RODENTS HAVING A HUMANIZED TMPRSS GENE

CROSS REFERENCE TO RELATED APPLICATION

(6461} This application claims the benefit of priority from U.S. Provisional Application No.
62/301,023, filed February 29, 2016, the entire contents of which are incorporated herein by

reference,

INCORPORATION BY REFERENCE OF SEQUENCE LISTING

186G2] The Sequence Listing in the ASCII text file, named as
33093 10234US01 Sequencelisting.txt of 275 KB, created on February 13, 2017, and
submitted to the United States Patent and Trademark Office via EFS-Web, is incorporated

herein by reference.

BACKGROUND

16003} Type I transmembrane serine proteases are a family of proteases characterized
by an N-termunal transmembrane domain (Bugge ef al., J. Biol. Chem. 284 (35): 23177-
23181, 2009; Hooper ef al., J. Biol. Chem. 272(2): 857-860, 2001). All members of this
family are expressed as single-chain zymogens and are profeolytically activated by cleavage
within a highly conserved R/(IVIVGG motif. One member of the family, transmembrane
protease, serine type 4 {TMPRSS4), has been shown to activate the epithelial sodium
channel (ENaC) regulating the sodium and water flux across epithelia {(Guipponi ef al. 2002
Hum. Mol Gener. 11:2829; Vuagniaux ef al. 2002 J. Gen. Physiol. 120:191). The
proteolytical activators of TMPRSS4 are unknown; however, data available to date suggests
that the protein is autoactivated. When activated, the catalytic domain of TMPRSS4
remains bound to the N-termainus of the protein via a disulphide hinkage. TMPRSS4,
TMPRSS2 and TMPRSS1ID (or Human dirway Trypsin-like protease; "HAT") have been
shown in vitro to cleave influenza A hemagglutinin (HA), which is the first essential step in
the viral life cycle. This cleavage is essential for activity of HA, as the protein is

synthesized as a precursor protein (HAQ) and requires cleavage into HA L and HAZ2 for



activity. RNAt knock-down of TMPRSS4 in Caco-2 cells resulted in reduced spread of the
virgs. In addition, TMPRSS4 was shown to be strongly upregulated in the hungs of mice
infected with influenza (Béttcher e al. 2006 J. Virol 80:9896; Boéticher et al. 2009 Vaccine
27: 6324; Bottcher-Friebershiusser ef al. 2010 J. Virol. 84: 5604; Bertam ef . 2010 J,
Virol 84:10016; Bertam er ol 2010 J. Virel 84:10016; Bottcher-Friebershiusser ef af, 2011
J. Virol 85: 1554; Bahgat et al. 2011 Virol. J. 8:27).

HEHEY Development of an in vivo system, e.g., a rodent model of infection, 1s needed in
order to identify and test compounds including antibodies that specifically target human type
I transmembrane serine profeases for the treatment and prevention of viral infection and

other diseases,

SUMMARY

18005] The present invention encompasses the recognition that it 15 desirable to engineer
rodent animals to provide in vive systems for identitying and developing new therapeutics.
For example, the present invention encompasses the recognition that rodents having a
humanized Tmprss gene are desirable for use in identifying and developing therapeutics for

the treatment and prevention of viral infections.

16606] in one aspect, the invention provides a rodent whose genome contains a
humanized Tmprss gene that includes a nucleotide sequence of an endogenous rodent
Tmprss gene and a nucleotide sequence of a cognate human TMPRSS gene, wherein the
humanized Tmprss gene is under control of a 5' regulatory sequence(s), such as the promoter

and/or enhancer(s), of the endogenous rodent Tmprss gene.

16887] in some embodiments, the humanized Tmprss gene i rodents disclosed heremn
encodes a humanized Tmprss protein that contains an ectodomain substantially identical
{e.g., at least 85%, 30%, 95%, 98%, 99% or 100% wdentical in sequence) to the ectodomain
of a human TMPRSS protein. In some embodiments, the humanized Tmprss protein
contains a cytoplasmic and transtuembrane portion that is substantially identical {e.g., at
least 85%, 90%, 95%, 98%, 99% or 100% identical in sequence) to the cytoplasmic and

transmembrane portion of an endogenous rodent Tmprss protein.



