e.g., collagen proteins, fibronectins, elastins,
lumicans, vitronectins/vitronectin receptors, laminins, neu-
romodulators, fibrillins, additional dermal extracellular
matrix proteins, etc.). In some embodiments, a recombinant
nucleic acid of the present disclosure does not comprise a
polynucleotide comprising the coding sequence of (e.g., a
transgene encoding) an antibody (e.g., a full-length anti-
body, an antibody fragments, etc.). In some embodiments, a
recombinant nucleic acid of the present disclosure does not
comprise a polynucleotide comprising the coding sequence
of (e.g., a transgene encoding) a Collagen alpha-1 (VII)
chain polypeptide, a Lysyl hydroxylase 3 polypeptide, a
Keratin type I cytoskeletal 17 polypeptide, and/or any chi-
meric polypeptides thereof. In some embodiments, a recom-
binant nucleic acid of the present disclosure does not com-
prise a polynucleotide comprising the coding sequence of
(e.g., a transgene encoding) a Collagen alpha-1 (VII) chain
polypeptide, a Lysyl hydroxylase 3 polypeptide, a Keratin
type I cytoskeletal 17 polypeptide, a transglutaminase
(TGM) polypeptide, a cosmetic protein, an antibody, and/or
any chimeric polypeptides thereof.

[0086] SPINK Polypeptides

[0087] In some embodiments, the present disclosure
relates to one or more polynucleotides encoding a SPINK
polypeptide, or any portions thereof (e.g., the amino acid
sequence of one or more Kazal-type domains resulting from
proteolytic cleavage (e.g., via furin cleavage) of a full-length
SPINK polypeptide). Any suitable SPINK polypeptide (or
portions thereof) known in the art may be encoded by a
polynucleotide of the present disclosure, including, for
example, a SPINK1 polypeptide (e.g., a human SPINK1
polypeptide (see e.g., UniProt accession number: PO0995)),
a SPINK2 polypeptide (e.g., a human SPINK?2 polypeptide
(see e.g., UniProt accession number: P20155)), a SPINK4
polypeptide (e.g., a human SPINK4 polypeptide (see e.g.,
UniProt accession number: O60575)), a SPINKS polypep-
tide (e.g., a human SPINKS polypeptide (see e.g., UniProt
accession number: QINQ38)), a SPINK6 polypeptide (e.g.,
a human SPINKG6 polypeptide (see e.g., UniProt accession
number: Q6UWNR)), a SPINK7 polypeptide (e.g., a human
SPINK?7 polypeptide (see e.g., UniProt accession number:
P58062)), a SPINKS polypeptide (e.g., a human SPINKS8
polypeptide (see e.g., UniProt accession number: POC7L1)),
a SPINKO9 polypeptide (e.g., a human SPINK9 polypeptide
(see e.g., UniProt accession number: Q5DT21)), a SPINK13
polypeptide (e.g., a human SPINK13 polypeptide (see e.g.,
UniProt accession number: Q1W4C9)), a SPINK14 poly-
peptide (e.g., a human SPINK14 polypeptide (see e.g.,
UniProt accession number: Q6IE38)), etc. In some embodi-
ments, a SPINK polypeptide of the present disclosure com-
prises a sequence having at least 75%, at least 80%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%,
at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% sequence identity to the amino acid
sequence of any SPINK polypeptide described herein or
known in the art. Methods of identifying SPINK polypeptide
homologs/orthologs from additional species are known to
one of ordinary skill in the art, including, for example, using
an amino acid sequence alignment program such as the
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BLAST® blastp suite or OrthoDB. In some embodiments,
the SPINK polypeptide is a human SPINK polypeptide.

[0088] In some embodiments, the present disclosure
relates to one or more polynucleotides encoding a SPINKS
polypeptide (e.g., SEQ ID NOS: 7-9), or any portions
thereof (e.g., the amino acid sequence of one or more
Kazal-type domains resulting from proteolytic cleavage
(e.g., via furin cleavage) of a full-length SPINKS polypep-
tide (e.g., SEQ ID NOS: 10-25)). Any suitable SPINKS5
polypeptide (or portions thereof) known in the art may be
encoded by a polynucleotide of the present disclosure,
including, for example, a human SPINKS polypeptide (see
e.g., UniProt accession number: 11005), a chimpanzee
SPINKS polypeptide (see e.g., UniProt accession number:
462173), a mouse SPINKS polypeptide (see e.g., UniProt
accession number: Q5K5D4), a rat SPINKS polypeptide
(see e.g., UniProt accession number: D3ZET2), a dog
SPINKS polypeptide (see e.g., UniProt accession number:
F1PR80), a cow SPINKS polypeptide (see e.g., UniProt
accession number: FIMIJHO), a horse SPINKS polypeptide
(see e.g., UniProt accession number: B9VJ40), a pig
SPINKS polypeptide (see e.g., UniProt accession number:
F1RLZ2), etc. In some embodiments, a SPINKS polypeptide
of the present disclosure comprises a sequence having at
least 75%, at least 80%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to the amino acid sequence of any
SPINKS polypeptide described herein or known in the art.
Methods of identifying SPINKS polypeptide homologs/
orthologs from additional species are known to one of
ordinary skill in the art, including, for example, using an
amino acid sequence alignment program such as the
BLAST® blastp suite or OrthoDB.

[0089] In some embodiments, a SPINKS polypeptide of
the present disclosure is a human SPINKS polypeptide, or
portions thereof (e.g., a polypeptide comprising the amino
acid sequence corresponding to one or more Kazal-type
domains resulting from proteolytic cleavage (e.g., via
human furin cleavage) of a full-length human SPINKS
polypeptide). In some embodiments, a polynucleotide
encoding a human SPINKS polypeptide is a polynucleotide
that encodes a polypeptide comprising an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to a sequence selected from SEQ ID
NOS: 7-25. In some embodiments, a polynucleotide encod-
ing a human SPINKS polypeptide is a polynucleotide that
encodes a polypeptide comprising an amino acid sequence
selected from SEQ ID NOS: 7-25. In some embodiments, a
polynucleotide encoding a human SPINKS polypeptide is a
polynucleotide that encodes a polypeptide comprising an
amino acid sequence having at least 75%, at least 80%, at
least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identity to a sequence selected
from SEQ ID NOS: 7-9. In some embodiments, a polynucle-
otide encoding a human SPINKS polypeptide is a polynucle-
otide that encodes a polypeptide comprising an amino acid
sequence selected from SEQ ID NOS: 7-9.
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[0090] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises, consists essentially of, or
consists of a sequence having at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% sequence identity to an amino acid
sequence selected from SEQ ID NOS: 7-25. In some
embodiments, a SPINKS polypeptide of the present disclo-
sure comprises, consists essentially of, or consists of a
sequence selected from SEQ ID NOS: 7-25. In some
embodiments, a SPINKS polypeptide of the present disclo-
sure comprises, consists essentially of, or consists of a
sequence having at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%,
or 100% sequence identity to an amino acid sequence
selected from SEQ ID NOS: 7-9. In some embodiments, a
SPINKS polypeptide of the present disclosure comprises,
consists essentially of, or consists of a sequence selected
from SEQ ID NOS: 7-9.

[0091] Insomeembodiments, a polynucleotide encoding a
human SPINKS5 polypeptide is a polynucleotide that encodes
a polypeptide comprising an amino acid sequence having at
least 75%, at least 80%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
identity to the sequence of SEQ ID NO: 7. In some embodi-
ments, a polynucleotide encoding a human SPINKS poly-
peptide is a polynucleotide that encodes a polypeptide
comprising the amino acid sequence of SEQ ID NO: 7.
[0092] Insomeembodiments, a polynucleotide encoding a
human SPINKS5 polypeptide is a polynucleotide that encodes
an N-terminal truncation, a C-terminal truncation, or a
fragment of the amino acid sequence of SEQ ID NO: 7.
N-terminal truncations, C-terminal truncations, or fragments
may comprise at least 10, at least 12, at least 14, at least 16,
at least 18, at least 20, at least 30, at least 40, at least 50, at
least 75, at least 100, at least 200, at least 300, at least 400,
at least 500, at least 600, at least 700, at least 800, at least
900, at least 1000, but fewer than 1094, consecutive amino
acids of SEQ ID NO: 7.

[0093] Insomeembodiments, a polynucleotide encoding a
human SPINKS5 polypeptide is a polynucleotide that encodes
a polypeptide comprising an amino acid sequence having at
least 75%, at least 80%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
identity to the sequence of SEQ ID NO: 8. In some embodi-
ments, a polynucleotide encoding a human SPINKS poly-
peptide is a polynucleotide that encodes a polypeptide
comprising the amino acid sequence of SEQ ID NO: 8.
[0094] Insome embodiments, a polynucleotide encoding a
human SPINKS5 polypeptide is a polynucleotide that encodes
an N-terminal truncation, a C-terminal truncation, or a
fragment of the amino acid sequence of SEQ ID NO: 8.
N-terminal truncations, C-terminal truncations, or fragments
may comprise at least 10, at least 12, at least 14, at least 16,
at least 18, at least 20, at least 30, at least 40, at least 50, at
least 75, at least 100, at least 200, at least 300, at least 400,
at least 500, at least 600, at least 700, at least 800, at least
900, but fewer than 916, consecutive amino acids of SEQ ID
NO: 8.
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[0095] Insomeembodiments, a polynucleotide encoding a
human SPINKS polypeptide is a polynucleotide that encodes
a polypeptide comprising an amino acid sequence having at
least 75%, at least 80%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
identity to the sequence of SEQ ID NO: 9. In some embodi-
ments, a polynucleotide encoding a human SPINKS poly-
peptide is a polynucleotide that encodes a polypeptide
comprising the amino acid sequence of SEQ ID NO: 9.
[0096] Insomeembodiments, a polynucleotide encoding a
human SPINKS polypeptide is a polynucleotide that encodes
an N-terminal truncation, a C-terminal truncation, or a
fragment of the amino acid sequence of SEQ ID NO: 9.
N-terminal truncations, C-terminal truncations, or fragments
may comprise at least 10, at least 12, at least 14, at least 16,
at least 18, at least 20, at least 30, at least 40, at least 50, at
least 75, at least 100, at least 200, at least 300, at least 400,
at least 500, at least 600, at least 700, at least 800, at least
900, at least 1000, but fewer than 1064, consecutive amino
acids of SEQ ID NO: 9.

[0097] In some embodiments, a polynucleotide of the
present disclosure encodes a Kazal-type domain derived
from a human SPINKS polypeptide (e.g., a Kazal-type
domain resulting from proteolytic cleavage (e.g., via furin
cleavage) of human SPINKS).

[0098] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 10.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 10.

[0099] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 11.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 11.

[0100] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 12.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 12.

[0101] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 13.
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In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 13.

[0102] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 14.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 14.

[0103] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 15.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 15.

[0104] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 16.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 16.

[0105] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 17.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 17.

[0106] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 18.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 18.

[0107] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 19.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 19.
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[0108] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 20.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 20.

[0109] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 21.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 21.

[0110] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 22.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 22.

[0111] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 23.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 23.

[0112] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 24.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 24.

[0113] In some embodiments, a SPINKS polypeptide of
the present disclosure comprises or consists of an amino acid
sequence having at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to the sequence of SEQ ID NO: 25.
In some embodiments, a SPINKS polypeptide of the present
disclosure comprises or consists of the amino acid sequence
of SEQ ID NO: 25.

[0114] In some embodiments, a polynucleotide of the
present disclosure encoding a SPINK polypeptide (e.g., a
SPINKS polypeptide) expresses the SPINK polypeptide
when the polynucleotide is delivered into one or more target
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cells of a subject. In some embodiments, expression of the
SPINK polypeptide (e.g., a SPINKS polypeptide) enhances,
increases, augments, and/or supplements the levels, func-
tion, and/or activity of a SPINK polypeptide in one or more
target cells of a subject (e.g., as compared to prior to
expression of the exogenous SPINK polypeptide). In some
embodiments, expression of the SPINK polypeptide (e.g., a
SPINKS polypeptide) enhances, increases, augments, and/or
supplements the anti-inflammatory and/or anti-microbial
protection of mucous epithelia in the subject. In some
embodiments, expression of the SPINK polypeptide (e.g., a
SPINKS polypeptide) enhances, increases, augments, and/or
supplements the integrity and/or protective barrier function
of the skin of the subject. In some embodiments, expression
of the SPINK polypeptide (e.g., a SPINKS polypeptide)
decreases, augments, and/or inhibits one or more of Kal-
likrein-5 (KLKS5), Kallikrein-7 (KLK7), Kallikrein-14
(KLK14), Caspase-14 (CASP14) and/or trypsin in the sub-
ject (e.g., decreases, augments, and/or inhibits one or more
activities of KLKS5, KLK7, KLK14, CASP14, and/or
trypsin).
[0115]
[0116] In some embodiments, the present disclosure
relates to recombinant nucleic acids comprising any one or
more of the polynucleotides described herein. In some
embodiments, the recombinant nucleic acid is a vector (e.g.,
an expression vector, a display vector, etc.). In some
embodiments, the vector is a DNA vector or an RNA vector.
Generally, vectors suitable to maintain, propagate, and/or
express polynucleotides to produce one or more polypep-
tides in a subject may be used. Examples of suitable vectors
may include, for example, plasmids, cosmids, episomes,
transposons, and viral vectors (e.g., adenoviral vectors,
adeno-associated viral vectors, vaccinia viral vectors, Sind-
bis-viral vectors, measles vectors, herpes viral vectors, len-
tiviral vectors, retroviral vectors, etc.). In some embodi-
ments, the vector is a herpes viral vector. In some
embodiments, the vector is capable of autonomous replica-
tion in a host cell. In some embodiments, the vector is
incapable of autonomous replication in a host cell. In some
embodiments, the vector can integrate into a host DNA. In
some embodiments, the vector cannot integrate into a host
DNA (e.g., is episomal). Methods of making vectors con-
taining one or more polynucleotides of interest are well
known to one of ordinary skill in the art, including, for
example, by chemical synthesis or by artificial manipulation
of isolated segments of nucleic acids (e.g., by genetic
engineering techniques).

[0117] In some embodiments, a recombinant nucleic acid
of the present disclosure is a herpes simplex virus (HSV)
amplicon. Herpes virus amplicons, including the structural
features and methods of making the same, are generally
known to one of ordinary skill in the art (see e.g., de Silva
S. and Bowers W. “Herpes Virus Amplicon Vectors”. Viruses
2009, 1, 594-629). In some embodiments, the herpes sim-
plex virus amplicon is an HSV-1 amplicon. In some embodi-
ments, the herpes simplex virus amplicon is an HSV-1
hybrid amplicon. Examples of HSV-1 hybrid amplicons may
include, but are not limited to, HSV/AAV hybrid amplicons,
HSV/EBYV hybrid amplicons, HSV/EBV/RV hybrid ampli-
cons, and/or HSV/Sleeping Beauty hybrid amplicons. In
some embodiments, the amplicon is an HSV/AAV hybrid
amplicon. In some embodiments, the amplicon is an HSV/
Sleeping Beauty hybrid amplicon.

Recombinant Nucleic Acids
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[0118] In some embodiments, a recombinant nucleic acid
of the present disclosure is a recombinant herpes virus
genome. The recombinant herpes virus genome may be a
recombinant genome from any member of the Herpesviridae
family of DNA viruses known in the art, including, for
example, a recombinant herpes simplex virus genome, a
recombinant varicella zoster virus genome, a recombinant
human cytomegalovirus genome, a recombinant herpesvirus
6A genome, a recombinant herpesvirus 6B genome, a
recombinant herpesvirus 7 genome, a recombinant Kaposi’s
sarcoma-associated herpesvirus genome, and any combina-
tions or derivatives thereof. In some embodiments, the
recombinant herpes virus genome comprises one or more
(e.g., one or more, two or more, three or more, four or more,
five or more, six or more, seven or more, eight or more, nine
or more, ten or more, etc.) inactivating mutations. In some
embodiments, the one or more inactivating mutations are in
one or more (e.g., one or more, two or more, three or more,
four or more, five or more, six or more, seven or more, eight
or more, nine or more, ten or more, etc.) herpes virus genes.
In some embodiments, the recombinant herpes virus genome
is attenuated (e.g., as compared to a corresponding, wild-
type herpes virus genome). In some embodiments, the
recombinant herpes virus genome is replication competent.
In some embodiments, the recombinant herpes virus genome
is replication defective.

[0119] In some embodiments, the recombinant nucleic
acid is a recombinant herpes simplex virus (HSV) genome.
In some embodiments, the recombinant herpes simplex virus
genome is a recombinant type 1 herpes simplex virus
(HSV-1) genome, a recombinant type 2 herpes simplex virus
(HSV-2) genome, or any derivatives thereof. In some
embodiments, the recombinant herpes simplex virus genome
is a recombinant HSV-1 genome. In some embodiments, the
recombinant HSV-1 genome may be from any HSV-1 strain
known in the art, including, for example, strains 17, Ty25,
R62, 825, Ku86, S23, R11, Ty148, Kud7, H166syn, 1319-
2005, F-13, M-12, 90237, F-17, KOS, 3083-2008, F12¢g, L2,
CD38, H193, M-15, India 2011, 0116209, F-111, 66-207,
2762, 369-2007, 3355, Maclntyre, McKrae, 7862, 7-hse,
HF10, 1394,2005, 270-2007, OD4, SC16, M-19, 4J1037,
5J1060, J1060, KOS79, 132-1988, 160-1982, H166, 2158-
2007, RE, 78326, F18¢g, F11, 172-2010, H129, F, E4, CJ994,
Fl4g, E03, E22, E10, E06, E11, E25, E23, E35, E15, E07,
E12, E14, EO8, E19, E13, ATCC 2011, etc. (see e.g., Bowen
etal. J Virol. 2019 Apr. 3; 93(8)). In some embodiments, the
recombinant HSV-1 genome is from the KOS strain. In some
embodiments, the recombinant HSV-1 genome is not from
the McKrae strain. In some embodiments, the recombinant
herpes simplex virus genome is attenuated. In some embodi-
ments, the recombinant herpes simplex virus genome is
replication competent. In some embodiments, the recombi-
nant herpes simplex virus genome is replication defective. In
some embodiments, the recombinant herpes simplex virus
genome comprises one or more (e.g., one or more, two or
more, three or more, four or more, five or more, six or more,
seven or more, eight or more, nine or more, ten or more, etc.)
inactivating mutations. In some embodiments, the one or
more inactivating mutations are in one or more (e.g., one or
more, two or more, three or more, four or more, five or more,
s$iX or more, seven or more, eight or more, nine or more, ten
or more, etc.) herpes simplex virus genes. As used herein, an
“inactivating mutation” may refer to any mutation that
results in a gene or regulon product (RNA or protein) having
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reduced, undetectable, or eliminated quantity and/or func-
tion (e.g., as compared to a corresponding sequence lacking
the inactivating mutation). Examples of inactivating muta-
tions may include, but are not limited to, deletions, inser-
tions, point mutations, and rearrangements in transcriptional
control sequences (promoters, enhancers, insulators, etc.)
and/or coding sequences of a given gene or regulon. Any
suitable method of measuring the quantity of a gene or
regulon product known in the art may be used, including, for
example, qPCR, Northern blots, RNAseq, western blots,
ELISAs, etc.

[0120] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
at least one, at least two, at least three, at least four, at least
five, at least six, at least seven, or all eight of the Infected
Cell Protein (or Infected Cell Polypeptide) (ICP) 0, ICP4,
1CP22, ICP27, ICP47, thymidine kinase (tk), Long Unique
Region (UL) 41 and/or ULS5S herpes simplex virus genes. In
some embodiments, the recombinant herpes simplex virus
genome does not comprise an inactivating mutation in the
ICP34.5 (one or both copies) and/or ICP47 herpes simplex
virus genes (e.g., to avoid production of an immune-stimu-
lating virus). In some embodiments, the recombinant herpes
simplex virus genome does not comprise an inactivating
mutation in the ICP34.5 (one or both copies) herpes simplex
virus gene. In some embodiments, the recombinant herpes
simplex virus genome does not comprise an inactivating
mutation in the ICP47 herpes simplex virus gene. In some
embodiments, the recombinant herpes simplex virus genome
does not comprise an inactivating mutation in the ICP34.5
(one or both copies) and ICP47 herpes simplex virus genes.
In some embodiments, the recombinant herpes simplex virus
genome is not oncolytic.

[0121] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ICPO gene (one or both copies). In some embodiments,
the recombinant herpes simplex virus genome comprises an
inactivating mutation in the ICPO gene (one or both copies),
and further comprises an inactivating mutation in the ICP4
(one or both copies), ICP22, ICP27, ICP47, UL41, and/or
ULS5S genes. In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ICPO gene (one or both copies), and an inactivating
mutation in the ICP4 gene (one or both copies). In some
embodiments, the recombinant herpes simplex virus genome
comprises an inactivating mutation in the ICPO gene (one or
both copies), and an inactivating mutation in the ICP22
gene. In some embodiments, the recombinant herpes sim-
plex virus genome comprises an inactivating mutation in the
ICPO gene (one or both copies), and an inactivating mutation
in the UL41 gene. In some embodiments, the recombinant
herpes simplex virus genome comprises an inactivating
mutation in the ICPO gene (one or both copies), an inacti-
vating mutation in the ICP4 gene (one or both copies), and
an inactivating mutation in the ICP22 gene. In some embodi-
ments, the recombinant herpes simplex virus genome com-
prises an inactivating mutation in the ICPO gene (one or both
copies), an inactivating mutation in the ICP4 gene (one or
both copies), and an inactivating mutation in the UL41 gene.
In some embodiments, the recombinant herpes simplex virus
genome comprises an inactivating mutation in the ICPO gene
(one or both copies), an inactivating mutation in the ICP22
gene, and an inactivating mutation in the UL41 gene. In
some embodiments, the recombinant herpes simplex virus

Mar. 26, 2020

genome comprises an inactivating mutation in the ICPO gene
(one or both copies), an inactivating mutation in the ICP4
gene (one or both copies), an inactivating mutation in the
ICP22 gene, and an inactivating mutation in the UL41 gene.
In some embodiments, the inactivating mutation is a dele-
tion of the coding sequence of the ICPO (one or both copies),
ICP4 (one or both copies), ICP22, and/or UL41 genes. In
some embodiments, the recombinant herpes simplex virus
genome further comprises an inactivating mutation in the
ICP27, ICP47, and/or ULS5 genes.

[0122] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ICP4 gene (one or both copies). In some embodiments,
the recombinant herpes simplex virus genome comprises an
inactivating mutation in the ICP4 gene (one or both copies),
and further comprises an inactivating mutation in the ICPO
(one or both copies), ICP22, ICP27, ICP47, UL41, and/or
ULS5S genes. In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ICP4 gene (one or both copies), and an inactivating
mutation in the ICP22 gene. In some embodiments, the
recombinant herpes simplex virus genome comprises an
inactivating mutation in the ICP4 gene (one or both copies),
and an inactivating mutation in the UL41 gene. In some
embodiments, the recombinant herpes simplex virus genome
comprises an inactivating mutation in the ICP4 gene (one or
both copies), an inactivating mutation in the ICP22 gene,
and an inactivating mutation in the UL41 gene. In some
embodiments, the inactivating mutation is a deletion of the
coding sequence of the ICP4 (one or both copies), ICP22,
and/or UL41 genes. In some embodiments, the recombinant
herpes simplex virus genome further comprises an inacti-
vating mutation in the ICPO (one or both copies), ICP27,
ICP47, and/or UL5S5 genes.

[0123] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ICP22 gene. In some embodiments, the recombinant
herpes simplex virus genome comprises an inactivating
mutation in the ICP22 gene, and further comprises an
inactivating mutation in the ICPO (one or both copies), ICP4
(one or both copies), ICP27, ICP47, UL41, and/or UL5S5
genes. In some embodiments, the recombinant herpes sim-
plex virus genome comprises an inactivating mutation in the
ICP22 gene, and an inactivating mutation UL41 gene. In
some embodiments, the inactivating mutation is a deletion
of the coding sequence of the ICP22 and/or UL41 genes. In
some embodiments, the recombinant herpes simplex virus
genome further comprises an inactivating mutation in the
ICPO (one or both copies), ICP4 (one or both copies), ICP27,
ICP47, and/or UL5S5 genes.