16008] In some embodiments, a rodent disclosed herein contains a humanized Tmprss
gene that includes a nucleotide sequence of an endogenous rodent Tmprss gene and a
nucleotide sequence of a cognate human TMPRSS gene, wherein the nucleotide sequence of
the cognate human TAMPRSS gene encodes a polypeptide substantially identical (e.g., at least
85%, 90%, 95%, 98%, 99% or 100% identical in sequence) to the ectodomain of the human
TMPRSS protein encoded by the cognate human TMPRSS gene. In some embodiments, a
rodent disclosed herein contains a humanized Tmprss gene that includes a nucleotide
sequence of an endogenous rodent Tmprss gene and a nucleotide sequence of a cognate
human TMPRSS gene, wherein the nucleotide sequence of the endogenous rodent Tmprss
gene encodes a polypeptide substantially identical {e.g., at least 85%, 90%, 95%, 98%, 99%
or 100% identical in sequence) to the cytoplasmic and transmembrane portion of the

endogenous rodent Tmprss protein encoded by the endogenous rodent Tmprss gene.

[6609] In some embodiments, a rodent disclosed herein contains a hwmanized Tmprss
gene located at an endogenous rodent Tmprss locus that results from a replacement of a
contiguous genomic sequence of an endogenous rodent Tmprss gene with a contiguous
genomic sequence of a cognate human TAMPRSS gene. In specific embodiments, the
contiguous genomic sequence of a cognate buman TMPRSS gene being inserted includes
cxon sequences encoding an ectodomain substantially identical with the ectodomain of the
human TMPRSS protein encoded by hurnan TAIPRSS gene. In some embodiments, the
contiguous genomic sequence of a cognate hwman TMPRSS gene alseo includes the 3' UTR

of the cognate human TMPRSS gene.

[6610) In some embodiments, a rodent disclosed herein is heterozygous for a humanized
Tmprss gene at an endogenous rodent Tmprss locus. In other embodiments, a rodent is

homozygous for a humanized Tmprss gene at an endogenous rodent Tmprss locus.

6611} in further embodiments, a rodent contains two or more humanized Tmprss genes
at different endogenous rodent Tmprss loct with cach endogenous rodent Tmprss locus being
humanized with a respective cognate human TMPRSS gene; for example, two or more of

humanized Tmprss2, humanized Tmprss4, and humanized Tmprssi {d genes.



16012} In some embodiments, a rodent disclosed herein contains a humanized Tmprss?
gene that includes a nucleotide sequence of an endogenous rodent Tmprss? gene and a
nucleotide sequence of a human TMPRSS2 gene, wherein the humanized Tmprss2 gene is

under control of the promoter of the endogenous rodent Tmprss2 gene,

18613} In some embodiments, the humanized Tmprss2 gene encodes a bumanized
Tmprss2 protein that contains an ectodomain substantially identical (e.g., at least 85%, 90%,
5%, 98%, 99% or 100% identical in sequence) with the ectodomain of the human
TMPRSS2 protein encoded by the human TMPRSS2 gene used in humanization. The
human TMPRSS?2 protein contains, in some embodiments, an amino acid sequence at least
85% identical (e.g., at least 90%, 95%, 98%, 99% or 100% identical} with the amino acid
sequence as set forth in SEQ ID NO: 4. In some embodiments, a humanized Tmprss2
protein contains an ectodomain substantially identical (e.g., at least 85%, 90%, 95%, 98%,
99% or 100% identical) with the amino acid sequence composed of residues W106 to G492
ot the C-ternunal 387 amino acids of a human TMPRSS2 protein as set forth in, e.g., SEQ
IB NGO 4. In some embodiments, the humanized Tmprss? gene encodes a humanized
Traprss2 protein that further contains a cytoplasmic and transmembrane portion that is
substantially identical {e.g., at least 85%, 90%, 95%, 98%, 99% or 100% identical} with the
cytoplasmic and transmembrane portion of the rodent Trmprss2 protein encoded by the
endogenous rodent Tmprss? gene being humanized. An exemplary endogenous rodent

Tmprss2 protein is set forth in SEQ 1D NO: 2.

[6014] In some embodiments, a rodent contains a humanized Tmprss2 gene that inchudes
a nucleotide sequence of an endogenous rodent Tmprss? gene and a nucleotide sequence of
a human TMPRSS2 gene, wherein the nucleotide sequence of the human TMPRSS? gene
encodes an ectodomain substantially identical (e.g., at least 85%, 90%, 95%, 98%, 99% or
100% identical in sequence)} with the ectodomain of the human TMPRSS2 protein encoded
by the human TMPRSSZ gene. In specific embodiments, the nucleotide sequence of a
himan TMPRSS2 gene is a contiguous genomic sequence of a human TMPRSS? gene
containing coding exon 4 through the stop codon in coding exon 13 of the human TMPRSS?
gene. In particular embodiments, the contiguous genomic sequence of a human TMPRSS?

gene further contains the 3' UTR of the human TMPRSS? gene. In some embodiments, the



nucleotide sequence of an endogenous rodent Tmprss2 gene included in a humanized
Tmpras2 gene encodes a cytoplasmic and transmembrane portion that is substantially
identical (e.g., at least 85%, 90%, 95%, 98%, 99% or 100% identical) with the cytoplasmic
and transmembrane portion of the endogenous rodent Tmprss2 protein encoded by the

endogenous rodent Tmprss? gene.

6615} In particular embodiments, a humanized Tmprss2 gene contains coding exons 1-2
of an endogenous rodent Tmprss? gene, and coding exon 4 through coding exon 13 of a
human TMPRSS2 gene, wherein the humanized Tmprss? gene encodes a humanized
Tmprss2 protein that contains a cytoplasmic and transmembrane portion that is substantially
identical with the cytoplasmic and transmembrane portion of the rodent Tmprss2 protein
encoded by the endogenous rodent Tmprss2 gene, and an ectodomain that is substantially
identical with the ectodomain of the human TMPRSS2 protein encoded by the human
TMPRSS2 gene. The humanized Tmprss2 gene contains an exon 3 that in some
embodiments 1s coding exon 3 of a human TMPRSS2 gene, and in other embodiments is
coding exon 3 of an endogenous rodent Tmprss? gene. In some embodiments, the
humanized Tmprss2 gene contains an exon 3 that includes a 5" portion of coding exon 3 of
an endogenous rodent Tmprss? gene and a 3' portion of coding exon 3 of a human TMPRSSZ

gene.

[6016] In some embodiments, a rodent disclosed herein contains a humanized Tmprss4
gene that includes a nucleotide sequence of an endogenous rodent Tmprss4 gene and a
nucleotide sequence of a human TMPRSS4 gene, wherein the humanized Tmprss4 gene s

under control of the promoter of the endogenous rodent Tmprss4 gene.

[6617] In some embodiments, the humanized Tmprss4 gene encodes a humanized
Tmprssd protein that contains an ectodomain substantially identical (e.g., at least 85%, 90%,
95%, 98%, 99% or 100% identical in sequence} with the ectodomain of the human
TMPRSS4 protein encoded by the human TMPRSS4 gene used in humanization. The
human TMPRSS4 protein contains, in some embodiments, an amino acid sequence at least
85% identical {c.g., at least 90%, 95%, 98%, 99% or 100% identical} with the amino acid
sequence as set forth 1 SEQ ID NO: 11, In some embodiments, a humanized Tmprssd

protein contains an ectodomain substantially identical (e.g., at least 85%, 90%, 95%, 98%,



99% or 100% identical} with the amino acid sequence composed of residues K54 to 1437 or
the C-terminal 384 amino acids of a human TMPRSS4 protein as set forth in, e.g., SEQ ID
NO: 11, In some embodiments, the humanized Tmprss4 gene encodes a humanized
Tmprss4 protein that further contains a cytoplasmic and transmembrane portion that is
substantially identical {(e.g., at least 83%, 90%, 95%, 98%, 99% or 100% identical} with the
cytoplasmic and transmembrane portion of the rodent Tmprssd protein encoded by the
endogenous rodent Tmprss4 gene being humanized. An exemplary endogenous rodent