[0124] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ICP27 gene. In some embodiments, the recombinant
herpes simplex virus genome comprises an inactivating
mutation in the ICP27 gene, and further comprises an
inactivating mutation in the ICPO (one or both copies), ICP4
(one or both copies), ICP22, ICP47, UL41, and/or UL5S5
genes. In some embodiments, the inactivating mutation is a
deletion of the coding sequence of the ICP27 gene.

[0125] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ICP47 gene. In some embodiments, the recombinant
herpes simplex virus genome comprises an inactivating
mutation in the ICP47 gene, and further comprises an
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inactivating mutation in the ICPO (one or both copies), ICP4
(one or both copies), ICP22, ICP27, UL41, and/or UL5S5
genes. In some embodiments, the inactivating mutation is a
deletion of the coding sequence of the ICP47 gene.

[0126] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the UL41 gene. In some embodiments, the recombinant
herpes simplex virus genome comprises an inactivating
mutation in the UL41 gene, and further comprises an inac-
tivating mutation in the ICPO (one or both copies), ICP4
(one or both copies), ICP22, ICP27, ICP47, and/or ULS5S5
genes. In some embodiments, the inactivating mutation is a
deletion of the coding sequence of the UL41 gene.

[0127] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ULS55 gene. In some embodiments, the recombinant
herpes simplex virus genome comprises an inactivating
mutation in the ULS5 gene, and further comprises an inac-
tivating mutation in the ICPO (one or both copies), ICP4
(one or both copies), ICP22, ICP27, ICP47, and/or UL41
genes. In some embodiments, the inactivating mutation is a
deletion of the coding sequence of the ULS5 gene.

[0128] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
(e.g., a deletion of) the internal repeat (Joint) region com-
prising the internal repeat long (IR;) and internal repeat
short (IR ) regions. In some embodiments, inactivation (e.g.,
deletion) of the Joint region eliminates one copy each of the
ICP4 and ICPO genes. In some embodiments, inactivation
(e.g., deletion) of the Joint region further inactivates (e.g.,
deletes) the promoter for the ICP22 and ICP47 genes. If
desired, expression of one or both of these genes can be
restored by insertion of an immediate early promoter into the
recombinant herpes simplex virus genome (see e.g., Hill et
al. (1995). Nature 375(6530): 411-415; Goldsmith et al.
(1998). J Exp Med 187(3): 341-348). Without wishing to be
bound by theory, it is believed that inactivating (e.g., delet-
ing) the Joint region may contribute to the stability of the
recombinant herpes simplex virus genome and/or allow for
the recombinant herpes simplex virus genome to accommo-
date more and/or larger transgenes.

[0129] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ICP4 (one or both copies), ICP22, and ICP27 genes. In
some embodiments, the recombinant herpes simplex virus
genome comprises an inactivating mutation in the ICP4 (one
or both copies), ICP27, and UL55 genes. In some embodi-
ments, the recombinant herpes simplex virus genome com-
prises an inactivating mutation in the ICP4 (one or both
copies), ICP22, ICP27, ICP47, and ULS5S genes. In some
embodiments, the inactivating mutation in the ICP4 (one or
both copies), ICP27, and/or UL55 genes is a deletion of the
coding sequence of the ICP4 (one or both copies), ICP27,
and/or ULSS5 genes. In some embodiments, the inactivating
mutation in the ICP22 and ICP47 genes is a deletion in the
promoter region of the ICP22 and ICP47 genes (e.g., the
ICP22 and ICP47 coding sequences are intact but are not
transcriptionally active). In some embodiments, the recom-
binant herpes simplex virus genome comprises a deletion in
the coding sequence of the ICP4 (one or both copies),
ICP27, and ULS5S genes, and a deletion in the promoter
region of the ICP22 and ICP47 genes. In some embodi-
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ments, the recombinant herpes simplex virus genome further
comprises an inactivating mutation in the ICPO (one or both
copies) and/or UL41 genes.

[0130] In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ICPO (one or both copies) and ICP4 (one or both copies)
genes. In some embodiments, the recombinant herpes sim-
plex virus genome comprises an inactivating mutation in the
ICPO (one or both copies), ICP4 (one or both copies), and
ICP22 genes. In some embodiments, the recombinant herpes
simplex virus genome comprises an inactivating mutation in
the ICPO (one or both copies), ICP4 (one or both copies),
ICP22, and ICP27 genes. In some embodiments, the recom-
binant herpes simplex virus genome comprises an inactivat-
ing mutation in the ICPO (one or both copies), ICP4 (one or
both copies), ICP22, ICP27 and ULSS5 genes. In some
embodiments, the inactivating mutation in the ICPO (one or
both copies), ICP4 (one or both copies), ICP22, ICP27
and/or UL55 genes comprises a deletion of the coding
sequence of the ICPO (one or both copies), ICP4 (one or both
copies), ICP22, ICP27 and/or ULS55 genes. In some embodi-
ments, the recombinant herpes simplex virus genome further
comprises an inactivating mutation in the ICP47 and/or the
ULA41 genes.

[0131] In some embodiments, a recombinant herpes sim-
plex virus genome comprises one or more polynucleotides
of the present disclosure within one, two, three, four, five,
six, seven or more viral gene loci. Examples of suitable viral
loci may include, without limitation, the ICPO (one or both
copies), ICP4 (one or both copies), ICP22, ICP27, ICP47, tk,
ULA41 and/or ULSS5 herpes simplex viral gene loci. In some
embodiments, a recombinant herpes simplex virus genome
comprises one or more polynucleotides of the present dis-
closure within one or both of the viral ICP4 gene loci (e.g.,
a recombinant virus comprising a polynucleotide encoding a
SPINK polypeptide in one or both of the ICP4 loci). In some
embodiments, a recombinant herpes simplex virus genome
comprises one or more polynucleotides of the present dis-
closure within the viral ICP22 gene locus (e.g., a recombi-
nant virus comprising a polynucleotide encoding a SPINK
polypeptide in the ICP22 locus). In some embodiments, a
recombinant herpes simplex virus genome comprises one or
more polynucleotides of the present disclosure within the
viral UL41 gene locus (e.g., a recombinant virus comprising
a polynucleotide encoding a SPINK polypeptide in the
ULA41 locus). In some embodiments, a recombinant herpes
simplex virus genome comprises one or more polynucle-
otides of the present disclosure within the viral ICP47 gene
locus (e.g., a recombinant virus comprising a polynucleotide
encoding a SPINK polypeptide in the ICP47 locus). In some
embodiments, a recombinant herpes simplex virus genome
comprises one or more polynucleotides of the present dis-
closure within one or both of the viral ICP4 gene loci, and
one or more polynucleotides of the present disclosure within
the viral ICP22 gene locus (e.g., a recombinant virus com-
prising a polynucleotide encoding a SPINK polypeptide in
one or both of the ICP4 loci, and a polynucleotide encoding
the same or a different SPINK polypeptide in the ICP22
locus). In some embodiments, a recombinant herpes simplex
virus genome comprises one or more polynucleotides of the
present disclosure within one or both of the viral ICP4 gene
loci, and one or more polynucleotides of the present disclo-
sure within the viral UL41 gene locus (e.g., a recombinant
virus comprising a polynucleotide encoding a SPINK poly-
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peptide in one or both of the ICP4 loci, and a polynucleotide
encoding the same or a different SPINK polypeptide in the
ULA41 locus). In some embodiments, a recombinant herpes
simplex virus genome comprises one or more polynucle-
otides of the present disclosure within the viral ICP22 gene
locus, and one or more polynucleotides of the present
disclosure within the viral UL41 gene locus (e.g., a recom-
binant virus comprising a polynucleotide encoding a SPINK
polypeptide in the ICP22 locus, and a polynucleotide encod-
ing the same or a different SPINK polypeptide in the UL41
locus). In some embodiments, a recombinant herpes simplex
virus genome comprises one or more polynucleotides of the
present disclosure within one or both of the viral ICP4 gene
loci, one or more polynucleotides of the present disclosure
within the viral ICP22 gene locus, and one or more poly-
nucleotides of the present disclosure within the viral UL41
gene locus (e.g., a recombinant virus comprising a poly-
nucleotide encoding a SPINK polypeptide in one or both of
the ICP4 loci, a polynucleotide encoding the same or a
different SPINK polypeptide in the ICP22 locus, and a
polynucleotide encoding a SPINK polypeptide in the UL41
locus (which may be the same SPINK polypeptide encoded
in the ICP4 and/or ICP22 loci or may be a different SPINK
polypeptide than those encoded in the ICP4 and/or ICP22
loci).

[0132] In some embodiments, the recombinant herpes
virus genome (e.g., a recombinant herpes simplex virus
genome) has been engineered to decrease or eliminate
expression of one or more herpes virus genes (e.g., one or
more toxic herpes virus genes), such as one or both copies
of the HSV ICPO gene, one or both copies of the HSV ICP4
gene, the HSV ICP22 gene, the HSV UL41 gene, the HSV
ICP27 gene, etc. In some embodiments, the recombinant
herpes virus genome (e.g., recombinant herpes simplex virus
genome) has been engineered to reduce cytotoxicity of the
recombinant genome (e.g., when introduced into a target
cell) as compared to a corresponding wild-type herpes virus
genome (e.g., a wild-type herpes simplex virus genome). In
some embodiments, the target cell is a human cell. In some
embodiments, the target cell is a cell of the epidermis and/or
dermis (e.g., a cell of the human epidermis and/or dermis).
In some embodiments, the target cell is a keratinocyte or
fibroblast (e.g., a human keratinocyte or human fibroblast).
In some embodiments, cytotoxicity (e.g., in human kera-
tinocytes and/or fibroblasts) of the recombinant genome
(e.g., a recombinant herpes simplex virus genome) is
reduced by at least about 5%, at least about 10%, at least
about 15%, at least about 20%, at least about 25%, at least
about 30%, at least about 35%, at least about 40%, at least
about 45%, at least about 50%, at least about 55%, at least
about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 95%, or at least about 99% as
compared to a corresponding wild-type herpes virus genome
(e.g., measuring the relative cytotoxicity of a recombinant
AICP4 (one or both copies) herpes simplex virus genome vs.
a wild-type herpes simplex virus genome in human kera-
tinocytes or fibroblasts (primary cells or cell lines); measur-
ing the relative cytotoxicity of a recombinant AICP4 (one or
both copies)/AICP22 herpes simplex virus genome vs. a
wild-type herpes simplex virus genome in human keratino-
cytes or fibroblasts (primary cells or cell lines); etc.). In
some embodiments, cytotoXicity (e.g., in human keratino-
cytes and/or fibroblasts) of the recombinant genome (e.g., a
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recombinant herpes simplex virus genome) is reduced by at
least about 1.5-fold, at least about 2-fold, at least about
3-fold, at least about 4-fold, at least about 5-fold, at least
about 6-fold, at least about 7-fold, at least about 8-fold, at
least about 9-fold, at least about 10-fold, at least about
15-fold, at least about 20-fold, at least about 25-fold, at least
about 50-fold, at least about 75-fold, at least about 100-fold,
at least about 250-fold, at least about 500-fold, at least about
750-fold, at least about 1000-fold, or more as compared to
a corresponding wild-type herpes virus genome (e.g., mea-
suring the relative cytotoxicity of a recombinant AICP4 (one
or both copies) herpes simplex virus genome vs. a wild-type
herpes simplex virus genome in human keratinocytes or
fibroblasts (primary cells or cell lines); measuring the rela-
tive cytotoxicity of a recombinant AICP4 (one or both
copies)/AICP22 herpes simplex virus genome vs. a wild-
type herpes simplex virus genome in human keratinocytes or
fibroblasts (primary cells or cell lines); etc.). Methods of
measuring cytotoxicity are known to one of ordinary skill in
the art, including, for example, through the use of vital dyes
(formazan dyes), protease biomarkers, an MTT assay (or an
assay using related tetrazolium salts such as XTT, MTS,
water-soluble tetrazolium salts, etc.), measuring ATP con-
tent, etc.

[0133] In some embodiments, the recombinant herpes
virus genome (e.g., a recombinant herpes simplex virus
genome) has been engineered to reduce its impact on host
cell proliferation after exposure of a target cell to the
recombinant genome, as compared to a corresponding wild-
type herpes virus genome (e.g., a wild-type herpes simplex
virus genome). In some embodiments, the target cell is a
human cell. In some embodiments, the target cell is a cell of
the epidermis and/or dermis (e.g., a cell of the human
epidermis and/or dermis). In some embodiments, the target
cell is a keratinocyte or fibroblast (e.g., a human keratino-
cyte or human fibroblast). In some embodiments, host cell
proliferation (e.g., of human keratinocytes and/or fibro-
blasts) after exposure to the recombinant genome is at least
about 5%, at least about 10%, at least about 15%, at least
about 20%, at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least
about 50%, at least about 55%, at least about 60%, at least
about 65%, at least about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about 90%, at least
about 95%, or at least about 99% faster as compared to host
cell proliferation after exposure to a corresponding wild-
type herpes virus genome (e.g., measuring the relative
cellular proliferation after exposure to a recombinant AICP4
(one or both copies) herpes simplex virus genome vs.
cellular proliferation after exposure to a wild-type herpes
simplex virus genome in human keratinocytes or fibroblasts
(primary cells or cell lines); measuring the relative cellular
proliferation after exposure to a recombinant AICP4 (one or
both copies)/AICP22 herpes simplex virus genome vs. cel-
Iular proliferation after exposure to a wild-type herpes
simplex virus genome in human keratinocytes or fibroblasts
(primary cells or cell lines); etc.). In some embodiments,
host cell proliferation (e.g., of human keratinocytes and/or
fibroblasts) after exposure to the recombinant genome is at
least about 1.5-fold, at least about 2-fold, at least about
3-fold, at least about 4-fold, at least about 5-fold, at least
about 6-fold, at least about 7-fold, at least about 8-fold, at
least about 9-fold, at least about 10-fold, at least about
15-fold, at least about 20-fold, at least about 25-fold, at least
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about 50-fold, at least about 75-fold, at least about 100-fold,
at least about 250-fold, at least about 500-fold, at least about
750-fold, or at least about 1000-fold faster as compared to
host cell proliferation after exposure to a corresponding
wild-type herpes virus genome (e.g., measuring the relative
cellular proliferation after exposure to a recombinant AICP4
(one or both copies) herpes simplex virus genome vs.
cellular proliferation after exposure to a wild-type herpes
simplex virus genome in human keratinocytes or fibroblasts
(primary cells or cell lines); measuring the relative cellular
proliferation after exposure to a recombinant AICP4 (one or
both copies)/AICP22 herpes simplex virus genome vs. cel-
Iular proliferation after exposure to a wild-type herpes
simplex virus genome in human keratinocytes or fibroblasts
(primary cells or cell lines); etc.). Methods of measuring
cellular proliferation are known to one of ordinary skill in
the art, including, for example, through the use of a Ki67 cell
proliferation assay, a BrdU cell proliferation assay, etc.
[0134] Avector (e.g., herpes viral vector) may include one
or more polynucleotides of the present disclosure in a form
suitable for expression of the polynucleotide in a host cell.
Vectors may include one or more regulatory sequences
operatively linked to the polynucleotide to be expressed
(e.g., as described above).

[0135] In some embodiments, a recombinant nucleic acid
(e.g., a recombinant herpes virus genome, such as a recom-
binant herpes simplex virus genome) of the present disclo-
sure comprises one or more of the polynucleotides described
herein inserted in any orientation in the recombinant nucleic
acid. If the recombinant nucleic acid comprises two or more
polynucleotides described herein (e.g., two or more, three or
more, etc.), the polynucleotides may be inserted in the same
orientation or opposite orientations to one another. Without
wishing to be bound be theory, incorporating two polynucle-
otides (e.g., two transgenes) into a recombinant nucleic acid
(e.g., a vector) in an antisense orientation may help to avoid
read-through and ensure proper expression of each poly-
nucleotide.

[0136] In some embodiments, the present disclosure
relates to one or more heterologous polynucleotides (e.g., a
bacterial artificial chromosome (BAC)) comprising any of
the recombinant nucleic acids described herein.

IV. Viruses

[0137] Certain aspects of the present disclosure relate to
viruses comprising any of the polynucleotides and/or recom-
binant nucleic acids described herein. In some embodiments,
the virus is capable of infecting one or more target cells of
a subject (e.g., a human). In some embodiments, the virus is
suitable for delivering the polynucleotides and/or recombi-
nant nucleic acids into one or more target cells of a subject
(e.g., a human). In some embodiments, the present disclo-
sure relates to one or more viral particles comprising any of
the polynucleotides and/or recombinant nucleic acids
described herein. In some embodiments, the one or more
target cells are one or more human cells. In some embodi-
ments, the one or more target cells are one or more cells with
a SPINK deficiency (e.g., one or more cells comprising a
loss-of-function mutation in, or a pathogenic variant of; a
native SPINK gene, such as a SPINKS gene). In some
embodiments, the one or more target cells are one or more
cells of the skin (e.g., one or more cells of the epidermis,
dermis, and/or subcutis). In some embodiments, the one or
more target cells are cells of the epidermis and/or dermis
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(e.g., cells of the human epidermis and/or dermis). In some
embodiments, the one or more target cells are selected from
keratinocytes, melanocytes, Langerhans cells, Merkel cells,
mast cells, fibroblasts, and/or adipocytes. In some embodi-
ments, the one or more target cells are keratinocytes. In
some embodiments, the one or more target cells reside in the
stratum corneum, stratum granulosum, stratum spinulosum,
stratum basale, and/or basement membrane. In some
embodiments, the one or more target cells are one or more
epidermal cells. In some embodiments, the one or more
target cells are one or more dermal cells.

[0138] Any suitable virus known in the art may be used,
including, for example, adenovirus, adeno-associated virus,
retrovirus, lentivirus, sendai virus, papillomavirus, herpes
virus (e.g., a herpes simplex virus), vaccinia virus, and/or
any hybrid or derivative viruses thereof. In some embodi-
ments, the virus is attenuated. In some embodiments, the
virus is replication defective. In some embodiments, the
virus is replication competent. In some embodiments, the
virus has been modified to alter its tissue tropism relative to
the tissue tropism of a corresponding unmodified, wild-type
virus. In some embodiments, the virus has reduced cytotox-
icity as compared to a corresponding wild-type virus. Meth-
ods of producing a virus comprising recombinant nucleic
acids are well known to one of ordinary skill in the art.
[0139] Insome embodiments, the virus is a member of the
Herpesviridae family of DNA viruses, including, for
example, a herpes simplex virus, a varicella zoster virus, a
human cytomegalovirus, a herpesvirus 6A, a herpesvirus
6B, a herpesvirus 7, and a Kaposi’s sarcoma-associated
herpesvirus, etc. In some embodiments, the herpes virus is
attenuated. In some embodiments, the herpes virus is repli-
cation defective. In some embodiments, the herpes virus is
replication competent. In some embodiments, the herpes
virus has reduced cytotoxicity as compared to a correspond-
ing wild-type herpes virus. In some embodiments, the herpes
virus is not oncolytic.

[0140] In some embodiments, the herpes virus is a herpes
simplex virus. Herpes simplex viruses comprising recombi-
nant nucleic acids may be produced by a process disclosed,
for example, in W02015/009952 and/or W0O2017/176336.
In some embodiments, the herpes simplex virus is attenu-
ated. In some embodiments, the herpes simplex virus is
replication defective. In some embodiments, the herpes
simplex virus is replication competent. In some embodi-
ments, the herpes simplex virus is an HSV-1 virus, an
HSV-2, or any derivatives thereof. In some embodiments,
the herpes simplex virus is an HSV-1 virus. In some embodi-
ments, the HSV-1 is attenuated. In some embodiments, the
HSV-1 is replication defective. In some embodiments, the
HSV-1 is replication competent. In some embodiments, the
herpes simplex virus (e.g., the HSV-1) has reduced cytotox-
icity as compared to a corresponding wild-type herpes
simplex virus (e.g., a wild-type HSV-1). In some embodi-
ments, the herpes simplex virus (e.g., the HSV-1) is not
oncolytic.

[0141] Insome embodiments, the herpes simplex virus has
been modified to alter its tissue tropism relative to the tissue
tropism of an unmodified, wild-type herpes simplex virus. In
some embodiments, the herpes simplex virus comprises a
modified envelope. In some embodiments, the modified
envelope comprises one or more (e.g., one or more, two or
more, three or more, four or more, etc.) mutant herpes
simplex virus glycoproteins. Examples of herpes simplex
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virus glycoproteins may include, but are not limited to, the
glycoproteins gB, gC, gD, gH, and gl.. In some embodi-
ments, the modified envelope alters the herpes simplex virus
tissue tropism relative to a wild-type herpes simplex virus.
[0142] In some embodiments, the transduction efficiency
(in vitro and/or in vivo) of a virus of the present disclosure
(e.g., a herpes virus such as a herpes simplex virus) for one
or more target cells (e.g., one or more human keratinocytes
and/or fibroblasts) is at least about 25%. For example, the
transduction efficiency of the virus for one or more target
cells may be at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least
about 50%, at least about 55%, at least about 60%, at least
about 65%, at least about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 99%, at least about 99.5%, or
more. In some embodiments, the virus is a herpes simplex
virus and the transduction efficiency of the virus for one or
more target cells (e.g., one or more human keratinocytes
and/or fibroblasts) is about 85% to about 100%. In some
embodiments, the virus is a herpes simplex virus and the
transduction efficiency of the virus for one or more target
cells (e.g., one or more human keratinocytes and/or fibro-
blasts) is at least about 85%, at least about 86%, at least
about 87%, at least about 88%, at least about 89%, at least
about 90%, at least about 91%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, at least
about 99%, or 100%. Methods of measuring viral transduc-
tion efficiency in vitro or in vivo are well known to one of
ordinary skill in the art, including, for example, qPCR
analysis, deep sequencing, western blotting, fluorometric
analysis (such as fluorescent in situ hybridization (FISH),
fluorescent reporter gene expression, immunofluorescence,
FACS), etc.

V. PHARMACEUTICAL COMPOSITIONS AND
FORMULATIONS

[0143] Certain aspects of the present disclosure relate to
pharmaceutical compositions and formulations comprising
any of the recombinant nucleic acids (e.g., recombinant
herpes virus genomes) and/or viruses (e.g., herpes viruses
comprising the recombinant genomes) described herein
(such as a herpes simplex virus comprising a recombinant
herpes simplex virus genome), and a pharmaceutically
acceptable excipient or carrier.

[0144] In some embodiments, the pharmaceutical compo-
sition or formulation comprises any one or more of the
viruses (e.g., herpes viruses) described herein. In some
embodiments, the pharmaceutical composition or formula-
tion comprises from about 10* to about 102 plaque forming
units (PFU)/mL of the virus. For example, the pharmaceu-
tical composition or formulation may comprise from about
10* to about 102, about 10 to about 102, about 10° to about
10'2, about 10* to about 10", about 10® to about 10'2, about
10° to about 10'2, about 10'° to about 10'2, about 10'* to
about 10'2, about 10* to about 10!, about 10° to about 10**,
about 10° to about 10*, about 107 to about 10!, about 10®
to about 10", about 10° to about 10, about 10'° to about
10%, about 10* to about 10'° about 10° to about 10'° about
10° to about 10'°, about 107 to about 10'° about 10° to about
10" about 107 to about 10'° about 10* to about 10° about 10°
to about 10°, about 10° to about 10°, about 107 to about 10°,
about 10 to about 10°, about 10 to about 10, about 10° to
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about 10%, about 10° to about 108, about 107 to about 10,
about 10* to about 107, about 10° to about 107, about 10° to
about 107, about 10* to about 10, about 10° to about 10°, or
about 10* to about 10° PFU/mL of the virus. In some
embodiments, the pharmaceutical composition or formula-
tion comprises about 10*, about 10°, about 10°, about 107,
about 10%, about 10°, about 10'°, about 10", or about 10'>
PFU/mL of the virus.

[0145] Pharmaceutical compositions and formulations can
be prepared by mixing the active ingredient(s) (such as a
recombinant nucleic acid and/or a virus) having the desired
degree of purity with one or more pharmaceutically accept-
able carriers or excipients. Pharmaceutically acceptable car-
riers or excipients are generally nontoxic to recipients at the
dosages and concentrations employed, and may include, but
are not limited to: buffers (such as phosphate, citrate,
acetate, and other organic acids); antioxidants (such as
ascorbic acid and methionine); preservatives (such as octa-
decyldimethylbenzyl ammonium chloride, benzalkonium
chloride, benzethonium chloride, phenol, butyl or benzyl
alcohol, alkyl parabens, catechol, resorcinol, cyclohexanol,
3-pentanol, and m-cresol); amino acids (such as glycine,
glutamine, asparagine, histidine, arginine, or lysine); low
molecular weight (less than about 10 residues) polypeptides;
proteins (such as serum albumin, gelatin, or immunoglobu-
lins); polyols (such as glycerol, e.g., formulations including
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%,
13%, 14%, 15%, etc. glycerol); hydrophilic polymers (such
as polyvinylpyrrolidone); monosaccharides, disaccharides,
and other carbohydrates (including glucose, mannose, or
dextrins); chelating agents (such as EDTA); sugars (such as
sucrose, mannitol, trehalose, or sorbitol); salt-forming coun-
ter-ions (such as sodium); metal complexes (such as Zn-
protein complexes); and/or non-ionic surfactants (such as
polyethylene glycol (PEG)). A thorough discussion of phar-
maceutically acceptable carriers is available in REMING-
TON’S PHARMACEUTICAL SCIENCES (Mack Pub. Co.,
N.J. 1991).

[0146] In some embodiments, the pharmaceutical compo-
sition or formulation comprises one or more lipid (e.g.,
cationic lipid) carriers. In some embodiments, the pharma-
ceutical composition or formulation comprises one or more
nanoparticle carriers. Nanoparticles are submicron (less than
about 1000 nm) sized drug delivery vehicles that can carry
encapsulated drugs (such as synthetic small molecules,
proteins, peptides, cells, viruses, and nucleic acid-based
biotherapeutics) for rapid or controlled release. A variety of
molecules (e.g., proteins, peptides, recombinant nucleic
acids, etc.) can be efficiently encapsulated in nanoparticles
using processes well known in the art. In some embodi-
ments, a molecule “encapsulated” in a nanoparticle may
refer to a molecule (such as a virus) that is contained within
the nanoparticle or attached to and/or associated with the
surface of the nanoparticle, or any combination thereof.
Nanoparticles for use in the compositions or formulations
described herein may be any type of biocompatible nano-
particle known in the art, including, for example, nanopar-
ticles comprising poly(lactic acid), poly(glycolic acid),
PLGA, PLA, PGA, and any combinations thereof (see e.g.,
Vauthier et al. Adv Drug Del Rev. (2003) 55: 519-48;
US2007/0148074; US2007/0092575; US2006/0246139;
U.S. Pat. Nos. 5,753,234, 7,081,483; and WO2006/052285).

[0147] In some embodiments, the pharmaceutically
acceptable carrier or excipient may be adapted for or suit-
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able for any administration route known in the art, including,
for example, intravenous, intramuscular, subcutaneous,
cutaneous, oral, nasal, intratracheal, sublingual, buccal, topi-
cal, transdermal, intradermal, intraperitoneal, intraorbital,
intravitreal, subretinal, transmucosal, intraarticular, by
implantation, by inhalation, intrathecal, intraventricular,
and/or intranasal administration. In some embodiments, the
pharmaceutical composition or formulation is adapted for or
suitable for any administration route known in the art,
including, for example, intravenous, intramuscular, subcu-
taneous, cutaneous, oral, nasal, intratracheal, sublingual,
buccal, topical, transdermal, intradermal, intraperitoneal,
intraorbital, intravitreal, subretinal, transmucosal, intraar-
ticular, by implantation, by inhalation, intrathecal, intraven-
tricular, and/or intranasal administration. In some embodi-
ments, the pharmaceutically acceptable carrier or excipient
is adapted for or suitable for topical, transdermal, subcuta-
neous, intradermal, and/or transmucosal administration. In
some embodiments, the pharmaceutical composition or for-
mulation is adapted for or suitable for topical, transdermal,
subcutaneous, intradermal, and/or transmucosal administra-
tion. In some embodiments, the pharmaceutically acceptable
carrier or excipient is adapted for or suitable for topical,
transdermal, and/or intradermal administration. In some
embodiments, the pharmaceutical composition or formula-
tion is adapted for or suitable for topical, transdermal, and/or
intradermal administration. In some embodiments, the phar-
maceutically acceptable carrier or excipient is adapted for or
suitable for topical administration. In some embodiments,
the pharmaceutical composition or formulation is adapted
for or suitable for topical administration.

[0148] Examples of carriers or excipients adapted for or
suitable for use in pharmaceutical compositions or formu-
lations of the present disclosure may include, but are not
limited to, ointments, oils, pastes, creams, aerosols, suspen-
sions, emulsions, fatty ointments, gels (e.g., methylcellulose
gels, such as carboxy methylcellulose, hydroxypropyl meth-
ylcellulose, etc.), powders, liquids, lotions, solutions,
sprays, patches (e.g., transdermal patches or microneedle
patches), adhesive strips, a microneedle or microneedle
arrays, and inhalants. In some embodiments, the carrier or
excipient (e.g., the pharmaceutically acceptable carrier or
excipient) comprises one or more (e.g., one or more, two or
more, three or more, four or more, five or more, etc.) of an
ointment, oil, paste, cream, aerosol, suspension, emulsion,
fatty ointment, gel, powder, liquid, lotion, solution, spray,
patch, adhesive strip, and an inhalant. In some embodiments,
the carrier comprises a patch (e.g. a patch that adheres to the
skin), such as a transdermal patch or microneedle patch. In
some embodiments, the carrier comprises a microneedle or
microneedle array. Methods for making and using
microneedle arrays suitable for composition delivery are
generally known in the art (see e.g., Kim Y. et al.
“Microneedles for drug and vaccine delivery”. Advanced
Drug Delivery Reviews 2012, 64 (14): 1547-68).

[0149] In some embodiments, the pharmaceutical compo-
sition or formulation further comprises one or more addi-
tional components. Examples of additional components may
include, but are not limited to, binding agents (e.g., prege-
latinized maize starch, polyvinylpyrrolidone or hydroxypro-
pyl methylcellulose, etc.); fillers (e.g., lactose and other
sugars, microcrystalline cellulose, pectin, gelatin, calcium
sulfate, ethyl cellulose, polyacrylates or calcium hydrogen
phosphate, etc.); lubricants (e.g., magnesium stearate, talc,

Mar. 26, 2020

silica, colloidal silicon dioxide, stearic acid, metallic stear-
ates, hydrogenated vegetable oils, corn starch, polyethylene
glycols, sodium benzoate, sodium acetate, etc.); disinte-
grants (e.g., starch, sodium starch glycolate, etc.); wetting
agents (e.g., sodium lauryl sulphate, etc.); salt solutions;
alcohols; polyethylene glycols; gelatin; lactose; amylase;
magnesium stearate; talc; silicic acid; viscous paraffin;
methylcellulose; polyvinylpyrrolidone; sweetenings; flavor-
ings; perfuming agents; colorants; moisturizers; sunscreens;
antibacterial agents; agents able to stabilize polynucleotides
or prevent their degradation, and the like. In some embodi-
ments, the pharmaceutical composition or formulation com-
prises a methylcellulose gel, such as a carboxy methylcel-
Iulose gel, a hydroxypropyl methylcellulose gel, etc. (e.g., at
about 0.5%, at about 1%, at about 1.5%, at about 2%, at
about 2.5%, at about 3%, at about 3.5%, at about 4%, at
about 4.5%, at about 5%, at about 5.5%, at about 6%, at
about 6.5%, at about 7%, at about 7.5%, at about 8%, at
about 8.5%, at about 9%, at about 9.5%, at about 10%, at
about 10.5%, at about 11%, at about 11.5%, at about 12%,
etc.). In some embodiments, the pharmaceutical composi-
tion or formulation comprises a phosphate buffer. In some
embodiments, the pharmaceutical composition or formula-
tion comprises glycerol (e.g., at about 1%, about 2%, about
3%, about 4%, about 5%, about 6%, about 7%, about 8%,
about 9%, about 10%, about 11%, about 12%, about 13%,
about 14%, about 15%, etc.). In some embodiments, the
pharmaceutical composition or formulation comprises a
methylcellulose gel (a carboxy methylcellulose gel, a
hydroxypropyl methylcellulose gel, etc.), a phosphate buf-
fer, and/or glycerol.

[0150] Compositions and formulations (e.g., pharmaceu-
tical compositions and formulations) to be used for in vivo
administration are generally sterile. Sterility may be readily
accomplished, e.g., by filtration through sterile filtration
membranes.

[0151] In some embodiments, any of the recombinant
nucleic acids, viruses, and/or pharmaceutical compositions
or formulations described herein may be used to deliver one
or more polynucleotides encoding a SPINK polypeptide into
one or more cells of a subject (e.g., one or more SPINK-
deficient cells, one or more cells harboring a SPINK gene
mutation, etc.). In some embodiments, any of the recombi-
nant nucleic acids, viruses, and/or pharmaceutical compo-
sitions or formulations may be used in a therapy. In some
embodiments, any of the recombinant nucleic acids, viruses,
and/or pharmaceutical compositions or formulations
described herein may be used in the treatment of a disease
or condition that would benefit from the expression of a
SPINK polypeptide (e.g., a disease associated with a SPINK
deficiency and/or a disease associated with a SPINK gene
mutation). In some embodiments, any of the recombinant
nucleic acids, viruses, and/or pharmaceutical compositions
or formulations described herein may be used for providing
prophylactic, palliative, or therapeutic relief to one or more
signs or symptoms of Netherton Syndrome (e.g., via deliv-
ery of a SPINKS polypeptide), atopic dermatitis (e.g., via
delivery of a SPINKS polypeptide), hereditary pancreatitis
(PCTT) (e.g., via delivery of a SPINK1 polypeptide), tropi-
cal calcific pancreatitis (e.g., via delivery of a SPINK1
polypeptide), and/or spermatogenic failure 29 (SPGF29)
(e.g., via delivery of a SPINK2 polypeptide). In some
embodiments, any of the recombinant nucleic acids, viruses,
and/or pharmaceutical compositions or formulations
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described herein may be used to treat Netherton Syndrome
(e.g., via delivery of a human SPINKS polypeptide). In some
embodiments, any of the recombinant nucleic acids, viruses,
and/or pharmaceutical compositions or formulations
described herein may be used to treat atopic dermatitis (e.g.,
via delivery of a human SPINKS polypeptide).

[0152] In some embodiments, any of the recombinant
nucleic acids, viruses, and/or pharmaceutical compositions
or formulations described herein may be used in the prepa-
ration or manufacture of a medicament. In some embodi-
ments, any of the recombinant nucleic acids, viruses, and/or
pharmaceutical compositions or formulations described
herein may be used in the preparation or manufacture of a
medicament useful for delivering one or more polynucle-
otides encoding a SPINK polypeptide into one or more cells
of a subject (e.g., one or more SPINK-deficient cells, one or
more cells harboring a SPINK gene mutation, etc.). In some
embodiments, any of the recombinant nucleic acids, viruses,
and/or pharmaceutical compositions or formulations
described herein may be used in the preparation or manu-
facture of a medicament useful for the treatment of a disease
or condition that would benefit from the expression of a
SPINK polypeptide (e.g., a disease associated with a SPINK
deficiency and/or a disease associated with a SPINK gene
mutation). In some embodiments, any of the recombinant
nucleic acids, viruses, and/or pharmaceutical compositions
or formulations described herein may be used in the prepa-
ration or manufacture of a medicament useful for the treat-
ment of Netherton Syndrome (e.g., via delivery of a SPINKS
polypeptide), atopic dermatitis (e.g., via delivery of a
SPINKS polypeptide), hereditary pancreatitis (PCTT) (e.g.,
via delivery of a SPINKI1 polypeptide), tropical calcific
pancreatitis (e.g., via delivery of a SPINK1 polypeptide),
and/or spermatogenic failure 29 (SPGF29) (e.g., via delivery
of'a SPINK2 polypeptide). In some embodiments, any of the
recombinant nucleic acids, viruses, and/or pharmaceutical
compositions or formulations described herein may be used
in the preparation or manufacture of a medicament useful for
the treatment of Netherton Syndrome (e.g., via delivery of a
human SPINKS polypeptide). In some embodiments, any of
the recombinant nucleic acids, viruses, and/or pharmaceu-
tical compositions or formulations described herein may be
used in the preparation or manufacture of a medicament
useful for the treatment of atopic dermatitis (e.g., via deliv-
ery of a human SPINKS polypeptide).

V1. METHODS

[0153] Certain aspects of the present disclosure relate to
enhancing, increasing, augmenting, and/or supplementing
the levels of a SPINK polypeptide in one or more cells of a
subject comprising administering to the subject an effective
amount of any of the recombinant nucleic acids, viruses,
medicaments, and/or pharmaceutical compositions or for-
mulations described herein. In some embodiments, the
SPINK polypeptide is a human SPINK polypeptide. In some
embodiments, the SPINK polypeptide is a SPINKS poly-
peptide. In some embodiments, the SPINKS polypeptide is
a human SPINKS polypeptide. In some embodiments, the
subject is a human. In some embodiments, the subject’s
genome comprises a mutation (e.g., a loss-of-function muta-
tion, a pathogenic variant) in an endogenous SPINK gene
(such as an endogenous SPINKS gene). In some embodi-
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ments, the subject suffers from Netherton Syndrome. In
some embodiments, the subject suffers from atopic derma-
titis.

[0154] In some embodiments, administration of the
recombinant nucleic acid, virus, medicament, and/or phar-
maceutical composition or formulation to the subject
increases SPINK (e.g., SPINKS) levels (transcript or protein
levels) by at least about 2-fold in one or more contacted or
treated cells of the subject, as compared to the endogenous
levels of the SPINK in one or more corresponding untreated
cells of the subject. For example, administration of the
recombinant nucleic acid, virus, medicament, and/or phar-
maceutical composition or formulation may increase SPINK
(e.g., SPINKS5) levels (transcript or protein levels) by at least
about 2-fold, at least about 3-fold, at least about 4-fold, at
least about 5-fold, at least about 6-fold, at least about 7-fold,
at least about 8-fold, at least about 9-fold, at least about
10-fold, at least about 15-fold, at least about 20-fold, at least
about 25-fold, at least about 50-fold, at least about 75-fold,
at least about 100-fold, at least about 250-fold, at least about
500-fold, at least about 750-fold, at least about 1000-fold, or
more in one or more contacted or treated cells of the subject,
as compared to the endogenous levels of the SPINK in one
or more corresponding untreated cells of the subject. In
some embodiments, the one or more contacted or treated
cells are one or more cells of the epidermis and/or dermis
(e.g., a keratinocyte). Methods of measuring transcript or
protein levels from a sample are well known to one of
ordinary skill in the art, including, for example, by qPCR,
western blot, mass spectrometry, etc.

[0155] In some embodiments, administering to an indi-
vidual an effective amount of any of the recombinant nucleic
acids, viruses, medicaments, and/or pharmaceutical compo-
sitions or formulation described herein enhances, increases,
augments, and/or supplements the integrity and/or protective
barrier function of the skin of the subject. In some embodi-
ments, administering to an individual an effective amount of
any of the recombinant nucleic acids, viruses, medicaments,
and/or pharmaceutical compositions or formulations
described herein decreases, augments, and/or inhibits one or
more of Kallikrein-5 (KLKS), Kallikrein-7 (KLK7), Kal-
likrein-14 (KLK14), Caspase-14 (CASP14) and trypsin in
the subject (e.g., decreases, augments, and/or inhibits one or
more activities (e.g., proteolytic activities) of KLK5, KI.K7,
KLK14, CASP14, and/or trypsin).

[0156] Other aspects of the present disclosure relate to
enhancing, increasing, augmenting, and/or supplementing
anti-inflammatory and/or anti-microbial protection of
mucous epithelia in a subject in need thereof comprising
administering to the subject an effective amount of any of
the recombinant nucleic acids, viruses, medicaments, and/or
pharmaceutical compositions or formulations described
herein. In some embodiments, administration of the recom-
binant nucleic acid, virus, medicament, and/or pharmaceu-
tical composition reduces the susceptibility to skin infec-
tions of the subject.

[0157] Other aspects of the present disclosure relate to
repressing or inhibiting desquamation in a subject in need
thereof comprising administering to the subject an effective
amount of any of the recombinant nucleic acids, viruses,
medicaments, and/or pharmaceutical compositions or for-
mulations described herein.

[0158] Other aspects of the present disclosure relate to
reducing or treating a skin barrier defect in a subject in need
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thereof comprising administering to the subject an effective
amount of any of the recombinant nucleic acids, viruses,
medicaments, and/or pharmaceutical compositions or for-
mulations described herein. In some embodiments, the skin
barrier defect is transepidermal water loss (TEWL), also
called transepithelial water loss. In some embodiments, the
methods of the present disclosure reduce transepidermal
water loss in a subject in need thereof. Methods of measur-
ing skin barrier function, including TEWL, are well known
to one of ordinary skill in the art, including, for example, by
any of the methods described by Antonov et al. (Curr Probl
Dermatol. 2016; 49:61-70).

[0159] Other aspects of the present disclosure relate to
providing prophylactic, palliative, or therapeutic relief of
one or more signs or symptoms of Netherton Syndrome in
a subject in need thereof comprising administering to the
subject an effective amount of any of the recombinant
nucleic acids, viruses, medicaments, and/or pharmaceutical
compositions or formulations described herein. In some
embodiments, the subject’s genome comprises a mutation
(e.g., aloss-of-function mutation, a pathogenic variant) in an
endogenous SPINKS gene. In some embodiments, the
recombinant nucleic acid, virus, medicament, and/or phar-
maceutical composition or formulation comprises one or
more polynucleotides encoding a human SPINKS polypep-
tide.

[0160] Signs and/or symptoms of Netherton Syndrome
may include, but are not limited to defective keratinization,
a defective skin barrier, chronic skin inflammation, universal
pruritus (itch), severe dehydration, stunted growth, trichor-
rhexis invaginata and/or trichorrhexis nodosa (hair shaft
defect, also known as bamboo hair), leaking fluid from the
skin, development of ring-like lesions on the skin, eczema,
increased susceptibility to infection (particularly of the skin,
including recurrent skin infections with Staphylococcus),
increased susceptibility to allergy, development of scaly/
reddish skin (similar to atopic dermatitis), development of
ichthyosis linearis circumflexa and/or ichthyosiform eryth-
roderma, altered immunoglobulin levels (typically high IgE
and low to normal IgG immunoglobulins), immature natural
killer cells (having reduced lytic function), and difficulty
regulating body temperature.

[0161] Other aspects of the present disclosure relate to
providing prophylactic, palliative, or therapeutic relief of
one or more signs or symptoms of atopic dermatitis in a
subject in need thereof comprising administering to the
subject an effective amount of any of the recombinant
nucleic acids, viruses, medicaments, and/or pharmaceutical
compositions or formulations described herein. In some
embodiments, the subject’s genome comprises a mutation
(e.g., aloss-of-function mutation, a pathogenic variant) in an
endogenous SPINKS gene. In some embodiments, the
recombinant nucleic acid, virus, medicament, and/or phar-
maceutical composition or formulation comprises one or
more polynucleotides encoding a human SPINKS polypep-
tide.

[0162] Signs and symptoms of atopic dermatitis may
include, without limitation: dry skin; itching, which may be
severe, especially at night; red to brownish-gray patches,
especially on the hands, feet, ankles, wrists, neck, upper
chest, eyelids, inside the bend of the elbows and knees, and
in infants, the face and scalp; small, raised bumps on the skin
which may be weeping; skin infections; eyelid dermatitis;
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cataracts; increased IgE levels; thickened, cracked, or scaly
skin; and raw, sensitive, swollen skin from scratching.
[0163] The recombinant nucleic acids, viruses, medica-
ments, and/or pharmaceutical compositions or formulations
described herein may be administered by any suitable
method or route known in the art, including, without limi-
tation, orally, sublingually, buccally, topically, rectally, via
inhalation, transdermally, subcutaneously, intradermally,
intravenously, intraarterially, intramuscularly, intracardially,
intraosseously, intraperitoneally, transmucosally, vaginally,
intravitreally, intraorbitally, subretinally, intraarticularly,
peri-articularly, locally, epicutaneously, or any combinations
thereof. The present disclosure thus encompasses methods
of delivering any of the recombinant nucleic acids, viruses,
medicaments, and/or pharmaceutical compositions or for-
mulations described herein to an individual (e.g., an indi-
vidual having, or at risk of developing, Netherton Syndrome
and/or atopic dermatitis).

[0164] In some embodiments, the recombinant nucleic
acids, viruses, medicaments, and/or pharmaceutical compo-
sitions or formulations described herein are administered
topically, transdermally, subcutaneously, intradermally, or
transmucosally to the subject. In some embodiments, the
recombinant nucleic acids, viruses, medicaments, and/or
pharmaceutical compositions or formulations are adminis-
tered topically, transdermally, or intradermally to the sub-
ject. In some embodiments, the recombinant nucleic acids,
viruses, medicaments, and/or pharmaceutical compositions
or formulations are administered topically or intradermally
to the subject. In some embodiments, the recombinant
nucleic acids, viruses, medicaments, and/or pharmaceutical
compositions or formulations are administered topically to
the subject.

[0165] In some embodiments, the recombinant nucleic
acids, viruses, medicaments, and/or pharmaceutical compo-
sitions or formulations are administered once to the subject.
In some embodiments, the recombinant nucleic acids,
viruses, medicaments, and/or pharmaceutical compositions
or formulations are administered at least twice (e.g., at least
2 times, at least 3 times, at least 4 times, at least 5 times, at
least 10 times, etc.) to the subject. In some embodiments, at
least about 1 hour (e.g., at least about 1 hour, at least about
6 hours, at least about 12 hours, at least about 18 hours, at
least about 1 day, at least about 2 days, at least about 3 days,
at least about 4 days, at least about 5 days, at least about 6
days, at least about 7 days, at least about 15 days, at least
about 20 days, at least about 30 days, at least about 40 days,
at least about 50 days, at least about 60 days, at least about
70 days, at least about 80 days, at least about 90 days, at least
about 100 days, at least about 120 days, etc.) pass between
administrations (e.g., between the first and second admin-
istrations, between the second and third administrations,
etc.). In some embodiments, the recombinant nucleic acids,
viruses, medicaments, and/or pharmaceutical compositions
or formulations are administered one, two, three, four, five
or more times per day to the subject. In some embodiments,
the recombinant nucleic acids, viruses, medicaments, and/or
pharmaceutical compositions or formulations are adminis-
tered to one or more affected (e.g., one or more regions of
the skin displaying one or more signs or symptoms of
Netherton Syndrome and/or atopic dermatitis) and/or unaf-
fected areas of the subject.

[0166] In some embodiments, one or more portions of the
skin of the subject is abraded or made more permeable prior
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to treatment. Any suitable method of abrading the skin or
increasing skin permeability known in the art may be used,
including, for example, use of a dermal roller, repeated use
of adhesive strips to remove layers of skin cells (tape
stripping), scraping with a scalpel or blade, use of sandpaper,
use of chemical permeation enhancers or electrical energy,
use of sonic or ultrasonic energy, use of light (e.g., laser)
energy, use of micron-sized needles or blades with a length
suitable to pierce but not completely pass through the
epidermis, etc.

VII. HOST CELLS

[0167] Certain aspects of the present disclosure relate to
one or more host cells comprising any of the recombinant
nucleic acids described herein. Any suitable host cell (pro-
karyotic or eukaryotic) known in the art may be used,
including, for example: prokaryotic cells including eubac-
teria, such as Gram-negative or Gram-positive organisms,
for example Enterobacteriaceae such as Escherichia (e.g., E.
coli), Enterobacter, Erminia, Klebsiella, Proteus, Salmo-
nella (e.g., S. typhimurium), Serratia (e.g., S. marcescans),
and Shigella, as well as Bacilli such as B. subtilis and B.
licheniformis; fungal cells (e.g., S. cerevisiae); insect cells
(e.g., S2 cells, etc.); and mammalian cells, including mon-
key kidney CV1 line transformed by SV40 (COS-7, ATCC
CRL 1651), human embryonic kidney line (293 or 293 cells
subcloned for growth in suspension culture), baby hamster
kidney cells (BHK, ATCC CCL 10), mouse Sertoli cells
(TM4), monkey kidney cells (CV1 ATCC CCL 70), African
green monkey kidney cells (VERO-76, ATCC CRL-1587),
human cervical carcinoma cells (HELA, ATCC CCL 2),
canine kidney cells (MDCK, ATCC CCL 34), buffalo rat
liver cells (BRL 3A, ATCC CRL 1442), human lung cells
(W138, ATCC CCL 75), human liver cells (Hep G2, HB
8065), mouse mammary tumor (MMT 060562, ATCC
CCL51), TRI cells, MRC 5 cells, FS4 cells, human hepa-
toma line (Hep G2), Chinese hamster ovary (CHO) cells,
including DHFR" CHO cells, and myeloma cell lines such
as NSO and Sp2/0. In some embodiments, the host cell is a
human or non-human primate cell. In some embodiments,
the host cells are cells from a cell line. Examples of suitable
host cells or cell lines may include, but are not limited to,
293, HeLa, SH-Sy5y, Hep G2, CACO-2, A549, 1.929, 3T3,
K562, CHO-K1, MDCK, HUVEC, Vero, N20, COS-7,
PSN1, VCaP, CHO cells, and the like.