Tmprssd protein is sef forth in SEQ D NO: 9,

[6018] In some embodiments, a rodent contains a humanized Tmprss4 gene that inchudes
a nucleotide sequence of an endogenous rodent Tmprss4 gene and a nucleotide sequence of
a human TMPRSS4 gene, wherein the nucleotide sequence of a human TMPRSS4 gene
encodes an ectodomain substantially identical with the ectodomain of the human TMPRSS4
protein encoded by the human TMPRSSY gene. In specific embodiments, the nucleotide
sequence of a human TMPRSS4 gene is a contiguous genomic sequence containing coding
exon 4 through the stop codon in coding exon 13 of a human TMPRSESY gene. In some
embodiments, the nucleotide sequence of an endogenous rodent Tmprss4 gene included in g
humanized Tmprss4 gene encodes a cytoplasmic and transmembrane portion that is
substantially identical with the cytoplasmic and transmembrane portion of the rodent

Tmprss4 protein encoded by the endogenous rodent Tmprss4 gene,

16619 In particular embodiments, a humanized Tmprss4 gene contains coding exon 1
through coding exon 3 of an endogenous rodent Tmprss4 gene, and coding exon 4 through

the stop codon in coding exon 13 of a human TAMPRSSY gene.

[6620] In some embodiments, a rodent disclosed herein contains a humanized
Tmprssiid gene that includes a nucleotide sequence of an endogenous rodent TmprssiId
gene and a nucleotide sequence of a human TMPRSSI 1D gene, wherein the humanized

Tmprssi Id gene 1s under control of the promoter of the endogenous rodent Tmprss ! 1d gene.

[6621] In some embodiments, the humanized Tmprss{Id gene encodes a humanized
Tmprssi Id protein that contains an ectodomain substantially identical {e.g., at least 85%,

90%, 95%, 98%, 99% or 100% identical in sequence) with the ectodomain of the human



TMPRSS11D protein encoded by the human TMPRSST 1D gene used in humanization. The
human TMPRSS1ID protein contains, in some embodiments, an anmino acid sequence at
least 85% identical (e.g., at least 90%, 95%, 98%, 99% or 100% identical} with the amino
acid sequence as set forth in SEQ ID NO: 18, In some embodiments, a humanized
Tmprssi 1d protein contains an ectodomain substantially identical {e.g., at least 85%, 50%,
95%, 98%, 99% or 100% identical) with the amino acid sequence composed of residues
A42-1418 or the C-terminal 377 amino acids of a human TMPRES11D protein as set forth
in, e.g., SEQ ID NO: 18, In some embodiments, the humanized Tmprss I 1d gene encodes a
humanized Tmprss] 1d protein that further contains a cytoplasmic and transmerabrane
portion that is substantially identical (e.g., at least 85%, 90%, 95%, 98%, 99% or 100%
identical) with the cytoplasmic and transmembrane portion of the endogenous rodent
Tmprssi 1d protein encoded by the endogenous rodent Tmprss ! 1d gene being humanized.

An exemplary endogenous rodent Tmprss! 1d protein is set forth in SEQ ID NO: 16.

16623] I some embodiments, a rodent contains a humanized Tmprss!ld gene that
includes a nuclestide sequence of an endogenous rodent Tmprss/ /4 gene and a nucleotide
sequence of a human TMPRSSTID gene, wherein the nucleotide sequence of the human
TMPRSST1D gene encodes an ectodomain substantially identical with the ectodomain of the
human TMPRSS11D protein encoded by the human TMPRSSI 1D gene. In specific
embodiments, the nucleotide sequence of a buman TAMPRSST1d gene 15 a contiguous
genomic sequence containing coding exon 3 through the stop codon in coding exon 10 of a
human TMPRSSID gene. In particular embodiments, the contiguous genomic sequence of
a human TMPRSST1D gene further contains the 3' UTR of the human TMPRSSTID gene. In
some embodiments, the nucleotide sequence of an endogenous rodent Tmprss{Id gene
included tn a humanized Tmprssi Id gene encodes a cytoplasmic and transmembrane portion
that is substantially identical with the cytoplasmic and transmembrane portion of the rodent

Trprssl 1d protein encoded by the endogenous rodent Tmprss?id gene.