[0168] In some embodiments, the recombinant nucleic
acid is a herpes simplex viral vector. In some embodiments,
the recombinant nucleic acid is a herpes simplex virus
amplicon. In some embodiments, the recombinant nucleic
acid is an HSV-1 amplicon or HSV-1 hybrid amplicon. In
some embodiments, a host cell comprising a helper virus is
contacted with an HSV-1 amplicon or HSV-1 hybrid ampli-
con described herein, resulting in the production of a virus
comprising one or more recombinant nucleic acids described
herein. In some embodiments, the virus is collected from the
supernatant of the contacted host cell. Methods of generat-
ing virus by contacting host cells comprising a helper virus
with an HSV-1 amplicon or HSV-1 hybrid amplicon are
known in the art.

[0169] In some embodiments, the host cell is a comple-
menting host cell. In some embodiments, the complement-
ing host cell expresses one or more genes that are inactivated
in any of the viral vectors described herein. In some embodi-
ments, the complementing host cell is contacted with a
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recombinant herpes virus genome (e.g., a recombinant her-
pes simplex virus genome) described herein. In some
embodiments, contacting a complementing host cell with a
recombinant herpes virus genome results in the production
of a herpes virus comprising one or more recombinant
nucleic acids described herein. In some embodiments, the
virus is collected from the supernatant of the contacted host
cell. Methods of generating virus by contacting comple-
menting host cells with a recombinant herpes simplex virus
are generally described in WO2015/009952 and/or
W02017/176336.

VIII. ARTICLES OF MANUFACTURE OR KITS

[0170] Certain aspects of the present disclosure relate to
an article of manufacture or a kit comprising any of the
recombinant nucleic acids, viruses, medicaments, and/or
pharmaceutical compositions or formulations described
herein. In some embodiments, the article of manufacture or
kit comprises a package insert comprising instructions for
administering the recombinant nucleic acid, virus, medica-
ment, and/or pharmaceutical composition or formulation to
treat a SPINK deficiency (e.g., in a subject harboring a
SPINK gene mutation) and/or to provide prophylactic, pal-
liative, or therapeutic relief of one or more signs or symp-
toms of a disease associated with a SPINK deficiency (such
as Netherton Syndrome and/or atopic dermatitis).

[0171] Suitable containers for the recombinant nucleic
acids, viruses, medicaments, and/or pharmaceutical compo-
sitions or formulations may include, for example, bottles,
vials, bags, tubes, and syringes. The container may be
formed from a variety of materials such as glass, plastic
(such as polyvinyl chloride or polyolefin), or metal alloy
(such as stainless steel or hastelloy). In some embodiments,
the container comprises a label on, or associated with the
container, wherein the label indicates directions for use. The
article of manufacture or kit may further include other
materials desirable from a commercial and user standpoint,
including other buffers, diluents, filters, needles, syringes,
package inserts, and the like.

IX. ENUMERATED EMBODIMENTS

[0172] Embodiment 1: a recombinant herpes virus
genome comprising one or more polynucleotides encoding a
Serine Protease Inhibitor Kazal-type (SPINK) polypeptide.

[0173] Embodiment 2: the recombinant herpes virus
genome of embodiment 1, wherein the recombinant herpes
virus genome is replication competent.

[0174] Embodiment 3: the recombinant herpes virus
genome of embodiment 1, wherein the recombinant herpes
virus genome is replication defective.

[0175] Embodiment 4: the recombinant herpes virus
genome of any one of embodiments 1-3, wherein the recom-
binant herpes virus genome comprises the one or more
polynucleotides encoding the SPINK polypeptide within
one or more viral gene loci.

[0176] Embodiment 5: the recombinant herpes virus
genome of any one of embodiments 1-4, wherein the recom-
binant herpes virus genome is selected from a recombinant
herpes simplex virus genome, a recombinant varicella zoster
virus genome, a recombinant human cytomegalovirus
genome, a recombinant herpesvirus 6A genome, a recom-
binant herpesvirus 6B genome, a recombinant herpesvirus 7
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genome, a recombinant Kaposi’s sarcoma-associated her-
pesvirus genome, and any derivatives thereof.

[0177] Embodiment 6: the recombinant herpes virus
genome of any one of embodiments 1-5, wherein the recom-
binant herpes virus genome is a recombinant herpes simplex
virus genome.

[0178] Embodiment 7: the recombinant herpes virus
genome of embodiment 5 or embodiment 6, wherein the
recombinant herpes simplex virus genome is a recombinant
type 1 herpes simplex virus (HSV-1) genome, a recombinant
type 2 herpes simplex virus (HSV-2) genome, or any deriva-
tives thereof.

[0179] Embodiment 8: the recombinant herpes virus
genome of any one of embodiments 1-7, wherein the SPINK
polypeptide is a human SPINK polypeptide.

[0180] Embodiment 9: the recombinant herpes virus
genome of any one of embodiments 1-7, wherein the SPINK
polypeptide is a Serine Protease Inhibitor Kazal-type 5
(SPINKS) polypeptide.

[0181] Embodiment 10: the recombinant herpes virus
genome of any one of embodiments 1-9, wherein the SPINK
polypeptide is a human SPINKS polypeptide.

[0182] Embodiment 11: the recombinant herpes virus
genome of embodiment 9 or embodiment 10, wherein the
SPINKS polypeptide comprises a sequence having at least
80%, at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence identity
to an amino acid sequence selected from SEQ ID NOS:
7-25.

[0183] Embodiment 12: the recombinant herpes virus
genome of any one of embodiments 9-11, wherein the
SPINKS polypeptide comprises a sequence having at least
80%, at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence identity
to an amino acid sequence selected from SEQ ID NOS: 7-9.
[0184] Embodiment 13: the recombinant herpes virus
genome of any one of embodiments 9-12, wherein the
SPINKS polypeptide comprises a sequence having at least
80%, at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence identity
to the amino acid sequence of SEQ ID NO: 7.

[0185] Embodiment 14: the recombinant herpes virus
genome of any one of embodiments 5-13, wherein the
recombinant herpes simplex virus genome comprises an
inactivating mutation.

[0186] Embodiment 15: the recombinant herpes virus
genome of embodiment 14, wherein the inactivating muta-
tion is in a herpes simplex virus gene.

[0187] Embodiment 16: the recombinant herpes virus
genome of embodiment 15, wherein the inactivating muta-
tion is a deletion of the coding sequence of the herpes
simplex virus gene.

[0188] Embodiment 17: the recombinant herpes virus
genome of embodiment 15 or embodiment 16, wherein the
herpes simplex virus gene is selected from Infected Cell
Protein (ICP) 0, ICP4, ICP22, ICP27, ICP47, thymidine
kinase (tk), Long Unique Region (UL) 41, and UL5S5.
[0189] Embodiment 18: the recombinant herpes virus
genome of embodiment 17, wherein the recombinant herpes
simplex virus genome comprises an inactivating mutation in
one or both copies of the ICP4 gene.
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[0190] Embodiment 19: the recombinant herpes virus
genome of embodiment 17 or embodiment 18, wherein the
recombinant herpes simplex virus genome comprises an
inactivating mutation in the ICP22 gene.

[0191] Embodiment 20: the recombinant herpes virus
genome of any one of embodiments 17-19, wherein the
recombinant herpes simplex virus genome comprises an
inactivating mutation in the UL41 gene.

[0192] Embodiment 21: the recombinant herpes virus
genome of any one of embodiments 17-20, wherein the
recombinant herpes simplex virus genome comprises an
inactivating mutation in one or both copies of the ICPO gene.
[0193] Embodiment 22: the recombinant herpes virus
genome of any one of embodiments 17-21, wherein the
recombinant herpes simplex virus genome comprises an
inactivating mutation in the ICP27 gene.

[0194] Embodiment 23: the recombinant herpes virus
genome of any one of embodiments 5-22, wherein the
recombinant herpes simplex virus genome comprises the
one or more polynucleotides encoding the SPINK polypep-
tide within one or both of the ICP4 viral gene loci.

[0195] Embodiment 24: the recombinant herpes virus
genome of any one or embodiments 5-23, wherein the
recombinant herpes simplex virus genome comprises the
one or more polynucleotides encoding the SPINK polypep-
tide within the ICP22 viral gene locus.

[0196] Embodiment 25: the recombinant herpes virus
genome of any one of embodiments 5-24, wherein the
recombinant herpes simplex virus genome comprises the
one or more polynucleotides encoding the SPINK polypep-
tide within the UL41 viral gene locus.

[0197] Embodiment 26: the recombinant herpes virus
genome of any one of embodiments 1-25, wherein the
recombinant herpes virus genome has reduced cytotoxicity
when introduced into a target cell as compared to a corre-
sponding wild-type herpes virus genome.

[0198] Embodiment 27: the recombinant herpes virus
genome of embodiment 26, wherein the target cell is a
human cell.

[0199] Embodiment 28: the recombinant herpes virus
genome of embodiment 26 or embodiment 27, wherein the
target cell is a cell of the epidermis and/or dermis.

[0200] Embodiment 29: the recombinant herpes virus
genome of any one of embodiments 26-28, wherein the
target cell is a keratinocyte or fibroblast.

[0201] Embodiment 30: a herpes virus comprising the
recombinant herpes virus genome of any one of embodi-
ments 1-29.

[0202] Embodiment 31: the herpes virus of embodiment
30, wherein the herpes virus is replication competent.
[0203] Embodiment 32: the herpes virus of embodiment
30, wherein the herpes virus is replication defective.
[0204] Embodiment 33: the herpes virus of any one of
embodiments 30-32, wherein the herpes virus has reduced
cytotoxicity as compared to a corresponding wild-type her-
pes virus.

[0205] Embodiment 34: the herpes virus of any one of
embodiments 30-33, wherein the herpes virus is selected
from a herpes simplex virus, a varicella zoster virus, a
human cytomegalovirus, a herpesvirus 6A, a herpesvirus
6B, a herpesvirus 7, a Kaposi’s sarcoma-associated herpes-
virus, and any derivatives thereof.
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[0206] Embodiment 35: the herpes virus of any one of
embodiments 30-34, wherein the herpes virus is a herpes
simplex virus.

[0207] Embodiment 36: the herpes virus of embodiment
34 or embodiment 35, wherein the herpes simplex virus is an
HSV-1 virus, an HSV-2 virus, or any derivatives thereof.
[0208] Embodiment 37: a pharmaceutical composition
comprising the recombinant herpes virus genome of any one
of embodiments 1-29 and/or the herpes virus of any one of
embodiments 30-36 and a pharmaceutically acceptable
excipient.

[0209] Embodiment 38: the pharmaceutical composition
of embodiment 37, wherein the pharmaceutical composition
is suitable for topical, transdermal, subcutaneous, intrader-
mal, oral, sublingual, buccal, rectal, vaginal, inhaled, intra-
venous, intraarterial, intramuscular, intracardiac, intraosse-
ous, intraperitoneal, transmucosal, intravitreal, subretinal,
intraarticular, peri-articular, local, or epicutaneous adminis-
tration.

[0210] Embodiment 39: the pharmaceutical composition
of embodiment 37 or embodiment 38, wherein the pharma-
ceutical composition is suitable for topical, transdermal,
subcutaneous, intradermal, or transmucosal administration.
[0211] Embodiment 40: the pharmaceutical composition
of any one of embodiments 37-39, wherein the pharmaceu-
tical composition is suitable for topical administration.
[0212] Embodiment 41: the pharmaceutical composition
of any one of embodiments 37-40, wherein the pharmaceu-
tical composition comprises a hydroxypropyl methylcellu-
lose gel.

[0213] Embodiment 42: the pharmaceutical composition
of any one of embodiments 37-41, wherein the pharmaceu-
tical composition comprises a phosphate buffer.

[0214] Embodiment 43: the pharmaceutical composition
of any one of embodiments 37-42, wherein the pharmaceu-
tical composition comprises glycerol.

[0215] Embodiment 44: the pharmaceutical composition
of any one of embodiments 37-43, wherein the pharmaceu-
tical composition comprises a lipid carrier.

[0216] Embodiment 45: the pharmaceutical composition
of any one of embodiments 37-44, wherein the pharmaceu-
tical composition comprises a nanoparticle carrier.

[0217] Embodiment 46: a method of enhancing, increas-
ing, augmenting, and/or supplementing the levels of a
SPINK polypeptide in one or more cells of a subject, the
method comprising administering to the subject an effective
amount of the herpes virus of any one of embodiments 30-36
or the pharmaceutical composition of any one of embodi-
ments 37-45.

[0218] Embodiment 47: the method of embodiment 46,
wherein the SPINK polypeptide is a SPINKS polypeptide.
[0219] Embodiment 48: a method of enhancing, increas-
ing, augmenting, and/or supplementing anti-inflammatory
and/or anti-microbial protection of mucous epithelia in a
subject in need thereof, the method comprising administer-
ing to the subject an effective amount of the herpes virus of
any one of embodiments 30-36 or the pharmaceutical com-
position of any one of embodiments 37-45.

[0220] Embodiment 49: a method of repressing desqua-
mation in a subject in need thereof, the method comprising
administering to the subject an effective amount of the
herpes virus of any one of embodiments 30-36 or the
pharmaceutical composition of any one of embodiments
37-45.
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[0221] Embodiment 50: a method of reducing or treating
a skin barrier defect in a subject in need thereof, the method
comprising administering to the subject an effective amount
of the herpes virus of any one of embodiments 30-36 or the
pharmaceutical composition of any one of embodiments
37-45.

[0222] Embodiment 51: the method of embodiment 50,
wherein the skin barrier defect is transepithelial water loss
(TEWL).

[0223] Embodiment 52: a method of providing prophy-
lactic, palliative, or therapeutic relief of one or more signs or
symptoms of Netherton Syndrome (NS) in a subject in need
thereof, the method comprising administering to the subject
an effective amount of the herpes virus of any one of
embodiments 30-36 or the pharmaceutical composition of
any one of embodiments 37-45.

[0224] Embodiment 53: the method of embodiment 52,
wherein the one or more signs or symptoms of NS are
selected from the group consisting of defective keratiniza-
tion, a defective skin barrier, recurrent skin infections,
congenital ichthyosiform erythroderma, ichthyosis linearis
circumflexa, trichorrhexis invaginata, chronic skin inflam-
mation, and any combinations thereof.

[0225] Embodiment 54: the method of any one of embodi-
ments 46-53, wherein the subject is a human.

[0226] Embodiment 55: the method of any one of embodi-
ments 46-54, wherein the subject’s genome comprises a
loss-of-function mutation in a SPINKS gene.

[0227] Embodiment 56: the method of any one of embodi-
ments 46-55, wherein the herpes virus or pharmaceutical
composition is administered topically, transdermally, sub-
cutaneously, epicutaneously, intradermally, orally, sublin-
gually, buccally, rectally, vaginally, intravenously, intraarte-
rially, intramuscularly, intraosseously, intracardially,
intraperitoneally, transmucosally, intravitreally, subretinally,
intraarticularly, periarticularly, locally, or via inhalation to
the subject.

[0228] Embodiment 57: the method of any one of embodi-
ments 46-56, wherein the herpes virus or pharmaceutical
composition is administered topically, transdermally, sub-
cutaneously, intradermally, or transmucosally to the subject.
[0229] Embodiment 58: the method of any one of embodi-
ments 46-57, wherein the herpes virus or pharmaceutical
composition is administered topically to the subject.
[0230] Embodiment 59: the method of any one of embodi-
ments 46-58, wherein the skin of the subject is abraded prior
to administration.

[0231] The specification is considered to be sufficient to
enable one skilled in the art to practice the present disclo-
sure. Various modifications of the present disclosure in
addition to those shown and described herein will become
apparent to those skilled in the art from the foregoing
description and fall within the scope of the appended claims.

EXAMPLES

[0232] The present disclosure will be more fully under-
stood by reference to the following examples. They should
not, however, be construed as limiting the scope of the
present disclosure. It is understood that the examples and
embodiments described herein are for illustrative purposes
only and that various modifications or changes in light
thereof will be suggested to persons skilled in the art and are
to be included within the spirit and purview of this appli-
cation and scope of the appended claims.
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Example 1: Modified Herpes Simplex Virus Vectors
Encoding a Human SPINKS Protein

[0233] To make modified, recombinant herpes simplex
virus genome vectors capable of expressing SPINKS poly-
peptides in a target mammalian cell (such as a human
keratinocyte or fibroblast), a herpes simplex virus genome
(FIG. 1A) is first modified to inactivate one or more herpes
simplex virus genes. Such modifications may decrease the
toxicity of the genome in mammalian cells. Next, variants of
these modified/attenuated recombinant viral constructs are
generated such that they carry one or more polynucleotides
encoding the desired SPINKS polypeptide. These variants
include: 1) a recombinant AICP4-modified HSV-1 genome
comprising expression cassettes containing the coding
sequence (e.g., SEQ ID NO: 2) of a human SPINKS poly-
peptide (e.g., SEQ ID NO: 7) under the control of a
heterologous promoter integrated at each ICP4 locus (FIG.
1B); 2) a recombinant AICP4/AICP22-modified HSV-1
genome comprising expression cassettes containing the cod-
ing sequence (e.g., SEQ ID NO: 2) of a human SPINKS5
polypeptide (e.g., SEQ ID NO: 4) under the control of a
heterologous promoter integrated at each ICP4 locus (FIG.
1C); 3) a recombinant AICP4/AICP22-modified HSV-1
genome comprising an expression cassette containing the
coding sequence (e.g., SEQ ID NO: 2) of a human SPINK5
polypeptide (e.g., SEQ ID NO: 4) under the control of a
heterologous promoter integrated at the ICP22 locus (FIG.
1D); 4) a recombinant AICP4/AUL41-modified HSV-1
genome comprising an expression cassette containing the
coding sequence (e.g., SEQ ID NO: 2) of a human SPINK5
polypeptide (e.g., SEQ ID NO: 4) under the control of a
heterologous promoter integrated at each ICP4 locus (FIG.
1E); 5) a recombinant AICP4/AUL41-modified HSV-1
genome comprising an expression cassette containing the
coding sequence (e.g., SEQ ID NO: 2) of a human SPINK5
polypeptide (e.g., SEQ ID NO: 4) under the control of a
heterologous promoter integrated at the UL41 locus (FIG.
1F), 6) a recombinant AICP4/AICP22/AUL41-modified
HSV-1 genome comprising an expression cassette contain-
ing the coding sequence (e.g., SEQ ID NO: 2) of a human
SPINKS polypeptide (e.g., SEQ ID NO: 4) under the control
of a heterologous promoter integrated at each ICP4 locus
(FIG. 1G), 7) a recombinant AICP4/AICP22/AUL41-modi-
fied HSV-1 genome comprising an expression cassette con-
taining the coding sequence (e.g., SEQ ID NO: 2) of a
human SPINKS polypeptide (e.g., SEQ ID NO: 4) under the
control of a heterologous promoter integrated at the UL41
locus (FIG. 1H), and 8) a recombinant AICP4/AICP22/
AUL41-modified HSV-1 genome comprising an expression
cassette containing the coding sequence (e.g., SEQ ID NO:
2) of a human SPINKS polypeptide (e.g., SEQ ID NO: 4)
under the control of a heterologous promoter integrated at
the ICP22 locus (FIG. 11).

[0234] These modified herpes simplex virus genome vec-
tors are transfected into engineered Vero cells that are
modified to express one or more herpes virus genes. These
engineered Vero cells subsequently secrete into the super-
natant of the cell culture a replication-defective herpes
simplex virus with the modified genomes packaged therein.
The supernatant is then collected, concentrated, and sterile
filtered through a 5 um filter.
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Example 2: Construction and In Vitro Analysis of
an HSV Candidate Encoding Human SPINKS

[0235] The following example describes the construction
of a recombinant herpes simplex virus type 1 (HSV-1)
modified to express human SPINKS, and further, provides
experiments showing that the recombinant virus was capable
of expression functional human SPINKS in vitro in infected
human cells.

[0236] Materials and Methods

Virus Construction

[0237] The “HSV-S5” vector was generated as follows: a
recombinant HSV-1 was engineered to incorporate a codon-
optimized human SPINKS expression cassette containing a
heterologous promoter and polyA sequence into each of the
ICP4 loci. Multiple plaques of the engineered virus puta-
tively containing the human SPINKS cassette were picked
and screened by infection in Vero cells to test for SPINKS
expression (data not shown). The highest SPINKS produc-
ing virus, termed “HSV-S57, was isolated and purified.

Cell Culture

[0238] All cells were cultured at 37° C. in 5% CO,.
Immortalized normal keratinocytes were cultured in DMEM
supplemented with 10% FBS and 1% HEPES buffer. Cells
were grown in 6-well plates for gPCR/qQRT-PCR analyses,
western blotting, and the effector secretion and functionality
assays. Cells were grown in 8 chamber slides for immuno-
fluorescence.

Viral Infections

[0239] Viral aliquots were removed from the -80° C.
freezer and were left to defrost under the tissue culture
laminar flow hood. Multiplicity of infection was calculated
from the virus titer and target cell number, the appropriate
volume of virus stock was diluted in cell culture medium to
a final volume of 100 plL, and the prepared virus was
incubated with the target cells for 1 hour at 37° C. After the
hour-long infection, 2 mL of the appropriate cell culture
medium was added to well of the 6-well plate, or in the case
of 8 chamber slides, 4004, of medium was added.
qPCR/gRT-PCR Analysis

[0240] Immortalized keratinocytes were plated in 6-well
plates at 7x10° cells/well to achieve 90-100% confluence the
following day. 48 hours after mock infection or infection
with HSV-S5, cells were resuspended in 3504, RLT buffer
containing DTT and homogenized by passing through a
QiaShredder column according to the manufacturer’s pro-
tocol. DNA and RNA were isolated using an AllPrep DNA/
RNA Mini kit (Qiagen) according to the manufacturer’s
protocol. For qPCR/qRT-PCR analysis, 50 ng of DNA or
RNA were used per reaction in a total reaction volume of 25
pul. DNA quantification was determined by qPCR analysis
using a Tagman® Fast Advanced Master Mix (Applied
Biosystems); RNA quantification was determined by qRT-
PCR analysis using Quantabio 1-Step RT-qPCR ToughMix.
All samples were run in duplicate.

Western Blotting

[0241] Immortalized keratinocytes were plated in 6-well
plates at 7x10° cells/well to achieve 90-100% confluence the
following day. 48 hours after mock infection or infection
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with HSV-S5, media was aspirated, cells were recovered
with gentle scraping, and cell pellets were generated by
centrifugation. Cells were lysed with RIPA buffer and incu-
bated with intermittent agitation. Next, benzonase (10U)
was added to each lysate for 10 minutes at room tempera-
ture. Lysates were then mixed with 4xL.DS sample buffer
(Invitrogen) containing 5% 2-mercaptoethanol. Prior to
loading, samples were first boiled for 10 minutes at 95° C.,
allowed to cool to room temperature, and then briefly
centrifuged. Lysates were then run on a 4-20% Tris-Glycine
gel and then transferred onto PVDF. Primary antibodies
(rabbit anti-human SPINKS5, R&D Systems cat. no. AF8515;
rabbit anti-human GAPDH, Abcam cat. no. ab9485) were
incubated with the blocked blots. Blots were then incubated
with secondary antibody (goat anti-rabbit IgG-AP conju-
gated, Sigma) for 1 hour at room temperature, the blots were
washed three times with TBS for five minutes each, and the
washed blots were then incubated with AP Chromogenic
substrate (Invitrogen) to allow for development of the bands.

Immunocytochemistry

[0242] Immortalized keratinocytes were plated in 8-cham-
ber slides at 1.3x10° cells/well to achieve 90-100% conflu-
ence the following day. 48 hours after mock infection or
infection with HSV-S5, cells were fixed with 2% paraform-
aldehyde, and were permeabilized with 0.2% Triton™
X-100 for five minutes. The cells were incubated with
Powerblock (BioGenex) for 30 minutes, then were incu-
bated with rabbit anti-human SPINKS primary antibody
(Novus Biologicals cat. no. NBP1-90509) overnight. Slides
were subsequently incubated with Alexa Fluor® 488-con-
jugated secondary antibody, and mounted with Prolong
Gold antifade reagent containing DAPI.

SPINKS ELISA

[0243] The expression and secretion of human SPINKS
protein was assessed using a commercially available ELISA
kit according to the manufacturer’s protocol (LSBio).
Briefly, standards or samples (media from cell culture) were
added to the wells, unbound standard or sample was washed
away, and a biotin-conjugated detection antibody was then
added. An avidin-horseradish peroxidase conjugate was
incubated in the wells to bind to the biotin, and a TMB
substrate was then added resulting in quantitative colorimet-
ric development. A sulfuric acid stop solution was added to
terminate color development, and optical density of each
well was measured at a wavelength of 450 nm using a
Synergy H1 Hybrid Multi-Mode Reader.

SPINKS Activity Assay

[0244] The inhibition of recombinant human Kallikrein 5
(R&D Systems) protease activity by HSV-S5-infected
immortalized keratinocyte cell supernatants was evaluated
using a modified method supplied by R&D Systems. Briefly,
rhKLKS5 (2 ng/ul.) was preincubated with culture superna-
tants from HSV-S5-infected (or mock infected) cells for 5
minutes at room temperature. Following preincubation, the
fluorogenic peptide Boc-VPR-AMC was added to a final
concentration of 20 uM. Immediately after the addition of
substrate, the cleavage of substrate (relative fluorescence
units, RFU) was measured at Excitation 380 nm/Emission
460 nm using a Synergy H1 Hybrid Multi-Mode Reader
every 70 seconds for 15 minutes.
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Results

[0245] Immortalized normal human keratinocytes
(HaCaTs) were infected with various multiplicities of infec-
tion (MOIs) of HSV-S5 ranging from 0.3 to 3.0. SPINK5
expression was evaluated by quantitative polymerase chain
reaction (qPCR), quantitative reverse transcription PCR
(qQRT-PCR), western blot analysis, and an enzyme-linked
immunosorbent assay (ELISA) 48 hours post-infection.
[0246] SPINKS was detected in infected normal keratino-
cytes at an MOI as low as 0.3, and appeared to show a
dose-dependent increase at both the DNA (FIG. 2A) and
transcript (FI1G. 2B) levels up to an MOI of 3.0. A concomi-
tant dose-dependent increase in SPINKS protein expression
was observed in the cytoplasm of infected normal keratino-
cytes, as assessed by western blot (FIG. 2C).

[0247] SPINKS expression in HSV-S5-infected keratino-
cytes was also evaluated by immunocytochemistry (ICC). In
agreement with the nucleic acid and western blot analyses,
a dose-dependent increase in SPINKS protein expression
was observed by ICC analysis (FIG. 2D). 7.36% of mock
infected cells were SPINK S-positive, while 27.3%, 68.48%,
and 95.20% of the HSV-S5-transduced cells were SPINKS5-
positive when infected at a MOI of 0.3, 1.0, and 3.0,
respectively. Notably, there was no significant effect of
infection on either cell morphology or viability, even at high
doses of HSV-S5.

[0248] Because endogenous SPINKS is a naturally
secreted protein, it was important to show that the HSV-S5-
expressed exogenous human SPINKS could also be effec-
tively secreted from infected cells, thus supporting HSV-
S5’s use in SPINKS-deficient patients. As such, SPINKS
protein levels were quantitated in cell culture medium taken
from infected HaCaTs. SPINKS was successfully secreted
from infected normal keratinocytes in a dose-dependent
manner (FIG. 3).

[0249] Finally, functionality of the HSV-S5-expressed
human SPINKS secreted from infected keratinocytes was
confirmed using an enzymatic inhibition assay that mea-
sured SPINKS’s ability to inhibit a native target of the
SPINKS, the human serine protease Kallikrein 5 (KLKS).
Briefly, recombinant human KLLK5 was preincubated with
cell culture supernatants collected from HSV-S5-infected
HaCaTs (supernatant from mock-infected cells was used as
a control). Following this preincubation, a synthetic, non-
natural peptide substrate of human KLLK5 (Boc-VPR-AMC)
was added to the samples, and KL.LK5-mediated cleavage of
the substrate was assessed in each sample. Using this
experimental approach, the proteolytic activity of KLKS5
(and its inhibition by SPINKS) could be directly quantitated
by determining fluorescence resulting from the liberation of
the previously quenched fluorescent AMC moiety of Boc-
VPR-AMC after hydrolysis of the Arg-AMC amide bond by
KLKS5.

[0250] As expected, no inhibition of KLKS activity was
observed when preincubating the protease with cell culture
supernatant obtained from mock-infected keratinocytes. In
contrast, infection with HSV-S5 resulted in a dose-depen-
dent increase in functional SPINKS expression, as observed
by increased KLKS inhibition when the protease was pre-
treated with cell culture supernatant collected from kera-
tinocytes infected with increasing MOIs of HSV-S5 (FIG.
4).

[0251] Taken together, the data presented in this example
demonstrate that an engineered herpes simplex virus can
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efficiently transduce normal human keratinocytes and pro-
duce high levels of exogenous SPINKS after transduction.
Importantly, while HSV-S5 was capable of rescuing/supple-
menting SPINKS expression in human cells, the vector did
not induce any major toxicity in any of the studies. In
addition, the data presented herein indicates that HSV-S5 is
capable of inducing secretion of functional SPINKS at
therapeutically relevant levels.

Example 3: In Vivo Characterization of HSV-S5

[0252] The following example describes in vivo experi-
ments establishing multiple routes of delivery for HSV-S5 in
healthy immunocompetent animals. These studies were con-
ducted in BALB/c mice because there are no practical
disease animal models for SPINKS deficiency, as homozy-
gous deletion of SPINKS is neonatal-lethal in animals.

Materials and Methods

[0253] All procedures conducted in this example were in
compliance with applicable animal welfare acts and were
approved by the local Institutional Animal Care and Use
Committee (IACUC).

Topical HSV-S5 Administration

[0254] The backs of mice were shaved, and hair follicles
were removed with a hair removal product before further
manipulations. Tape stripping (using Tegaderm™) was car-
ried out as described previously (Ekanayake-Mudiyanselage
et al. J Invest Dermatol (1998), 111(3):517-23). After tape
stripping, two sites on the backs of each mouse were treated
topically with the appropriate test article. To contain the
topical formulation at the treatment site, sterile plastic wells
covered by a transparent adhesive dressing were adhered to
the skin of the animals using surgical glue. HSV-S5 (or
vehicle control) formulated in a methylcellulose gel carrier
was then applied to the treatment sites via injection through
the transparent adhesive dressing.

Intradermal HSV-S5 Injection

[0255] The backs of mice were shaved before further
manipulations. HSV-S5 (or vehicle control) was then
injected intradermally to two sites in the backs of each
mouse.

Tissue Harvest

[0256] After infection and the subsequent recovery period,
the animals were euthanized by CO, inhalation followed by
cervical dislocation, and the treatment sites were removed
using an 8 mm punch biopsy. One half of each biopsy was
quick-frozen in liquid nitrogen for qPCR/qRT-PCR analysis,
while the other half was processed for immunofluorescence
analysis and H&E staining.

qPCR/qRT-PCR Analyses

[0257] Quick-frozen biopsy halves were stored at —80° C.
until analysis. For processing and analysis, samples were
resuspended in 350 ulL RLT buffer prepared with fresh DTT
according to the manufacturer’s protocol (Qiagen) and were
sonicated three times at 25% amplitude with intermittent
incubation for 1 minute on ice. DNA and RNA extractions
were performed using the Qiagen AllPrep DNA/RNA
extraction kit according to the manufacturer’s protocol (with
the inclusion of the optional DNase treatment step for the
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RNA samples). Both DNA and RNA samples were resus-
pended in distilled deionized RNase free water and quanti-
fied spectrophotometrically on a Synergy™ H1 microplate
reader (BioTek).

[0258] Absolute quantification of SPINKS DNA and RNA
copies was performed by TagMan Real Time PCR analysis
using custom, transgene-specific primer/probe pairs. Tag-
man® Fast Advanced Master Mix (Applied Biosystems)
was used for DNA quantification (QPCR) and Quantabio
1-Step RT-qPCR ToughMix was used for RNA quantifica-
tion (qRT-PCR). All samples were run in duplicate, and copy
number was determined using a standard curve derived from
a dilution series of plasmid standard containing a known
copy number of the SPINKS transgene.

Immunofluorescence Staining

[0259] 5 pm sections were taken from OCT frozen tissue,
mounted on slides, and air dried for up to 1 hour. The slides
were then dipped in 100% methanol (MeOH) for 10 minutes
at —=20° C. and left to air dry. The methanol-fixed sections
were rehydrated by washing 3 times in PBS (5 minutes each)
at room temperature, followed by an incubation in 3% H,O,
for 10 minutes at room temperature, and 3 washes with PBS.
The samples were then incubated with a blocking solution
(Power Block) for 10 minutes at room temperature in a
humidified chamber. Excess blocking solution was removed,
and the sections were stained with a drop of primary
antibody (Ab) solution (1:200 final dilution) prepared in
antibody diluent buffer (30 to 50 pL. primary Ab solution/
section). The sections were incubated with the primary
antibody for 16 hours at 4° C. or 1 hour at room temperature,
washed three times in TBST (TBS+0.025% Triton X-100)
for 5 minutes at room temperature, and secondary Ab was
applied at a 1:200 dilution in antibody diluent buffer for 30
minutes at room temperature in a humidified chamber.
Slides were once again washed three times with TBST, and
the stained sections were mounted with mounting media
(ProLong™ Gold Antifade Mountant with DAPI, Thermo-
Fisher, cat. no. P36931) and covered with a coverslip. The
sections were imaged after dehydration (approximately 24
hours) using an ECHO Fluorescence Microscope. The pri-
mary and secondary antibodies used in this study are pre-
sented in Table 1.

TABLE 1

antibodies used for immunofluorescence

Antibody: Primary/Secondary: Vendor: Cat. No.:
Rabbit Primary R&D AF8515

anti-SPINKS Systems

Mouse Primary BOSTER MO01063

anti-Filaggrin

Anti-rabbit Secondary Invitrogen Al11034

Alexa Fluor ® 488

Anti-mouse Secondary Abcam Ab50120

Alexa Fluor ® 594

Hematoxylin and Eosin (H&E) Staining

[0260] 5 um sections were taken from cryopreserved tis-
sue, mounted on slides, and air dried for up to 1 hour. The
dried slides were rehydrated by soaking in double-distilled
water for 2 minutes at room temperature. Sections were then
incubated in Hematoxylin Gill 2x(VWR) for 2 minutes at
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room temperature, followed by being dipped 2 to 3 times in
acid alcohol, dipped 3 to 4 times in Blue in Ammonia water,
and incubated in eosin (Eosin Y Solution 1%, VWR) for 2
minutes. Samples were rinsed 3 to 4 times with tap water
between each step. The stained and rinsed sections were
gradually dehydrated with ethanol (EtOH) by first rinsing
twice with 95% EtOH for 2 minutes each, then twice with
100% EtOH for 2 minutes each. Sections were then cleared
through three rinses with Histo-Clear for 2 minutes each,
mounted with mounting media (Permount™ Mounting
Medium), and covered with a coverslip. The sections were
imaged approximately 24 hours after dehydration using a

brightfield microscope
[0261] Results
[0262] A single dose pharmacology study was conducted

in immunocompetent BALB/c mice to determine feasibility
of administering human SPINKS via topical and/or intrad-
ermal administration of HSV-S5. A total of 4 BALB/c mice
were used for this study. Prior to test article administration,
the backs of the mice were shaved, and hair follicles were
removed using a chemical hair removal product. Next, at the
sites of topical treatment, the exposed skin was tape stripped
nine times to disrupt/remove the stratum corneum and 1x10%
plaque forming units (PFUs) of HSV-S5 (or vehicle control)
formulated in a gel carrier were topically administered to
two regions of the tape stripped skin on each mouse. For
intradermal administration, 1x10°PFUs of HSV-S5 (or
vehicle control) were injected at two parallel sites on the
back of each animal. Table 2 below provides a synopsis of
the experimental design.

TABLE 2

study design and test article administration

Group Test
No. N Article

Route of Location;

Administration No. of Sites Termination

Vehicle Topical & Back; 2 topical, 48 hours

Intradermal 2 intradermal

2 3 HSV-S5 Topical & Back; 2 topical, 48 hours
Intradermal 2 intradermal

[0263] 48 hours post-administration, a full thickness 8 mm

biopsy was taken from each treatment site and split in half.
One half of each section was flash frozen in liquid nitrogen
and subsequently processed for qPCR and gRT-PCR analy-
sis in order to quantify SPINKS DNA copy numbers and
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transcript levels, respectively. The remaining half of each
biopsy was embedded in OCT for immunofluorescence (IF).
[0264] qPCR analysis of the topically treated, tape-
stripped skin indicated that the engineered HSV genomes
encoding the human SPINKS transgene efficiently trans-
duced disrupted skin of immunocompetent animals (FIG.
5A). Not only did the genomes efficiently enter the targeted
tissues, but the recombinant human SPINKS was robustly
expressed after infection, as assessed by qRT-PCR analysis
(FIG. 5B). Similar results were found after intradermal
injection of HSV-SS5 into fully intact skin at both the DNA
(FIG. 5C) and RNA (FIG. 5D) levels. No SPINK5 DNA or
RNA was detected in the vehicle treated tissues, indicating
specificity of the assay for the HSV-S5 test article.

[0265] SPINKS expression in cryosections harvested from
topically treated animals was determined by immunofluo-
rescent analysis using an anti-human SPINKS antibody. To
confirm that the SPINKS expressed from HSV-S5 was
correctly localized to the cornified layer of the epidermis, the
samples were also counterstained for mouse Filaggrin,
another structural protein localized to this region of the skin
(FIG. 5E). This data demonstrated that topical application of
HSV-S5 led to successful transduction of mouse skin, induc-
ing robust expression of the encoded human transgene in the
correct layer of the epidermis.

[0266] Histological evaluation of topically treated skin
showed no inflammatory infiltration at the treated site, and
the HSV-S5 treated skin appeared morphologically normal
(comparable to vehicle-treated skin) (FIG. 5F), demonstrat-
ing the safety of this therapy.

[0267] Taken together, the in vivo data presented herein
clearly demonstrates that (1) HSV-S5 successfully expresses
human SPINKS in vivo when administered topically and
intradermally to immunocompetent mice, and (2) the recom-
binant SPINKS is expressed in, and localizes to, the appro-
priate region of the epidermis. In addition, no inflammatory
infiltration or gross structural changes to the skin were
observed at the HSV-S5-treated sites, confirming that HSV-
S5 is well tolerated. Without wishing to be bound by theory,
it is believed that these data, paired with the results of the in
vitro testing, provide strong support for the safe and effec-
tive use of topical or intradermal HSV-S5 for the transient
and repeated delivery of human SPINKS. In addition, with-
out wishing to be bound by theory, it is believed that
HSV-S5 has the potential to be a clinically beneficial,
non-invasive gene therapy candidate for the treatment of
Netherton Syndrome.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 26

<210> SEQ ID NO 1

<211> LENGTH: 3285

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

atgaagatag ccacagtgtc agtgcttetg ccettggete tttgectcat acaagatget 60
gccagtaaga atgaagatca ggaaatgtge catgaatttce aggcatttat gaaaaatgga 120
aaactgttect gtccccagga taagaaattt tttcaaagtce ttgatggaat aatgttcatce 180

aataaatgtyg ccacgtgcaa aatgatactyg gaaaaagaag caaaatcaca gaagagggcce 240
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aggcatttag caagagctcc caaggctact gccccaacag agctgaattyg tgatgatttt 300
aaaaaaggag aaagagatgg ggattttatc tgtcctgatt attatgaagc tgtttgtggce 360
acagatggga aaacatatga caacagatgt gcactgtgtg ctgagaatgc gaaaaccggg 420
tcccaaattg gtgtaaaaag tgaaggggaa tgtaagagca gtaatccaga gcaggatgta 480
tgcagtgett ttecggccctt tgttagagat ggaagacttg gatgcacaag ggaaaatgat 540
cctgttettg gtectgatgg gaagacgcat ggcaataagt gtgcaatgtg tgctgagetg 600
tttttaaaag aagctgaaaa tgccaagcga gagggtgaaa ctagaattcyg acgaaatgct 660
gaaaaggatt tttgcaagga atatgaaaaa caagtgagaa atggaaggct tttttgtaca 720
cgggagagtg atccagtccg tggccctgac ggcaggatge atggcaacaa atgtgccctg 780
tgtgctgaaa ttttcaagca gcgtttttca gaggaaaaca gtaaaacaga tcaaaatttg 840
ggaaaagctg aagaaaaaac taaagttaaa agagaaattg tgaaactctg cagtcaatat 900
caaaatcagg caaagaatgg aatacttttc tgtaccagag aaaatgaccc tattcgtggt 960

ccagatggga aaatgcatgg caacttgtgt tccatgtgtc aagcctactt ccaagcagaa 1020
aatgaagaaa agaaaaaggc tgaagcacga gctagaaaca aaagagaatc tggaaaagca 1080
acctcatatg cagagctttg cagtgaatat cgaaagcttg tgaggaacgg aaaacttgcet 1140
tgcaccagag agaacgatcc tatccaggge ccagatggga aagtgcatgg caacacctge 1200
tccatgtgtg aggtcttett ccaagcagaa gaagaagaaa agaaaaagaa ggaaggtaaa 1260
tcaagaaaca aaagacaatc taagagtaca gcttcctttg aggagttgtg tagtgaatac 1320
cgcaaatcca ggaaaaacgg acggcttttt tgcaccagag agaatgaccce catccagggce 1380
ccagatggaa aaatgcatgg caacacctgc tccatgtgtg aggccttctt tcaacaagaa 1440
gaaagagcaa gagcaaaggc taaaagagaa gctgcaaagg aaatctgcag tgaatttegg 1500
gaccaagtga ggaatggaac acttatatgc accagggagc ataatcctgt ccgtggecca 1560
gatggcaaaa tgcatggaaa caagtgtgcc atgtgtgcca gtgtgttcaa acttgaagaa 1620
gaagagaaga aaaatgataa agaagaaaaa gggaaagtcg aggctgaaaa agttaagaga 1680
gaagcagttc aggagctgtg cagtgaatat cgtcattatg tgaggaatgg acgactcccce 1740
tgtaccagag agaatgatcc tattgagggt ctagatggga aaatccacgg caacacctgc 1800
tccatgtgtyg aagecttett ccagcaagaa gcaaaagaaa aagaaagagce tgaacccaga 1860
gcaaaagtca aaagagaagc tgaaaaggag acatgcgatg aatttcggag acttttgcaa 1920
aatggaaaac ttttctgcac aagagaaaat gatcctgtgce gtggcccaga tggcaagacce 1980
catggcaaca agtgtgccat gtgtaaggca gtcttccaga aagaaaatga ggaaagaaag 2040
aggaaagaag aggaagatca gagaaatgct gcaggacatg gttccagtgg tggtggagga 2100
ggaaacactc aggacgaatg tgctgagtat cgggaacaaa tgaaaaatgg aagactcagce 2160
tgtactcggg agagtgatcc tgtacgtgat gctgatggca aatcgtacaa caatcagtgt 2220
accatgtgta aagcaaaatt ggaaagagaa gcagagagaa aaaatgagta ttctcgctcce 2280
agatcaaatg ggactggatc agaatcaggg aaggatacat gtgatgagtt tagaagccaa 2340
atgaaaaatg gaaaactcat ctgcactcga gaaagtgacc ctgtccgggg tccagatggce 2400
aagacacatg gcaataagtg tactatgtgt aaggaaaaac tggaaaggga agcagctgaa 2460

aaaaaaaaga aagaggatga agacaggagc aatacaggag aaaggagcaa tacaggagaa 2520
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aggagcaatg acaaagagga tctgtgtcgt gaatttcgaa gcatgcagag aaatggaaag 2580
cttatctgca ccagagaaaa taaccctgtt cgaggcccat atggcaagat gcacatcaat 2640
aaatgtgcta tgtgtcagag catctttgat cgagaagcta atgaaagaaa aaagaaagat 2700
gaagagaaat caagtagcaa gccctcaaat aatgcaaagg accagtgcag acaggttcag 2760
aatgaagcgg aggatgcaaa atttagacaa cctgggegtt ccttggecte tgttgccagg 2820
atgagtacag atgagtgcag tgaatttcga aactatataa ggaacaatga actcatctgc 2880
cctagagaga atgacccagt gcacggtgct gatggaaagt tctatacaaa caagtgctac 2940
atgtgcagag ctgtctttct aacagaagct ttggaaaggg caaagcttca agaaaagcca 3000
tceccatgtta gagcttctca agaggaagac agcccagact ctttcagtte tetggattcet 3060
gagatgtgca aagactaccg agtattgccc aggataggtt atctttgtcc aaaggattta 3120
aagcctgtet gtggtgacga tggccaaacce tacaacaatc cttgcatgcet ctgtcatgaa 3180
aacctgatac gccaaacaaa tacacacatc cgcagtacag ggaagtgtga ggagagcagce 3240
accccaggaa ccaccgcagce cagcatgcce ccgtctgacg aatga 3285
<210> SEQ ID NO 2