[6623) In particular embodiments, a humanized Tmprss? /d gene contains coding exons
1-2 of an endogenous rodent Tmprss{ Id gene, and coding exon 3 through coding exon 13 of

a human TMPRSSTID gene.



16024} In another aspect, the invention provides an isolated rodent cell or tissue whose
genome contains a hamanized Tmprss gene as described herein. In specific embodiments,
the humanized Tmprss gene is selected from the group consisting of a humanized Tmprss2

gene, a humanized Tmprss4 gene, and a humanized Tmprssl Id gene.

16625] In still another aspect, the invention provides a rodent embryonic stem cell whose
genome contains a humanized Tmprss gene as described herein. In specific embodiments,
the humanized Tmprss gene is selected from the group consisting of a humanized Tmprss2

gene, a humanized Tmprss4 gene, and a humanized Tmprssiid gene.

[6026] In another aspect, a rodent embryo generated from the rodent embryonic stem

cell disclosed herein 18 also provided.

16627] in one aspect, the invention provides a nucleic acid vector suitable for use in
humanizing an endogenous Tmprss gene in a rodent. In some embodiments, the nucleic acid
vector includes a human Tmprss nucleic acid sequence (e.g., a human genormic DNA
encoding the ectodomain of a human TMPRSS protein), flanked by a 5" homology arm and a
3 homology arm. The 5' and 3" homology arms are nucleic acid sequences that are placed at
5'and 3', respectively, to the human Tmprss nucleic acid sequence and are homologous to
genomic DNA sequences at an endogenous Tmprss locus in a rodent that flank a rodent
genomic DNA encoding the ectodomain of a cognate rodent Tmprss protein. Thus, the §'
and 3' homology arms are capable of mediating homologous recombination and replacement
of the rodent genomic DNA encoding the ectodomain of the cognate rodent Troprss protein
with the human Tmprss nucleic acid sequence to form a humanized Timprss gene as

described herein.

[6028] In a further aspect, the invention is divected to a method of providing a rodent
whose genome contains a humanized Tmprss gene. The method includes moditying the
genome of a rodent to replace a genomic sequence of an endogenous rodent Tmprss gene
with a genomic sequence of a cognate human TMPRSS gene to form a humanized Tmprss

gene.

16629] In some embodiments, the mvention provides a method of making a rodent (such

as a mouse or a rat) having a humanized Tmprss gene, the method including the steps of (a)



inserting a genomic fragment into an endogenous rodent Tmprss locus in a rodent embryonic
stem cell, wherein the genomic fragment contains a nucleotide sequence of a cognate human
TMPRSS gene, thereby forming a humanized Tmprss gene (Such as those described herein);
(b) obtaining a rodent embryonic stem cell comprising the bumanized Tmprss gene of (a);

and {c} creating a rodent using the rodent embryonic stem cell of {b).

16630} In some embodiments, the humanized Tmprss gene is selected from the group
consisting of a humanized Tmprss2 gene, a humanized Tmprssd gene, and a humanized
Tmprssiid gene. In various embodiments, the humanized Tmprss gene encodes a
humanized Tmprss protein that contans an ectodomain substantially identical {(e.g., at least
0%, 95%, 98%, 99% or 100% identical in sequence) to the ectodomain of the human
TMPRSS protein encoded by the human TMPRSS gene used for humanization. In specific
embodiments, the humanized Tmprss protein contains the ectodomain of a human TMPRSS
protein selected from the group consisting of a human TMPRSS2 protein, a human
TMPRSS4 protein, and a haman TMPRSS1ID protewn.  In specific emsbodiments, the
humanized Tmprss protein further contains a cytoplasmic and transmembrane portion that is
substantially 1identical with the cytoplasmic and transmembrane portion of the rodent Tmprss

protein encoded by the endogenous rodent Tmprss gene being humanized.