<211> LENGTH: 3285

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 2

atgaagatcg ccaccgtgte tgtgetgetg cctetggete tgtgectgat tcaggatgece 60
gccagcaaga acgaggacca agagatgtge cacgagttece aggectttat gaagaacgge 120
aagctgttet gecctcaaga caagaagtte ttecagagec tggacggeat catgttcate 180
aacaagtgcg ccacatgcaa gatgatcctyg gaaaaagagg ccaagagcca gaagcegggece 240
agacaccttyg ctagagcccece taaagccace getcctaceg agetgaactyg cgacgactte 300
aagaaaggcg agcgcgacgg cgacttcate tgecccgatt attacgagge cgtgtgegge 360
accgatggca agacctacga taacagatge geectgtgeg cecgagaatge caagacagga 420
tctcagateg gegtgaagte tgagggcgag tgcaagagea gcaacccega gcaggatgtg 480
tgcagegect tcagaccctt cgtcagagat ggcagactgg getgcaccag agaaaacgat 540
cctgtgetgyg geoctgacgg caagacacac ggaaacaagt gtgetatgtg tgccgagetg 600
ttcctgaaag aggccgaaaa cgccaagaga gagggcgaga cacggatcag aagaaacgcc 660
gagaaggact tctgcaaaga atacgagaag caagtgcgga acggacgect gttetgtacce 720
cgggaaagceg atccagtcag aggecccgat ggaagaatge acggcaacaa atgcgcactg 780
tgtgctgaga tcttcaagca geggttcage gaggaaaaca gcaagaccga ccagaacctg 840
ggcaaagcceg aagaaaagac caaagtgaag cgcgagatcg tgaagetgtg cagecagtac 900
cagaaccagg ccaagaatgg catcctgtte tgcacacgeg agaacgacce catcagagga 960

cccgacggaa agatgcatgg aaacctgtge agecatgtgec aggectactt ccaggcecgag 1020

aacgaagaga agaagaaggc cgaagccagg gccagaaaca agagagaaag cggcaaggec 1080

accagctacyg ccgaactgtg tagcgagtac agaaageteg tgcggaatgg caagetggece 1140

tgcactaggg aaaatgaccc tattcaggga ccagacggca aggtgcacgg gaatacctgt 1200
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tccatgtgeg aggtgttett tcaggecgag gaagaggaaa aaaagaagaa agagggcaag 1260
tceccggaaca agceggcagag caagagcacce gecagcetteg aggaactgtyg ctcecgagtac 1320
cggaagtcca gaaagaatgg ccggctttte tgcacgagag agaatgatcc catccagggg 1380
cctgatggca aaatgcatgg caatacttgce tctatgtgeg aggcattttt ccagcaagag 1440
gaacgggcca gagccaaggce caaaagagag gccgccaaag agatctgcag cgagtttagg 1500
gaccaagtcce gcaacggcac cctgatctge accagggaac acaaccctgt cagagggeca 1560
gacgggaaaa tgcacgggaa caagtgtgcc atgtgcgcect ccgtgttcaa gctggaagaa 1620
gaagaaaaga aaaacgacaa agaagagaag ggaaaagtcg aagccgagaa agtgaagagg 1680
gaagccgtge aagaactctg ttetgagtac cggcactacg tccggaacgg cagactgect 1740
tgtactcggg aaaacgaccc aatcgaagga ctggacggga agatccatgg caacacctgt 1800
agtatgtgeg aggcattcett tcaacaagaa gccaaagaaa aagagcgggce cgagectcgg 1860
gccaaagtca aaagagaagc tgagaaagag acatgcgacg agttceggeg getgetgeag 1920
aatggaaaac tcttctgtac acgtgaaaat gatcccgtgce ggggaccaga tggaaagacce 1980
catgggaaca aatgcgctat gtgcaaggcece gtgttccaaa aagagaatga ggaacgcaag 2040
cggaaagagg aagaagatca gcggaacgcece getggccacyg gatctagtgg cggaggtggt 2100
ggaaataccce aggacgagtg tgccgaatac cgggaacaga tgaagaatgg aaggctgagce 2160
tgcacacggg aatctgaccc cgttagagat gecgacggca agtcctacaa caaccagtge 2220
accatgtgta aagccaagct cgagcgegag gecgagcgga agaatgagta cagcagaagce 2280
cggtctaacg gcaccggcte tgagtctgge aaggatacct gtgacgagtt cagatcccag 2340
atgaagaacg ggaaactcat ctgcacaaga gaatcagacc cagtccgggyg acctgacggg 2400
aaaactcatg gcaacaagtg cacaatgtgc aaagagaaac tggaacgcga ggctgccgag 2460
aagaaaaaga aagaggacga ggatcggagce aacaccggeg agagatctaa taccggcgag 2520
cggagcaatyg acaaagagga cctctgecgg gaattceceggt ccatgcagag aaacggaaag 2580
ctgatatgta cgcgcgagaa caatcccgtt cggggccectt atgggaagat gcacattaac 2640
aaatgtgcaa tgtgccagag catcttcgac agagaggcca acgaacgcaa aaagaaggat 2700
gaagagaagt ccagcagcaa gcccagcaac aacgccaagg accagtgcag acaggtgcag 2760
aacgaggctg aggacgccaa gtttagacag cccggtagaa gectggecte tgtggcecaga 2820
atgagcaccg atgagtgcag cgaattccgg aactatatcc ggaacaacga gctgatctgt 2880
ccgcgagaga atgaccctgt gcatggcgce gatggaaagt tctacaccaa caagtgttat 2940
atgtgcagag ccgtctttet gacagaggcce ctggaaagag ccaagctgca agagaagcect 3000
tctcacgtge gggcctctca agaagaggac agccctgata gecttcagcag cctggacagce 3060
gagatgtgca aggactacag agtgctgccc cggatcgget atctgtgeccce caaggatcetg 3120
aagcctgtgt gtggcgacga cggccagaca tacaacaatc cctgcatget gtgtcacgag 3180
aacctgatce ggcagaccaa cacacacatc cggtccaceyg gcaagtgcga agagtctage 3240

acacctggaa caaccgccege ctcectatgect cctagcgacg aatga 3285

<210> SEQ ID NO 3

<211> LENGTH: 2751

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 3

atgaagatag ccacagtgtc agtgcttctg cccttggcte tttgcctcat acaagatgcet 60
gccagtaaga atgaagatca ggaaatgtgc catgaatttc aggcatttat gaaaaatgga 120
aaactgttct gtccccagga taagaaattt tttcaaagtc ttgatggaat aatgttcatc 180
aataaatgtg ccacgtgcaa aatgatactg gaaaaagaag caaaatcaca gaagagggcc 240
aggcatttag caagagctcc caaggctact gccccaacag agctgaattyg tgatgatttt 300
aaaaaaggag aaagagatgg ggattttatc tgtcctgatt attatgaagc tgtttgtggce 360
acagatggga aaacatatga caacagatgt gcactgtgtg ctgagaatgc gaaaaccggg 420
tcccaaattg gtgtaaaaag tgaaggggaa tgtaagagca gtaatccaga gcaggatgta 480
tgcagtgett ttecggccctt tgttagagat ggaagacttg gatgcacaag ggaaaatgat 540
cctgttettg gtectgatgg gaagacgcat ggcaataagt gtgcaatgtg tgctgagetg 600
tttttaaaag aagctgaaaa tgccaagcga gagggtgaaa ctagaattcyg acgaaatgct 660
gaaaaggatt tttgcaagga atatgaaaaa caagtgagaa atggaaggct tttttgtaca 720
cgggagagtg atccagtccg tggccctgac ggcaggatge atggcaacaa atgtgccctg 780
tgtgctgaaa ttttcaagca gcgtttttca gaggaaaaca gtaaaacaga tcaaaatttg 840
ggaaaagctg aagaaaaaac taaagttaaa agagaaattg tgaaactctg cagtcaatat 900
caaaatcagg caaagaatgg aatacttttc tgtaccagag aaaatgaccc tattcgtggt 960

ccagatggga aaatgcatgg caacttgtgt tccatgtgtc aagcctactt ccaagcagaa 1020
aatgaagaaa agaaaaaggc tgaagcacga gctagaaaca aaagagaatc tggaaaagca 1080
acctcatatg cagagctttg cagtgaatat cgaaagcttg tgaggaacgg aaaacttgcet 1140
tgcaccagag agaacgatcc tatccaggge ccagatggga aagtgcatgg caacacctge 1200
tccatgtgtg aggtcttett ccaagcagaa gaagaagaaa agaaaaagaa ggaaggtaaa 1260
tcaagaaaca aaagacaatc taagagtaca gcttcctttg aggagttgtg tagtgaatac 1320
cgcaaatcca ggaaaaacgg acggcttttt tgcaccagag agaatgaccce catccagggce 1380
ccagatggaa aaatgcatgg caacacctgc tccatgtgtg aggccttctt tcaacaagaa 1440
gaaagagcaa gagcaaaggc taaaagagaa gctgcaaagg aaatctgcag tgaatttegg 1500
gaccaagtga ggaatggaac acttatatgc accagggagc ataatcctgt ccgtggecca 1560
gatggcaaaa tgcatggaaa caagtgtgcc atgtgtgcca gtgtgttcaa acttgaagaa 1620
gaagagaaga aaaatgataa agaagaaaaa gggaaagtcg aggctgaaaa agttaagaga 1680
gaagcagttc aggagctgtg cagtgaatat cgtcattatg tgaggaatgg acgactcccce 1740
tgtaccagag agaatgatcc tattgagggt ctagatggga aaatccacgg caacacctgc 1800
tccatgtgtyg aagecttett ccagcaagaa gcaaaagaaa aagaaagagce tgaacccaga 1860
gcaaaagtca aaagagaagc tgaaaaggag acatgcgatg aatttcggag acttttgcaa 1920
aatggaaaac ttttctgcac aagagaaaat gatcctgtgce gtggcccaga tggcaagacce 1980
catggcaaca agtgtgccat gtgtaaggca gtcttccaga aagaaaatga ggaaagaaag 2040
aggaaagaag aggaagatca gagaaatgct gcaggacatg gttccagtgg tggtggagga 2100
ggaaacactc aggacgaatg tgctgagtat cgggaacaaa tgaaaaatgg aagactcagce 2160

tgtactcggg agagtgatcc tgtacgtgat gctgatggca aatcgtacaa caatcagtgt 2220
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accatgtgta aagcaaaatt ggaaagagaa gcagagagaa aaaatgagta ttctcgctcce 2280
agatcaaatg ggactggatc agaatcaggg aaggatacat gtgatgagtt tagaagccaa 2340
atgaaaaatg gaaaactcat ctgcactcga gaaagtgacc ctgtccgggg tccagatggce 2400
aagacacatg gcaataagtg tactatgtgt aaggaaaaac tggaaaggga agcagctgaa 2460
aaaaaaaaga aagaggatga agacaggagc aatacaggag aaaggagcaa tacaggagaa 2520
aggagcaatg acaaagagga tctgtgtcgt gaatttcgaa gcatgcagag aaatggaaag 2580
cttatctgca ccagagaaaa taaccctgtt cgaggcccat atggcaagat gcacatcaat 2640
aaatgtgcta tgtgtcagag catctttgat cgagaagcta atgaaagaaa aaagaaagat 2700
gaagagaaat caagtagcaa gccctcaaat aatgcaaagg ttatttatta a 2751
<210> SEQ ID NO 4

<211> LENGTH: 2751

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 4

atgaagatcg ccaccgtgte tgtgetgetg cctetggete tgtgectgat tcaggatgece 60
gccagcaaga acgaggacca agagatgtge cacgagttece aggectttat gaagaacgge 120
aagctgttet gecctcaaga caagaagtte ttecagagec tggacggeat catgttcate 180
aacaagtgcg ccacatgcaa gatgatcctyg gaaaaagagg ccaagagcca gaagcegggece 240
agacaccttyg ctagagcccece taaagccace getcctaceg agetgaactyg cgacgactte 300
aagaaaggcg agcgcgacgg cgacttcate tgecccgatt attacgagge cgtgtgegge 360
accgatggca agacctacga taacagatge geectgtgeg cecgagaatge caagacagga 420
tctcagateg gegtgaagte tgagggcgag tgcaagagea gcaacccega gcaggatgtg 480
tgcagegect tcagaccctt cgtcagagat ggcagactgg getgcaccag agaaaacgat 540
cctgtgetgyg geoctgacgg caagacacac ggaaacaagt gtgetatgtg tgccgagetg 600
ttcctgaaag aggccgaaaa cgccaagaga gagggcgaga cacggatcag aagaaacgcc 660
gagaaggact tctgcaaaga atacgagaag caagtgcgga acggacgect gttetgtacce 720
cgggaaagceg atccagtcag aggecccgat ggaagaatge acggcaacaa atgcgcactg 780
tgtgctgaga tcttcaagca geggttcage gaggaaaaca gcaagaccga ccagaacctg 840
ggcaaagcceg aagaaaagac caaagtgaag cgcgagatcg tgaagetgtg cagecagtac 900
cagaaccagg ccaagaatgg catcctgtte tgcacacgeg agaacgacce catcagagga 960

cccgacggaa agatgcatgg aaacctgtge agecatgtgec aggectactt ccaggcecgag 1020

aacgaagaga agaagaaggc cgaagccagg gccagaaaca agagagaaag cggcaaggec 1080

accagctacyg ccgaactgtg tagcgagtac agaaageteg tgcggaatgg caagetggece 1140

tgcactaggg aaaatgaccc tattcaggga ccagacggca aggtgcacgg gaatacctgt 1200

tccatgtgeg aggtgttett tcaggecgag gaagaggaaa aaaagaagaa agagggcaag 1260

tcceggaaca agceggcagag caagagcace gecagetteg aggaactgtg ctecgagtac 1320

cggaagtcca gaaagaatgg ccggctttte tgcacgagag agaatgatcc catccagggg 1380

cctgatggca aaatgcatgg caatacttgce tctatgtgeg aggcattttt ccagcaagag 1440
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gaacgggcca gagccaaggce caaaagagag gccgccaaag agatctgcag cgagtttagg 1500
gaccaagtcce gcaacggcac cctgatctge accagggaac acaaccctgt cagagggeca 1560
gacgggaaaa tgcacgggaa caagtgtgcc atgtgcgcect ccgtgttcaa gctggaagaa 1620
gaagaaaaga aaaacgacaa agaagagaag ggaaaagtcg aagccgagaa agtgaagagg 1680
gaagccgtge aagaactctg ttetgagtac cggcactacg tccggaacgg cagactgect 1740
tgtactcggg aaaacgaccc aatcgaagga ctggacggga agatccatgg caacacctgt 1800
agtatgtgeg aggcattcett tcaacaagaa gccaaagaaa aagagcgggce cgagectcgg 1860
gccaaagtca aaagagaagc tgagaaagag acatgcgacg agttceggeg getgetgeag 1920
aatggaaaac tcttctgtac acgtgaaaat gatcccgtgce ggggaccaga tggaaagacce 1980
catgggaaca aatgcgctat gtgcaaggcece gtgttccaaa aagagaatga ggaacgcaag 2040
cggaaagagg aagaagatca gcggaacgcece getggccacyg gatctagtgg cggaggtggt 2100
ggaaataccce aggacgagtg tgccgaatac cgggaacaga tgaagaatgg aaggctgagce 2160
tgcacacggg aatctgaccc cgttagagat gecgacggca agtcctacaa caaccagtge 2220
accatgtgta aagccaagct cgagcgegag gecgagcgga agaatgagta cagcagaagce 2280
cggtctaacg gcaccggcte tgagtctgge aaggatacct gtgacgagtt cagatcccag 2340
atgaagaacg ggaaactcat ctgcacaaga gaatcagacc cagtccgggyg acctgacggg 2400
aaaactcatg gcaacaagtg cacaatgtgc aaagagaaac tggaacgcga ggctgccgag 2460
aagaaaaaga aagaggacga ggatcggagce aacaccggeg agagatctaa taccggcgag 2520
cggagcaatyg acaaagagga cctctgecgg gaattceceggt ccatgcagag aaacggaaag 2580
ctgatatgta cgcgcgagaa caatcccgtt cggggccectt atgggaagat gcacattaac 2640
aaatgtgcaa tgtgccagag catcttcgac agagaggcca acgaacgcaa aaagaaggat 2700
gaagagaagt ccagcagcaa gcccagcaac aacgctaaag tgatctactg a 2751
<210> SEQ ID NO 5

<211> LENGTH: 3195

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

atgaagatag ccacagtgtc agtgcttetg ccettggete tttgectcat acaagatget 60
gccagtaaga atgaagatca ggaaatgtge catgaatttce aggcatttat gaaaaatgga 120
aaactgttct gtccccagga taagaaattt tttcaaagtce ttgatggaat aatgttcate 180
aataaatgtyg ccacgtgcaa aatgatactg gaaaaagaag caaaatcaca gaagagggcc 240
aggcatttag caagagctcce caaggctact gecccaacag agetgaattg tgatgatttt 300
aaaaaaggag aaagagatgg ggattttate tgtcctgatt attatgaage tgtttgtgge 360
acagatggga aaacatatga caacagatgt gcactgtgtg ctgagaatgce gaaaaccggg 420
tcccaaattyg gtgtaaaaag tgaaggggaa tgtaagageca gtaatccaga gcaggatgta 480
tgcagtgett tteggecctt tgttagagat ggaagacttg gatgcacaag ggaaaatgat 540
cctgttettyg gtectgatgg gaagacgeat ggcaataagt gtgcaatgtg tgctgagetg 600
tttttaaaag aagctgaaaa tgccaagcga gagggtgaaa ctagaattcg acgaaatgcet 660

gaaaaggatt tttgcaagga atatgaaaaa caagtgagaa atggaaggct tttttgtaca 720
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cgggagagtg atccagtccg tggccctgac ggcaggatge atggcaacaa atgtgccctg 780
tgtgctgaaa ttttcaagca gcgtttttca gaggaaaaca gtaaaacaga tcaaaatttg 840
ggaaaagctg aagaaaaaac taaagttaaa agagaaattg tgaaactctg cagtcaatat 900
caaaatcagg caaagaatgg aatacttttc tgtaccagag aaaatgaccc tattcgtggt 960

ccagatggga aaatgcatgg caacttgtgt tccatgtgtc aagcctactt ccaagcagaa 1020
aatgaagaaa agaaaaaggc tgaagcacga gctagaaaca aaagagaatc tggaaaagca 1080
acctcatatg cagagctttg cagtgaatat cgaaagcttg tgaggaacgg aaaacttgcet 1140
tgcaccagag agaacgatcc tatccaggge ccagatggga aagtgcatgg caacacctge 1200
tccatgtgtg aggtcttett ccaagcagaa gaagaagaaa agaaaaagaa ggaaggtaaa 1260
tcaagaaaca aaagacaatc taagagtaca gcttcctttg aggagttgtg tagtgaatac 1320
cgcaaatcca ggaaaaacgg acggcttttt tgcaccagag agaatgaccce catccagggce 1380
ccagatggaa aaatgcatgg caacacctgc tccatgtgtg aggccttctt tcaacaagaa 1440
gaaagagcaa gagcaaaggc taaaagagaa gctgcaaagg aaatctgcag tgaatttegg 1500
gaccaagtga ggaatggaac acttatatgc accagggagc ataatcctgt ccgtggecca 1560
gatggcaaaa tgcatggaaa caagtgtgcc atgtgtgcca gtgtgttcaa acttgaagaa 1620
gaagagaaga aaaatgataa agaagaaaaa gggaaagtcg aggctgaaaa agttaagaga 1680
gaagcagttc aggagctgtg cagtgaatat cgtcattatg tgaggaatgg acgactcccce 1740
tgtaccagag agaatgatcc tattgagggt ctagatggga aaatccacgg caacacctgc 1800
tccatgtgtyg aagecttett ccagcaagaa gcaaaagaaa aagaaagagce tgaacccaga 1860
gcaaaagtca aaagagaagc tgaaaaggag acatgcgatg aatttcggag acttttgcaa 1920
aatggaaaac ttttctgcac aagagaaaat gatcctgtgce gtggcccaga tggcaagacce 1980
catggcaaca agtgtgccat gtgtaaggca gtcttccaga aagaaaatga ggaaagaaag 2040
aggaaagaag aggaagatca gagaaatgct gcaggacatg gttccagtgg tggtggagga 2100
ggaaacactc aggacgaatg tgctgagtat cgggaacaaa tgaaaaatgg aagactcagce 2160
tgtactcggg agagtgatcc tgtacgtgat gctgatggca aatcgtacaa caatcagtgt 2220
accatgtgta aagcaaaatt ggaaagagaa gcagagagaa aaaatgagta ttctcgctcce 2280
agatcaaatg ggactggatc agaatcaggg aaggatacat gtgatgagtt tagaagccaa 2340
atgaaaaatg gaaaactcat ctgcactcga gaaagtgacc ctgtccgggg tccagatggce 2400
aagacacatg gcaataagtg tactatgtgt aaggaaaaac tggaaaggga agcagctgaa 2460
aaaaaaaaga aagaggatga agacaggagc aatacaggag aaaggagcaa tacaggagaa 2520
aggagcaatg acaaagagga tctgtgtcgt gaatttcgaa gcatgcagag aaatggaaag 2580
cttatctgca ccagagaaaa taaccctgtt cgaggcccat atggcaagat gcacatcaat 2640
aaatgtgcta tgtgtcagag catctttgat cgagaagcta atgaaagaaa aaagaaagat 2700
gaagagaaat caagtagcaa gccctcaaat aatgcaaagg atgagtgcag tgaatttcga 2760
aactatataa ggaacaatga actcatctgc cctagagaga atgacccagt gcacggtgcet 2820
gatggaaagt tctatacaaa caagtgctac atgtgcagag ctgtctttct aacagaagct 2880
ttggaaaggg caaagcttca agaaaagcca tcccatgtta gagcttctca agaggaagac 2940

agcccagact ctttcagtte tetggattct gagatgtgca aagactaccg agtattgecce 3000
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aggataggtt atctttgtcc aaaggattta aagcctgtcect gtggtgacga tggccaaacc 3060
tacaacaatc cttgcatgct ctgtcatgaa aacctgatac gccaaacaaa tacacacatc 3120
cgcagtacag ggaagtgtga ggagagcagce accccaggaa ccaccgcage cagcatgcce 3180
ccgtctgacg aatga 3195
<210> SEQ ID NO 6

<211> LENGTH: 3195

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 6

atgaagatcg ccaccgtgte tgtgetgetg cctetggete tgtgectgat tcaggatgece 60
gccagcaaga acgaggacca agagatgtge cacgagttece aggectttat gaagaacgge 120
aagctgttet gecctcaaga caagaagtte ttecagagec tggacggeat catgttcate 180
aacaagtgcg ccacatgcaa gatgatcctyg gaaaaagagg ccaagagcca gaagcegggece 240
agacaccttyg ctagagcccece taaagccace getcctaceg agetgaactyg cgacgactte 300
aagaaaggcg agcgcgacgg cgacttcate tgecccgatt attacgagge cgtgtgegge 360
accgatggca agacctacga taacagatge geectgtgeg cecgagaatge caagacagga 420
tctcagateg gegtgaagte tgagggcgag tgcaagagea gcaacccega gcaggatgtg 480
tgcagegect tcagaccctt cgtcagagat ggcagactgg getgcaccag agaaaacgat 540
cctgtgetgyg geoctgacgg caagacacac ggaaacaagt gtgetatgtg tgccgagetg 600
ttcctgaaag aggccgaaaa cgccaagaga gagggcgaga cacggatcag aagaaacgcc 660
gagaaggact tctgcaaaga atacgagaag caagtgcgga acggacgect gttetgtacce 720
cgggaaagceg atccagtcag aggecccgat ggaagaatge acggcaacaa atgcgcactg 780
tgtgctgaga tcttcaagca geggttcage gaggaaaaca gcaagaccga ccagaacctg 840
ggcaaagcceg aagaaaagac caaagtgaag cgcgagatcg tgaagetgtg cagecagtac 900
cagaaccagg ccaagaatgg catcctgtte tgcacacgeg agaacgacce catcagagga 960

ccegacggaa agatgcatgg aaacctgtge agecatgtgec aggcectactt ccaggecgag 1020
aacgaagaga agaagaaggc cgaagccagg gccagaaaca agagagaaag cggcaaggcce 1080
accagctacg ccgaactgtg tagcgagtac agaaagcteg tgcggaatgg caagcetggece 1140
tgcactaggg aaaatgaccc tattcaggga ccagacggca aggtgcacgg gaatacctgt 1200
tccatgtgeg aggtgttett tcaggecgag gaagaggaaa aaaagaagaa agagggcaag 1260
tceccggaaca agceggcagag caagagcacce gecagcetteg aggaactgtyg ctcecgagtac 1320
cggaagtcca gaaagaatgg ccggctttte tgcacgagag agaatgatcc catccagggg 1380
cctgatggca aaatgcatgg caatacttgce tctatgtgeg aggcattttt ccagcaagag 1440
gaacgggcca gagccaaggce caaaagagag gccgccaaag agatctgcag cgagtttagg 1500
gaccaagtcce gcaacggcac cctgatctge accagggaac acaaccctgt cagagggeca 1560
gacgggaaaa tgcacgggaa caagtgtgcc atgtgcgcect ccgtgttcaa gctggaagaa 1620
gaagaaaaga aaaacgacaa agaagagaag ggaaaagtcg aagccgagaa agtgaagagg 1680

gaagccgtge aagaactctg ttetgagtac cggcactacg tccggaacgg cagactgect 1740
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tgtactcggg aaaacgaccc aatcgaagga ctggacggga agatccatgg caacacctgt 1800
agtatgtgeg aggcattcett tcaacaagaa gccaaagaaa aagagcgggce cgagectcgg 1860
gccaaagtca aaagagaagc tgagaaagag acatgcgacg agttceggeg getgetgeag 1920
aatggaaaac tcttctgtac acgtgaaaat gatcccgtgce ggggaccaga tggaaagacce 1980
catgggaaca aatgcgctat gtgcaaggcece gtgttccaaa aagagaatga ggaacgcaag 2040
cggaaagagg aagaagatca gcggaacgcece getggccacyg gatctagtgg cggaggtggt 2100
ggaaataccce aggacgagtg tgccgaatac cgggaacaga tgaagaatgg aaggctgagce 2160
tgcacacggg aatctgaccc cgttagagat gecgacggca agtcctacaa caaccagtge 2220
accatgtgta aagccaagct cgagcgegag gecgagcgga agaatgagta cagcagaagce 2280
cggtctaacg gcaccggcte tgagtctgge aaggatacct gtgacgagtt cagatcccag 2340
atgaagaacg ggaaactcat ctgcacaaga gaatcagacc cagtccgggyg acctgacggg 2400
aaaactcatg gcaacaagtg cacaatgtgc aaagagaaac tggaacgcga ggctgccgag 2460
aagaaaaaga aagaggacga ggatcggagce aacaccggeg agagatctaa taccggcgag 2520
cggagcaatyg acaaagagga cctctgecgg gaattceceggt ccatgcagag aaacggaaag 2580
ctgatatgta cgcgcgagaa caatcccgtt cggggccectt atgggaagat gcacattaac 2640
aaatgtgcaa tgtgccagag catcttcgac agagaggcca acgaacgcaa aaagaaggat 2700
gaagagaagt ccagcagcaa gcccagcaac aacgccaagg acgaatgcag cgaattcegg 2760
aactatatcc ggaacaacga gctgatctgt ccgcgagaga atgaccctgt gcatggcgcece 2820
gatggaaagt tctacaccaa caagtgttat atgtgcagag ccgtctttct gacagaggcce 2880
ctggaaagag ccaagctgca agagaagect tcetcacgtge gggectctca agaagaggac 2940
agccctgata gettcagcag cctggacage gagatgtgca aggactacag agtgctgecce 3000
cggatcgget atctgtgccce caaggatctg aagectgtgt gtggcgacga cggccagaca 3060
tacaacaatc cctgcatgct gtgtcacgag aacctgatcc ggcagaccaa cacacacatc 3120
cggtecacceg gcaagtgcga agagtctage acacctggaa caaccgccge ctctatgect 3180
cctagcgacg aatga 3195
<210> SEQ ID NO 7

<211> LENGTH: 1094

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Met Lys Ile Ala Thr Val Ser Val Leu Leu Pro Leu Ala Leu Cys Leu
1 5 10 15

Ile Gln Asp Ala Ala Ser Lys Asn Glu Asp Gln Glu Met Cys His Glu
20 25 30

Phe Gln Ala Phe Met Lys Asn Gly Lys Leu Phe Cys Pro Gln Asp Lys
35 40 45

Lys Phe Phe Gln Ser Leu Asp Gly Ile Met Phe Ile Asn Lys Cys Ala
50 55 60

Thr Cys Lys Met Ile Leu Glu Lys Glu Ala Lys Ser Gln Lys Arg Ala
65 70 75 80

Arg His Leu Ala Arg Ala Pro Lys Ala Thr Ala Pro Thr Glu Leu Asn
85 90 95



US 2020/0093874 Al Mar. 26, 2020
40

-continued

Cys Asp Asp Phe Lys Lys Gly Glu Arg Asp Gly Asp Phe Ile Cys Pro
100 105 110

Asp Tyr Tyr Glu Ala Val Cys Gly Thr Asp Gly Lys Thr Tyr Asp Asn
115 120 125

Arg Cys Ala Leu Cys Ala Glu Asn Ala Lys Thr Gly Ser Gln Ile Gly
130 135 140

Val Lys Ser Glu Gly Glu Cys Lys Ser Ser Asn Pro Glu Gln Asp Val
145 150 155 160

Cys Ser Ala Phe Arg Pro Phe Val Arg Asp Gly Arg Leu Gly Cys Thr
165 170 175

Arg Glu Asn Asp Pro Val Leu Gly Pro Asp Gly Lys Thr His Gly Asn
180 185 190

Lys Cys Ala Met Cys Ala Glu Leu Phe Leu Lys Glu Ala Glu Asn Ala
195 200 205

Lys Arg Glu Gly Glu Thr Arg Ile Arg Arg Asn Ala Glu Lys Asp Phe
210 215 220

Cys Lys Glu Tyr Glu Lys Gln Val Arg Asn Gly Arg Leu Phe Cys Thr
225 230 235 240

Arg Glu Ser Asp Pro Val Arg Gly Pro Asp Gly Arg Met His Gly Asn
245 250 255

Lys Cys Ala Leu Cys Ala Glu Ile Phe Lys Gln Arg Phe Ser Glu Glu
260 265 270

Asn Ser Lys Thr Asp Gln Asn Leu Gly Lys Ala Glu Glu Lys Thr Lys
275 280 285

Val Lys Arg Glu Ile Val Lys Leu Cys Ser Gln Tyr Gln Asn Gln Ala
290 295 300

Lys Asn Gly Ile Leu Phe Cys Thr Arg Glu Asn Asp Pro Ile Arg Gly
305 310 315 320

Pro Asp Gly Lys Met His Gly Asn Leu Cys Ser Met Cys Gln Ala Tyr
325 330 335

Phe Gln Ala Glu Asn Glu Glu Lys Lys Lys Ala Glu Ala Arg Ala Arg
340 345 350

Asn Lys Arg Glu Ser Gly Lys Ala Thr Ser Tyr Ala Glu Leu Cys Ser
355 360 365

Glu Tyr Arg Lys Leu Val Arg Asn Gly Lys Leu Ala Cys Thr Arg Glu
370 375 380

Asn Asp Pro Ile Gln Gly Pro Asp Gly Lys Val His Gly Asn Thr Cys
385 390 395 400

Ser Met Cys Glu Val Phe Phe Gln Ala Glu Glu Glu Glu Lys Lys Lys
405 410 415

Lys Glu Gly Lys Ser Arg Asn Lys Arg Gln Ser Lys Ser Thr Ala Ser
420 425 430

Phe Glu Glu Leu Cys Ser Glu Tyr Arg Lys Ser Arg Lys Asn Gly Arg
435 440 445

Leu Phe Cys Thr Arg Glu Asn Asp Pro Ile Gln Gly Pro Asp Gly Lys
450 455 460

Met His Gly Asn Thr Cys Ser Met Cys Glu Ala Phe Phe Gln Gln Glu
465 470 475 480

Glu Arg Ala Arg Ala Lys Ala Lys Arg Glu Ala Ala Lys Glu Ile Cys
485 490 495



US 2020/0093874 Al Mar. 26, 2020
41

-continued

Ser Glu Phe Arg Asp Gln Val Arg Asn Gly Thr Leu Ile Cys Thr Arg
500 505 510

Glu His Asn Pro Val Arg Gly Pro Asp Gly Lys Met His Gly Asn Lys
515 520 525

Cys Ala Met Cys Ala Ser Val Phe Lys Leu Glu Glu Glu Glu Lys Lys
530 535 540

Asn Asp Lys Glu Glu Lys Gly Lys Val Glu Ala Glu Lys Val Lys Arg
545 550 555 560

Glu Ala Val Gln Glu Leu Cys Ser Glu Tyr Arg His Tyr Val Arg Asn
565 570 575

Gly Arg Leu Pro Cys Thr Arg Glu Asn Asp Pro Ile Glu Gly Leu Asp
580 585 590

Gly Lys Ile His Gly Asn Thr Cys Ser Met Cys Glu Ala Phe Phe Gln
595 600 605

Gln Glu Ala Lys Glu Lys Glu Arg Ala Glu Pro Arg Ala Lys Val Lys
610 615 620

Arg Glu Ala Glu Lys Glu Thr Cys Asp Glu Phe Arg Arg Leu Leu Gln
625 630 635 640

Asn Gly Lys Leu Phe Cys Thr Arg Glu Asn Asp Pro Val Arg Gly Pro
645 650 655

Asp Gly Lys Thr His Gly Asn Lys Cys Ala Met Cys Lys Ala Val Phe
660 665 670

Gln Lys Glu Asn Glu Glu Arg Lys Arg Lys Glu Glu Glu Asp Gln Arg
675 680 685

Asn Ala Ala Gly His Gly Ser Ser Gly Gly Gly Gly Gly Asn Thr Gln
690 695 700

Asp Glu Cys Ala Glu Tyr Arg Glu Gln Met Lys Asn Gly Arg Leu Ser
705 710 715 720

Cys Thr Arg Glu Ser Asp Pro Val Arg Asp Ala Asp Gly Lys Ser Tyr
725 730 735

Asn Asn Gln Cys Thr Met Cys Lys Ala Lys Leu Glu Arg Glu Ala Glu
740 745 750

Arg Lys Asn Glu Tyr Ser Arg Ser Arg Ser Asn Gly Thr Gly Ser Glu
755 760 765

Ser Gly Lys Asp Thr Cys Asp Glu Phe Arg Ser Gln Met Lys Asn Gly
770 775 780

Lys Leu Ile Cys Thr Arg Glu Ser Asp Pro Val Arg Gly Pro Asp Gly
785 790 795 800

Lys Thr His Gly Asn Lys Cys Thr Met Cys Lys Glu Lys Leu Glu Arg
805 810 815

Glu Ala Ala Glu Lys Lys Lys Lys Glu Asp Glu Asp Arg Ser Asn Thr
820 825 830

Gly Glu Arg Ser Asn Thr Gly Glu Arg Ser Asn Asp Lys Glu Asp Leu
835 840 845

Cys Arg Glu Phe Arg Ser Met Gln Arg Asn Gly Lys Leu Ile Cys Thr
850 855 860

Arg Glu Asn Asn Pro Val Arg Gly Pro Tyr Gly Lys Met His Ile Asn
865 870 875 880

Lys Cys Ala Met Cys Gln Ser Ile Phe Asp Arg Glu Ala Asn Glu Arg
885 890 895

Lys Lys Lys Asp Glu Glu Lys Ser Ser Ser Lys Pro Ser Asn Asn Ala
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900 905 910

Lys Asp Gln Cys Arg Gln Val Gln Asn Glu Ala Glu Asp Ala Lys Phe
915 920 925

Arg Gln Pro Gly Arg Ser Leu Ala Ser Val Ala Arg Met Ser Thr Asp
930 935 940

Glu Cys Ser Glu Phe Arg Asn Tyr Ile Arg Asn Asn Glu Leu Ile Cys
945 950 955 960

Pro Arg Glu Asn Asp Pro Val His Gly Ala Asp Gly Lys Phe Tyr Thr
965 970 975

Asn Lys Cys Tyr Met Cys Arg Ala Val Phe Leu Thr Glu Ala Leu Glu
980 985 990

Arg Ala Lys Leu Gln Glu Lys Pro Ser His Val Arg Ala Ser Gln Glu
995 1000 1005

Glu Asp Ser Pro Asp Ser Phe Ser Ser Leu Asp Ser Glu Met Cys Lys
1010 1015 1020

Asp Tyr Arg Val Leu Pro Arg Ile Gly Tyr Leu Cys Pro Lys Asp Leu
1025 1030 1035 1040

Lys Pro Val Cys Gly Asp Asp Gly Gln Thr Tyr Asn Asn Pro Cys Met
1045 1050 1055

Leu Cys His Glu Asn Leu Ile Arg Gln Thr Asn Thr His Ile Arg Ser
1060 1065 1070

Thr Gly Lys Cys Glu Glu Ser Ser Thr Pro Gly Thr Thr Ala Ala Ser
1075 1080 1085

Met Pro Pro Ser Asp Glu
1090

<210> SEQ ID NO 8

<211> LENGTH: 916

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Met Lys Ile Ala Thr Val Ser Val Leu Leu Pro Leu Ala Leu Cys Leu
1 5 10 15

Ile Gln Asp Ala Ala Ser Lys Asn Glu Asp Gln Glu Met Cys His Glu
20 25 30

Phe Gln Ala Phe Met Lys Asn Gly Lys Leu Phe Cys Pro Gln Asp Lys
35 40 45

Lys Phe Phe Gln Ser Leu Asp Gly Ile Met Phe Ile Asn Lys Cys Ala
50 55 60

Thr Cys Lys Met Ile Leu Glu Lys Glu Ala Lys Ser Gln Lys Arg Ala
65 70 75 80

Arg His Leu Ala Arg Ala Pro Lys Ala Thr Ala Pro Thr Glu Leu Asn
85 90 95

Cys Asp Asp Phe Lys Lys Gly Glu Arg Asp Gly Asp Phe Ile Cys Pro
100 105 110

Asp Tyr Tyr Glu Ala Val Cys Gly Thr Asp Gly Lys Thr Tyr Asp Asn
115 120 125

Arg Cys Ala Leu Cys Ala Glu Asn Ala Lys Thr Gly Ser Gln Ile Gly
130 135 140

Val Lys Ser Glu Gly Glu Cys Lys Ser Ser Asn Pro Glu Gln Asp Val
145 150 155 160
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Cys Ser Ala Phe Arg Pro Phe Val Arg Asp Gly Arg Leu Gly Cys Thr
165 170 175

Arg Glu Asn Asp Pro Val Leu Gly Pro Asp Gly Lys Thr His Gly Asn
180 185 190

Lys Cys Ala Met Cys Ala Glu Leu Phe Leu Lys Glu Ala Glu Asn Ala
195 200 205

Lys Arg Glu Gly Glu Thr Arg Ile Arg Arg Asn Ala Glu Lys Asp Phe
210 215 220

Cys Lys Glu Tyr Glu Lys Gln Val Arg Asn Gly Arg Leu Phe Cys Thr
225 230 235 240

Arg Glu Ser Asp Pro Val Arg Gly Pro Asp Gly Arg Met His Gly Asn
245 250 255

Lys Cys Ala Leu Cys Ala Glu Ile Phe Lys Gln Arg Phe Ser Glu Glu
260 265 270

Asn Ser Lys Thr Asp Gln Asn Leu Gly Lys Ala Glu Glu Lys Thr Lys
275 280 285

Val Lys Arg Glu Ile Val Lys Leu Cys Ser Gln Tyr Gln Asn Gln Ala
290 295 300

Lys Asn Gly Ile Leu Phe Cys Thr Arg Glu Asn Asp Pro Ile Arg Gly
305 310 315 320

Pro Asp Gly Lys Met His Gly Asn Leu Cys Ser Met Cys Gln Ala Tyr
325 330 335

Phe Gln Ala Glu Asn Glu Glu Lys Lys Lys Ala Glu Ala Arg Ala Arg
340 345 350

Asn Lys Arg Glu Ser Gly Lys Ala Thr Ser Tyr Ala Glu Leu Cys Ser
355 360 365

Glu Tyr Arg Lys Leu Val Arg Asn Gly Lys Leu Ala Cys Thr Arg Glu
370 375 380

Asn Asp Pro Ile Gln Gly Pro Asp Gly Lys Val His Gly Asn Thr Cys
385 390 395 400

Ser Met Cys Glu Val Phe Phe Gln Ala Glu Glu Glu Glu Lys Lys Lys
405 410 415

Lys Glu Gly Lys Ser Arg Asn Lys Arg Gln Ser Lys Ser Thr Ala Ser
420 425 430

Phe Glu Glu Leu Cys Ser Glu Tyr Arg Lys Ser Arg Lys Asn Gly Arg
435 440 445

Leu Phe Cys Thr Arg Glu Asn Asp Pro Ile Gln Gly Pro Asp Gly Lys
450 455 460

Met His Gly Asn Thr Cys Ser Met Cys Glu Ala Phe Phe Gln Gln Glu
465 470 475 480

Glu Arg Ala Arg Ala Lys Ala Lys Arg Glu Ala Ala Lys Glu Ile Cys
485 490 495

Ser Glu Phe Arg Asp Gln Val Arg Asn Gly Thr Leu Ile Cys Thr Arg
500 505 510

Glu His Asn Pro Val Arg Gly Pro Asp Gly Lys Met His Gly Asn Lys
515 520 525

Cys Ala Met Cys Ala Ser Val Phe Lys Leu Glu Glu Glu Glu Lys Lys
530 535 540

Asn Asp Lys Glu Glu Lys Gly Lys Val Glu Ala Glu Lys Val Lys Arg
545 550 555 560

Glu Ala Val Gln Glu Leu Cys Ser Glu Tyr Arg His Tyr Val Arg Asn
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565 570 575

Gly Arg Leu Pro Cys Thr Arg Glu Asn Asp Pro Ile Glu Gly Leu Asp
580 585 590

Gly Lys Ile His Gly Asn Thr Cys Ser Met Cys Glu Ala Phe Phe Gln
595 600 605

Gln Glu Ala Lys Glu Lys Glu Arg Ala Glu Pro Arg Ala Lys Val Lys
610 615 620

Arg Glu Ala Glu Lys Glu Thr Cys Asp Glu Phe Arg Arg Leu Leu Gln
625 630 635 640

Asn Gly Lys Leu Phe Cys Thr Arg Glu Asn Asp Pro Val Arg Gly Pro
645 650 655

Asp Gly Lys Thr His Gly Asn Lys Cys Ala Met Cys Lys Ala Val Phe
660 665 670

Gln Lys Glu Asn Glu Glu Arg Lys Arg Lys Glu Glu Glu Asp Gln Arg
675 680 685

Asn Ala Ala Gly His Gly Ser Ser Gly Gly Gly Gly Gly Asn Thr Gln
690 695 700

Asp Glu Cys Ala Glu Tyr Arg Glu Gln Met Lys Asn Gly Arg Leu Ser
705 710 715 720

Cys Thr Arg Glu Ser Asp Pro Val Arg Asp Ala Asp Gly Lys Ser Tyr
725 730 735

Asn Asn Gln Cys Thr Met Cys Lys Ala Lys Leu Glu Arg Glu Ala Glu
740 745 750

Arg Lys Asn Glu Tyr Ser Arg Ser Arg Ser Asn Gly Thr Gly Ser Glu
755 760 765

Ser Gly Lys Asp Thr Cys Asp Glu Phe Arg Ser Gln Met Lys Asn Gly
770 775 780

Lys Leu Ile Cys Thr Arg Glu Ser Asp Pro Val Arg Gly Pro Asp Gly
785 790 795 800

Lys Thr His Gly Asn Lys Cys Thr Met Cys Lys Glu Lys Leu Glu Arg
805 810 815

Glu Ala Ala Glu Lys Lys Lys Lys Glu Asp Glu Asp Arg Ser Asn Thr
820 825 830

Gly Glu Arg Ser Asn Thr Gly Glu Arg Ser Asn Asp Lys Glu Asp Leu
835 840 845

Cys Arg Glu Phe Arg Ser Met Gln Arg Asn Gly Lys Leu Ile Cys Thr
850 855 860

Arg Glu Asn Asn Pro Val Arg Gly Pro Tyr Gly Lys Met His Ile Asn
865 870 875 880

Lys Cys Ala Met Cys Gln Ser Ile Phe Asp Arg Glu Ala Asn Glu Arg
885 890 895

Lys Lys Lys Asp Glu Glu Lys Ser Ser Ser Lys Pro Ser Asn Asn Ala
900 905 910

Lys Val Ile Tyr
915

<210> SEQ ID NO 9

<211> LENGTH: 1064

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9
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Met Lys Ile Ala Thr Val Ser Val Leu Leu Pro Leu Ala Leu Cys Leu
1 5 10 15

Ile Gln Asp Ala Ala Ser Lys Asn Glu Asp Gln Glu Met Cys His Glu
20 25 30

Phe Gln Ala Phe Met Lys Asn Gly Lys Leu Phe Cys Pro Gln Asp Lys
35 40 45

Lys Phe Phe Gln Ser Leu Asp Gly Ile Met Phe Ile Asn Lys Cys Ala
50 55 60

Thr Cys Lys Met Ile Leu Glu Lys Glu Ala Lys Ser Gln Lys Arg Ala
65 70 75 80

Arg His Leu Ala Arg Ala Pro Lys Ala Thr Ala Pro Thr Glu Leu Asn
85 90 95

Cys Asp Asp Phe Lys Lys Gly Glu Arg Asp Gly Asp Phe Ile Cys Pro
100 105 110

Asp Tyr Tyr Glu Ala Val Cys Gly Thr Asp Gly Lys Thr Tyr Asp Asn
115 120 125

Arg Cys Ala Leu Cys Ala Glu Asn Ala Lys Thr Gly Ser Gln Ile Gly
130 135 140

Val Lys Ser Glu Gly Glu Cys Lys Ser Ser Asn Pro Glu Gln Asp Val
145 150 155 160

Cys Ser Ala Phe Arg Pro Phe Val Arg Asp Gly Arg Leu Gly Cys Thr
165 170 175

Arg Glu Asn Asp Pro Val Leu Gly Pro Asp Gly Lys Thr His Gly Asn
180 185 190

Lys Cys Ala Met Cys Ala Glu Leu Phe Leu Lys Glu Ala Glu Asn Ala
195 200 205

Lys Arg Glu Gly Glu Thr Arg Ile Arg Arg Asn Ala Glu Lys Asp Phe
210 215 220

Cys Lys Glu Tyr Glu Lys Gln Val Arg Asn Gly Arg Leu Phe Cys Thr
225 230 235 240

Arg Glu Ser Asp Pro Val Arg Gly Pro Asp Gly Arg Met His Gly Asn
245 250 255

Lys Cys Ala Leu Cys Ala Glu Ile Phe Lys Gln Arg Phe Ser Glu Glu
260 265 270

Asn Ser Lys Thr Asp Gln Asn Leu Gly Lys Ala Glu Glu Lys Thr Lys
275 280 285

Val Lys Arg Glu Ile Val Lys Leu Cys Ser Gln Tyr Gln Asn Gln Ala
290 295 300

Lys Asn Gly Ile Leu Phe Cys Thr Arg Glu Asn Asp Pro Ile Arg Gly
305 310 315 320

Pro Asp Gly Lys Met His Gly Asn Leu Cys Ser Met Cys Gln Ala Tyr
325 330 335

Phe Gln Ala Glu Asn Glu Glu Lys Lys Lys Ala Glu Ala Arg Ala Arg
340 345 350

Asn Lys Arg Glu Ser Gly Lys Ala Thr Ser Tyr Ala Glu Leu Cys Ser
355 360 365

Glu Tyr Arg Lys Leu Val Arg Asn Gly Lys Leu Ala Cys Thr Arg Glu
370 375 380

Asn Asp Pro Ile Gln Gly Pro Asp Gly Lys Val His Gly Asn Thr Cys
385 390 395 400

Ser Met Cys Glu Val Phe Phe Gln Ala Glu Glu Glu Glu Lys Lys Lys
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405 410 415

Lys Glu Gly Lys Ser Arg Asn Lys Arg Gln Ser Lys Ser Thr Ala Ser
420 425 430

Phe Glu Glu Leu Cys Ser Glu Tyr Arg Lys Ser Arg Lys Asn Gly Arg
435 440 445

Leu Phe Cys Thr Arg Glu Asn Asp Pro Ile Gln Gly Pro Asp Gly Lys
450 455 460

Met His Gly Asn Thr Cys Ser Met Cys Glu Ala Phe Phe Gln Gln Glu
465 470 475 480

Glu Arg Ala Arg Ala Lys Ala Lys Arg Glu Ala Ala Lys Glu Ile Cys
485 490 495

Ser Glu Phe Arg Asp Gln Val Arg Asn Gly Thr Leu Ile Cys Thr Arg
500 505 510

Glu His Asn Pro Val Arg Gly Pro Asp Gly Lys Met His Gly Asn Lys
515 520 525

Cys Ala Met Cys Ala Ser Val Phe Lys Leu Glu Glu Glu Glu Lys Lys
530 535 540

Asn Asp Lys Glu Glu Lys Gly Lys Val Glu Ala Glu Lys Val Lys Arg
545 550 555 560

Glu Ala Val Gln Glu Leu Cys Ser Glu Tyr Arg His Tyr Val Arg Asn
565 570 575

Gly Arg Leu Pro Cys Thr Arg Glu Asn Asp Pro Ile Glu Gly Leu Asp
580 585 590

Gly Lys Ile His Gly Asn Thr Cys Ser Met Cys Glu Ala Phe Phe Gln
595 600 605

Gln Glu Ala Lys Glu Lys Glu Arg Ala Glu Pro Arg Ala Lys Val Lys
610 615 620

Arg Glu Ala Glu Lys Glu Thr Cys Asp Glu Phe Arg Arg Leu Leu Gln
625 630 635 640

Asn Gly Lys Leu Phe Cys Thr Arg Glu Asn Asp Pro Val Arg Gly Pro
645 650 655

Asp Gly Lys Thr His Gly Asn Lys Cys Ala Met Cys Lys Ala Val Phe
660 665 670

Gln Lys Glu Asn Glu Glu Arg Lys Arg Lys Glu Glu Glu Asp Gln Arg
675 680 685

Asn Ala Ala Gly His Gly Ser Ser Gly Gly Gly Gly Gly Asn Thr Gln
690 695 700

Asp Glu Cys Ala Glu Tyr Arg Glu Gln Met Lys Asn Gly Arg Leu Ser
705 710 715 720

Cys Thr Arg Glu Ser Asp Pro Val Arg Asp Ala Asp Gly Lys Ser Tyr
725 730 735

Asn Asn Gln Cys Thr Met Cys Lys Ala Lys Leu Glu Arg Glu Ala Glu
740 745 750

Arg Lys Asn Glu Tyr Ser Arg Ser Arg Ser Asn Gly Thr Gly Ser Glu
755 760 765

Ser Gly Lys Asp Thr Cys Asp Glu Phe Arg Ser Gln Met Lys Asn Gly
770 775 780

Lys Leu Ile Cys Thr Arg Glu Ser Asp Pro Val Arg Gly Pro Asp Gly
785 790 795 800

Lys Thr His Gly Asn Lys Cys Thr Met Cys Lys Glu Lys Leu Glu Arg
805 810 815
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Glu Ala Ala Glu Lys Lys Lys Lys Glu Asp Glu Asp Arg Ser Asn Thr
820 825 830

Gly Glu Arg Ser Asn Thr Gly Glu Arg Ser Asn Asp Lys Glu Asp Leu
835 840 845

Cys Arg Glu Phe Arg Ser Met Gln Arg Asn Gly Lys Leu Ile Cys Thr
850 855 860

Arg Glu Asn Asn Pro Val Arg Gly Pro Tyr Gly Lys Met His Ile Asn
865 870 875 880

Lys Cys Ala Met Cys Gln Ser Ile Phe Asp Arg Glu Ala Asn Glu Arg
885 890 895

Lys Lys Lys Asp Glu Glu Lys Ser Ser Ser Lys Pro Ser Asn Asn Ala
900 905 910

Lys Asp Glu Cys Ser Glu Phe Arg Asn Tyr Ile Arg Asn Asn Glu Leu
915 920 925

Ile Cys Pro Arg Glu Asn Asp Pro Val His Gly Ala Asp Gly Lys Phe
930 935 940

Tyr Thr Asn Lys Cys Tyr Met Cys Arg Ala Val Phe Leu Thr Glu Ala
945 950 955 960

Leu Glu Arg Ala Lys Leu Gln Glu Lys Pro Ser His Val Arg Ala Ser
965 970 975

Gln Glu Glu Asp Ser Pro Asp Ser Phe Ser Ser Leu Asp Ser Glu Met
980 985 990

Cys Lys Asp Tyr Arg Val Leu Pro Arg Ile Gly Tyr Leu Cys Pro Lys
995 1000 1005

Asp Leu Lys Pro Val Cys Gly Asp Asp Gly Gln Thr Tyr Asn Asn Pro
1010 1015 1020

Cys Met Leu Cys His Glu Asn Leu Ile Arg Gln Thr Asn Thr His Ile
1025 1030 1035 1040

Arg Ser Thr Gly Lys Cys Glu Glu Ser Ser Thr Pro Gly Thr Thr Ala
1045 1050 1055

Ala Ser Met Pro Pro Ser Asp Glu
1060

<210> SEQ ID NO 10

<211> LENGTH: 39

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 10

Glu Met Cys His Glu Phe Gln Ala Phe Met Lys Asn Gly Lys Leu Phe
5 10 15

Cys Pro Gln Asp Lys Lys Phe Phe Gln Ser Leu Asp Gly Ile Met Phe
20 25 30

Ile Asn Lys Cys Ala Thr Cys
35

<210> SEQ ID NO 11

<211> LENGTH: 63

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct
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<400> SEQUENCE: 11

Ala Pro Thr Glu Leu Asn Cys Asp Asp Phe Lys Lys Gly Glu Arg Asp
5 10 15

Gly Asp Phe Ile Cys Pro Asp Tyr Tyr Glu Ala Val Cys Gly Thr Asp
20 25 30

Gly Lys Thr Tyr Asp Asn Arg Cys Ala Leu Cys Ala Glu Asn Ala Lys
35 40 45

Thr Gly Ser Gln Ile Gly Val Lys Ser Glu Gly Glu Cys Lys Ser
50 55 60

<210> SEQ ID NO 12

<211> LENGTH: 62

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 12

Asn Pro Glu Gln Asp Val Cys Ser Ala Phe Arg Pro Phe Val Arg Asp
5 10 15

Gly Arg Leu Gly Cys Thr Arg Glu Asn Asp Pro Val Leu Gly Pro Asp
20 25 30

Gly Lys Thr His Gly Asn Lys Cys Ala Met Cys Ala Glu Leu Phe Leu
35 40 45

Lys Glu Ala Glu Asn Ala Lys Arg Glu Gly Glu Thr Arg Ile
50 55 60

<210> SEQ ID NO 13

<211> LENGTH: 67

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 13

Asn Ala Glu Lys Asp Phe Cys Lys Glu Tyr Glu Lys Gln Val Arg Asn
5 10 15

Gly Arg Leu Phe Cys Thr Arg Glu Ser Asp Pro Val Arg Gly Pro Asp
20 25 30

Gly Arg Met His Gly Asn Lys Cys Ala Leu Cys Ala Glu Ile Phe Lys
35 40 45

Gln Arg Phe Ser Glu Glu Asn Ser Lys Thr Asp Gln Asn Leu Gly Lys
50 55 60

Ala Glu Glu
65

<210> SEQ ID NO 14

<211> LENGTH: 62

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 14

Arg Glu Ile Val Lys Leu Cys Ser Gln Tyr Gln Asn Gln Ala Lys Asn
5 10 15

Gly Ile Leu Phe Cys Thr Arg Glu Asn Asp Pro Ile Arg Gly Pro Asp
20 25 30
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Gly Lys Met His Gly Asn Leu Cys Ser Met Cys Gln Ala Tyr Phe Gln
35 40 45

Ala Glu Asn Glu Glu Lys Lys Lys Ala Glu Ala Arg Ala Arg

50 55 60
<210> SEQ ID NO 15
<211> LENGTH: 63
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 15
Thr Ser Tyr Ala Glu Leu Cys Ser Glu Tyr Arg Lys Leu Val Arg Asn
5 10 15
Gly Lys Leu Ala Cys Thr Arg Glu Asn Asp Pro Ile Gln Gly Pro Asp
20 25 30
Gly Lys Val His Gly Asn Thr Cys Ser Met Cys Glu Val Phe Phe Gln
35 40 45
Ala Glu Glu Glu Glu Lys Lys Lys Lys Glu Gly Lys Ser Arg Asn
50 55 60
<210> SEQ ID NO 16
<211> LENGTH: 59
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 16
Ala Ser Phe Glu Glu Leu Cys Ser Glu Tyr Arg Lys Ser Arg Lys Asn
5 10 15
Gly Arg Leu Phe Cys Thr Arg Glu Asn Asp Pro Ile Gln Gly Pro Asp
20 25 30
Gly Lys Met His Gly Asn Thr Cys Ser Met Cys Glu Ala Phe Phe Gln
35 40 45
Gln Glu Glu Arg Ala Arg Ala Lys Ala Lys Arg
50 55
<210> SEQ ID NO 17
<211> LENGTH: 62
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 17
Glu Ala Ala Lys Glu Ile Cys Ser Glu Phe Arg Asp Gln Val Arg Asn
5 10 15
Gly Thr Leu Ile Cys Thr Arg Glu His Asn Pro Val Arg Gly Pro Asp
20 25 30
Gly Lys Met His Gly Asn Lys Cys Ala Met Cys Ala Ser Val Phe Lys
35 40 45
Leu Glu Glu Glu Glu Lys Lys Asn Asp Lys Glu Glu Lys Gly
50 55 60

<210> SEQ ID NO 18

<211> LENGTH:

62
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<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 18
Glu Ala Val Gln Glu Leu Cys Ser Glu Tyr Arg His Tyr Val Arg Asn
5 10 15
Gly Arg Leu Pro Cys Thr Arg Glu Asn Asp Pro Ile Glu Gly Leu Asp
20 25 30
Gly Lys Ile His Gly Asn Thr Cys Ser Met Cys Glu Ala Phe Phe Gln
35 40 45
Gln Glu Ala Lys Glu Lys Glu Arg Ala Glu Pro Arg Ala Lys
50 55 60
<210> SEQ ID NO 19
<211> LENGTH: 63
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 19
Glu Ala Glu Lys Glu Thr Cys Asp Glu Phe Arg Arg Leu Leu Gln Asn
5 10 15
Gly Lys Leu Phe Cys Thr Arg Glu Asn Asp Pro Val Arg Gly Pro Asp
20 25 30
Gly Lys Thr His Gly Asn Lys Cys Ala Met Cys Lys Ala Val Phe Gln
35 40 45
Lys Glu Asn Glu Glu Arg Lys Arg Lys Glu Glu Glu Asp Gln Arg
50 55 60
<210> SEQ ID NO 20
<211> LENGTH: 57
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 20
Gly Asn Thr Gln Asp Glu Cys Ala Glu Tyr Arg Glu Gln Met Lys Asn
5 10 15
Gly Arg Leu Ser Cys Thr Arg Glu Ser Asp Pro Val Arg Asp Ala Asp
20 25 30
Gly Lys Ser Tyr Asn Asn Gln Cys Thr Met Cys Lys Ala Lys Leu Glu
35 40 45
Arg Glu Ala Glu Arg Lys Asn Glu Tyr
50 55
<210> SEQ ID NO 21
<211> LENGTH: 63
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 21

Glu Ser Gly Lys Asp Thr Cys Asp Glu Phe Arg Ser Gln Met Lys Asn

5

10

15
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Gly Lys Leu Ile Cys Thr Arg Glu Ser Asp Pro Val Arg Gly Pro Asp
20 25 30

Gly Lys Thr His Gly Asn Lys Cys Thr Met Cys Lys Glu Lys Leu Glu
35 40 45

Arg Glu Ala Ala Glu Lys Lys Lys Lys Glu Asp Glu Asp Arg Ser
50 55 60

<210> SEQ ID NO 22

<211> LENGTH: 63

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 22

Asn Asp Lys Glu Asp Leu Cys Arg Glu Phe Arg Ser Met Gln Arg Asn
5 10 15

Gly Lys Leu Ile Cys Thr Arg Glu Asn Asn Pro Val Arg Gly Pro Tyr
20 25 30

Gly Lys Met His Ile Asn Lys Cys Ala Met Cys Gln Ser Ile Phe Asp
35 40 45

Arg Glu Ala Asn Glu Arg Lys Lys Lys Asp Glu Glu Lys Ser Ser
50 55 60

<210> SEQ ID NO 23

<211> LENGTH: 92

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 23

Asn Asn Ala Lys Asp Gln Cys Arg Gln Val Gln Asn Glu Ala Glu Asp
5 10 15

Ala Lys Phe Arg Gln Pro Gly Arg Ser Leu Ala Ser Val Ala Arg Met
20 25 30

Ser Thr Asp Glu Cys Ser Glu Phe Arg Asn Tyr Ile Arg Asn Asn Glu
35 40 45

Leu Ile Cys Pro Arg Glu Asn Asp Pro Val His Gly Ala Asp Gly Lys
50 55 60

Phe Tyr Thr Asn Lys Cys Tyr Met Cys Arg Ala Val Phe Leu Thr Glu
65 70 75 80

Ala Leu Glu Arg Ala Lys Leu Gln Glu Lys Pro Ser
85 90

<210> SEQ ID NO 24

<211> LENGTH: 62

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 24

Asn Asn Ala Lys Asp Glu Cys Ser Glu Phe Arg Asn Tyr Ile Arg Asn
5 10 15

Asn Glu Leu Ile Cys Pro Arg Glu Asn Asp Pro Val His Gly Ala Asp
20 25 30

Gly Lys Phe Tyr Thr Asn Lys Cys Tyr Met Cys Arg Ala Val Phe Leu
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35 40 45

Thr Glu Ala Leu Glu Arg Ala Lys Leu Gln Glu Lys Pro Ser
50 55 60

<210> SEQ ID NO 25

<211> LENGTH: 62

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 25

Ser Leu Asp Ser Glu Met Cys Lys Asp Tyr Arg Val Leu Pro Arg Ile
5 10 15

Gly Tyr Leu Cys Pro Lys Asp Leu Lys Pro Val Cys Gly Asp Asp Gly
20 25 30

Gln Thr Tyr Asn Asn Pro Cys Met Leu Cys His Glu Asn Leu Ile Arg
35 40 45

Gln Thr Asn Thr His Ile Arg Ser Thr Gly Lys Cys Glu Glu
50 55 60

<210> SEQ ID NO 26

<211> LENGTH: 3195

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 26

atgaagatcg ccaccgtgte tgtgetgetg cctetggete tgtgectgat tcaggatgece 60
gccagcaaga acgaggacca agagatgtge cacgagttece aggectttat gaagaacgge 120
aagctgttet gecctcaaga caagaagtte ttecagagec tggacggeat catgttcate 180
aacaagtgcg ccacatgcaa gatgatcctyg gaaaaagagg ccaagagcca gaagcegggece 240
agacaccttyg ctagagcccece taaagccace getcctaceg agetgaactyg cgacgactte 300
aagaaaggcg agcgcgacgg cgacttcate tgecccgatt attacgagge cgtgtgegge 360
accgatggca agacctacga taacagatge geectgtgeg cecgagaatge caagacagga 420
tctcagateg gegtgaagte tgagggcgag tgcaagagea gcaacccega gcaggatgtg 480
tgcagegect tcagaccctt cgtcagagat ggcagactgg getgcaccag agaaaacgat 540
cctgtgetgyg geoctgacgg caagacacac ggaaacaagt gtgetatgtg tgccgagetg 600
ttcctgaaag aggccgaaaa cgccaagaga gagggcgaga cacggatcag aagaaacgcc 660
gagaaggact tctgcaaaga atacgagaag caagtgcgga acggacgect gttetgtacce 720
cgggaaagceg atccagtcag aggecccgat ggaagaatge acggcaacaa atgcgcactg 780
tgtgctgaga tcttcaagca geggttcage gaggaaaaca gcaagaccga ccagaacctg 840
ggcaaagcceg aagaaaagac caaagtgaag cgcgagatcg tgaagetgtg cagecagtac 900
cagaaccagg ccaagaatgg catcctgtte tgcacacgeg agaacgacce catcagagga 960

cccgacggaa agatgcatgg aaacctgtge agecatgtgec aggectactt ccaggcecgag 1020

aacgaagaga agaagaaggc cgaagccagg gccagaaaca agagagaaag cggcaaggec 1080

accagctacyg ccgaactgtg tagcgagtac agaaageteg tgcggaatgg caagetggece 1140

tgcactaggg aaaatgaccc tattcaggga ccagacggca aggtgcacgg gaatacctgt 1200
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tccatgtgeg aggtgttett tcaggecgag gaagaggaaa aaaagaagaa agagggcaag 1260

tcceggaaca agceggcagag caagagcace gecagetteg aggaactgtg ctecgagtac 1320

cggaagtcca gaaagaatgg ccggctttte tgcacgagag agaatgatcc catccagggg 1380

cctgatggca aaatgcatgg caatacttgce tctatgtgeg aggcattttt ccagcaagag 1440

gaacgggcca gagccaaggce caaaagagag gccgccaaag agatctgcag cgagtttagg 1500

gaccaagtce gcaacggcac cctgatctge accagggaac acaaccctgt cagagggeca 1560

gacgggaaaa tgcacgggaa caagtgtgcc atgtgcgcect ccgtgttcaa gctggaagaa 1620

gaagaaaaga aaaacgacaa agaagagaag ggaaaagtcg aagccgagaa agtgaagagg 1680

gaagccgtge aagaactctg ttetgagtac cggcactacg tccggaacgg cagactgect 1740

tgtactcggg aaaacgaccce aatcgaagga ctggacggga agatccatgg caacacctgt 1800

agtatgtgcg aggcattctt tcaacaagaa gccaaagaaa aagageggge cgagectegg 1860

gccaaagtca aaagagaagc tgagaaagag acatgcgacg agttceggeyg getgetgeag 1920

aatggaaaac tcttctgtac acgtgaaaat gatcccgtgce ggggaccaga tggaaagacce 1980

catgggaaca aatgcgctat gtgcaaggece gtgttccaaa aagagaatga ggaacgcaag 2040

cggaaagagg aagaagatca gcggaacgcece getggecacg gatctagtgg cggaggtggt 2100

ggaaatacce aggacgagtg tgccgaatac cgggaacaga tgaagaatgg aaggctgagce 2160

tgcacacggg aatctgacce cgttagagat gccgacggea agtectacaa caaccagtge 2220

accatgtgta aagccaagcet cgagegegag gecgagegga agaatgagta cagcagaagce 2280

cggtctaacg gcaccggcte tgagtctgge aaggatacct gtgacgagtt cagatcccag 2340

atgaagaacg ggaaactcat ctgcacaaga gaatcagacc cagtcegggg acctgacggg 2400

aaaactcatyg gcaacaagtg cacaatgtgce aaagagaaac tggaacgcga ggctgccgag 2460

aagaaaaaga aagaggacga ggatcggage aacaccggeg agagatctaa taccggcegag 2520

cggagcaatyg acaaagagga cctetgeegg gaatttegga gecatgcagag aaacggaaag 2580

ctcatatgta cgcgcgagaa caatccecgtt cggggccectt atgggaagat gcacattaac 2640

aaatgtgcaa tgtgccagag catcttegac agagaggcca acgaacgcaa aaagaaggat 2700

gaagagaagt ccagcagcaa gcccagcaac aacgccaagg acgaatgcete tgagttecge 2760

aattacatcc ggaacaacga gctgatctgt ccgcgagaga acgatccagt tcatggcgcece 2820

gatgggaagt tctacaccaa caagtgttat atgtgcagag ccgtctttct gacagaggcce 2880

ctggaaagag ccaagctgca agagaagect tctcacgtge gggectctca agaagaggac 2940

agccctgata gettcagcag cctggacage gagatgtgca aggactacag agtgctgecce 3000

cggatcgget atctgtgccce caaggatctg aagectgtgt gtggcgacga cggccagaca 3060

tacaacaatc cctgcatgct gtgtcacgag aacctgatcc ggcagaccaa cacacacatc 3120

cggtccaceg gcaagtgcga agagtctage acacctggaa caaccgecege ctctatgect 3180

cctagcgacg aatga 3195
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What is claimed is:

1. A pharmaceutical composition comprising:

(a) a herpes virus comprising a recombinant herpes virus
genome, wherein the recombinant herpes virus genome
comprises one or more polynucleotides encoding a
Serine Protease Inhibitor Kazal-type (SPINK) polypep-
tide; and

(b) a pharmaceutically acceptable excipient.

2. The pharmaceutical composition of claim 1, wherein
the recombinant herpes virus genome is replication compe-
tent.

3. The pharmaceutical composition of claim 1, wherein
the recombinant herpes virus genome is replication defec-
tive.

4. The pharmaceutical composition of claim 1, wherein
the recombinant herpes virus genome is selected from the
group consisting of a recombinant herpes simplex virus
genome, a recombinant varicella zoster virus genome, a
recombinant human cytomegalovirus genome, a recombi-
nant herpesvirus 6A genome, a recombinant herpesvirus 6B
genome, a recombinant herpesvirus 7 genome, a recombi-
nant Kaposi’s sarcoma-associated herpesvirus genome, and
any derivatives thereof.

5. The pharmaceutical composition of claim 1, wherein
the recombinant herpes virus genome is a recombinant
herpes simplex virus type 1 (HSV-1) genome.

6. The pharmaceutical composition of claim 5, wherein
the recombinant HSV-1 genome comprises an inactivating
mutation in a herpes simplex virus gene selected from the
group consisting of Infected Cell Protein (ICP) 0, ICP4,
1CP22, ICP27, ICP47, thymidine kinase (tk), Long Unique
Region (UL) 41, and UL5S.

7. The pharmaceutical composition of claim 1, wherein
the SPINK polypeptide is a human SPINK polypeptide.

8. The pharmaceutical composition of claim 1, wherein
the SPINK polypeptide is a Serine Protease Inhibitor Kazal-
type 5 (SPINKS) polypeptide.

9. The pharmaceutical composition of claim 1, wherein
the SPINK polypeptide comprises a sequence having at least
80%, at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence identity
to an amino acid sequence selected from the group consist-
ing of SEQ ID NOS: 7-25.

10. The pharmaceutical composition of claim 1, wherein
the herpes virus has reduced cytotoxicity as compared to a
corresponding wild-type herpes virus.

11. The pharmaceutical composition of claim 1, wherein
the herpes virus is selected from the group consisting of a
herpes simplex virus, a varicella zoster virus, a human
cytomegalovirus, a herpesvirus 6A, a herpesvirus 6B, a
herpesvirus 7, and a Kaposi’s sarcoma-associated herpesvi-
rus.

12. The pharmaceutical composition of claim 1, wherein
the herpes virus is a herpes simplex virus type 1 (HSV-1).

13. The pharmaceutical composition of claim 1, wherein
the pharmaceutical composition is suitable for topical, trans-
dermal, subcutaneous, intradermal, oral, intranasal, intratra-
cheal, sublingual, buccal, rectal, vaginal, inhaled, intrave-
nous, intraarterial, intramuscular, intracardiac, intraosseous,
intraperitoneal, transmucosal, intravitreal, subretinal,
intraarticular, peri-articular, local, or epicutaneous adminis-
tration.
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14. The pharmaceutical composition of claim 1, wherein
the pharmaceutical composition is suitable for topical, trans-
dermal, or intradermal administration.

15. A method of providing prophylactic, palliative, or
therapeutic relief to one or more signs or symptoms of
Netherton Syndrome (NS) or atopic dermatitis (AD) in a
subject in need thereof, the method comprising administer-
ing to the subject an effective amount of a pharmaceutical
composition comprising:

(a) a herpes virus comprising a recombinant herpes virus
genome, wherein the recombinant herpes virus genome
comprises one or more polynucleotides encoding a
Serine Protease Inhibitor Kazal-type (SPINK) polypep-
tide; and

(b) a pharmaceutically acceptable excipient.

16. The method of claim 15, wherein the subject is a
human.

17. The method of claim 15, wherein the one or more
signs or symptoms of NS are selected from the group
consisting of defective keratinization, a defective skin bar-
rier, recurrent skin infections, congenital ichthyosiform
erythroderma, ichthyosis linearis circumflexa, trichorrhexis
invaginata, chronic skin inflammation, and any combina-
tions thereof.

18. The method of claim 15, wherein the one or more
signs or symptoms of atopic dermatitis are selected from the
group consisting of itchy skin, dry skin, red to brownish-
grey patches on the skin, small raised bumps on the skin,
thickened skin, cracked skin, scaly skin, swollen skin,
weeping sores, skin infections, eyelid dermatitis, cataracts,
and any combinations thereof.

19. The method of claim 15, wherein the pharmaceutical
composition is administered topically, transdermally, sub-
cutaneously, epicutaneously, intradermally, orally, sublin-
gually, buccally, rectally, vaginally, intravenously, intraarte-
rially, intramuscularly, intraosseously, intracardially,
intraperitoneally, transmucosally, intravitreally, subretinally,
intraarticularly, peri-articularly, locally, or via inhalation to
the subject.

20. The method of claim 15, wherein the pharmaceutical
composition is administered topically, transdermally, or
intradermally to the subject.

21. The method of claim 20, wherein the skin of the
subject is abraded prior to administration.

22. The method of claim 15, wherein the recombinant
herpes virus genome is selected from the group consisting of
a recombinant herpes simplex virus genome, a recombinant
varicella zoster virus genome, a recombinant human cyto-
megalovirus genome, a recombinant herpesvirus 6A
genome, a recombinant herpesvirus 6B genome, a recom-
binant herpesvirus 7 genome, a recombinant Kaposi’s sar-
coma-associated herpesvirus genome, and any derivatives
thereof.

23. The method of claim 15, wherein the recombinant
herpes virus genome is a recombinant herpes simplex virus
type 1 (HSV-1) genome.

24. The method of claim 23, wherein the recombinant
HSV-1 genome comprises an inactivating mutation in a
herpes simplex virus gene selected from the group consist-
ing of Infected Cell Protein (ICP) 0, ICP4, ICP22, ICP27,
ICP47, thymidine kinase (tk), Long Unique Region (UL) 41,
and UL55.

25. The method of claim 15, wherein the SPINK poly-
peptide is a human SPINK polypeptide.
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26. The method of claim 15, wherein the wherein the
SPINK polypeptide is a Serine Protease Inhibitor Kazal-type
5 (SPINKS) polypeptide.

27. The method of claim 15, wherein the SPINK poly-
peptide comprises a sequence having at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% sequence identity to an amino
acid sequence selected from the group consisting of SEQ ID
NOS: 7-25.

28. The method of claim 15, wherein the herpes virus has
reduced cytotoxicity as compared to a corresponding wild-
type herpes virus.

29. The method of claim 15, wherein the herpes virus is
selected from the group consisting of a herpes simplex virus,
a varicella zoster virus, a human cytomegalovirus, a herpes-
virus 6A, a herpesvirus 6B, a herpesvirus 7, and a Kaposi’s
sarcoma-associated herpesvirus.

30. The method of claim 15, wherein the herpes virus is
a herpes simplex virus type 1 (HSV-1).
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