16031} In another aspect, the invention provides a method of using a rodent disclosed
herein to assess the therapeutic efficacy of a compound (e.g., candidate inhibitors that
spectfically target a human TMPRSS protein} in freating influenza virus infection. The
method can inchude the steps of providing a rodent described herein, administering an
influenza virus and a candidate compound to the rodent; and monitoring the presence and
severity of influenza virus infection in the rodent to determine the therapeutic efficacy of the

drug candidate.

16832] In some embodiments, the influenza virus is administered to the rodent before the
compound, In other embodiments, the influenza virgs 1s administered to the rodent after the

compound,

[6433) In some embodiments, the candidate compound s an antibody or antigen-binding

fragment thereof specific for a human TMPRSS protein. In specific embodiments, the



candidate compound s an antibody or antigen-binding fragment thereof specific fora
human TMPRSS protein selected from the group consisting of a human TMPRSS2 protein,
a human TMPRSS4 protein, and a human TMPRSS11D protein.

16634] Other features, objects, and advantages of the present invention are apparent in
the detailed description that follows. It should be understood, however, that the detailed
description, while indicating embodiments of the present invention, is given by way of
iltastration only, not limitation. Various changes and modifications within the scope of the

invention will become apparent to those skilled in the art from the detatled description.

BRIEF DESCRIPTION OF THE DRAWINGS

[6035] The Drawings included herein, which are composed of the following Figures, are

for llustration purposes only and not for hmutation.
16636] Figures 1A-11}. Exemplary strategy for humanization of mouse TmprssZ.

166373 Figure 1A shows a diagram, not to scale, of the genomic organization of mouse
Tmprss2 and human TAMPRSSZ genes. Bxons are represented by thin bars placed across the
genomic sequences, with the first coding exon for both genes indicated by the start codon
"ATG" above the exon, and the last coding exon indicated by the "Stop” codon above the
exon. A mouse genomic fragment of about 25,291 bp to be deleted and a human genomic
fragment of about 25,091 bp to be inserted are indicated. Locations of probes used in an
assay described in Example 1 are indicated. TM: fransmembrane domain; SRCR: scavenger
receptor cysteine-rich like domain; LBLRa: low density ipoprotein receptor class A.

16038 Figure 1B iHustrates, not to scale, an exemplary modified BAC vector for

humanization of an endogenous mouse Tmprss? gene, along with the junction sequences

{(SEQ I NOS: 22, 23 and 24).

16039] Figure 1C iHustrates, not to scale, a humanized Tmprss? allcle afier the neomycin

cassette has been deleted, along with the junction sequences (SEQ 1D NOS: 22 and 25).

[6046] Figure 1D sets forth a sequence alignment of a human TMPRSS?2 protein (SEQ
1D NO: 4}, a mouse Tmprss2 protein (SEQ [D NO: 2), and a humanized Tmprss2 protein
("7010 mutant pro™y (SEQ 1D NO: 7).

10



18041} Figures 2ZA-213. Exemplary strategy for humanization of mouse Tmprss4.

180642} Figure 2A shows a diagram, not to scale, of the genomic organization of mouse
Tmprss4 and human TMPRSS4 genes. Hxons are represented by thin bars placed across the
genomic sequences, with the first exon (also the first coding exon) for both genes indicated
by the start codon "ATG" above the exon, and the last coding exon indicated by the "Stop”
codon above the exon. The mouse genomic fragment of about 11,074 bp to be deleted and
the human genomic fragment of about 14,963 bp to be mserted are indicated. Locations of
probes used in an assay described in Example 2 are indicated. TM: transmembrane domain;
SRCR: scavenger receptor cysteing-rich ike domain; LDLRa: low density hipoprotein

receptor class A.

16043] Figure 2B iHustrates, not to scale, an exemplary modified BAC vector for
humanization of an endogenous mouse Tmprss4 gene, along with the junction sequences

(SEQ [D NOS: 38, 39 and 40).

[6044] Figure 2C iHustrates, not to scale, a humanized Tmprss4 allele after the neomycin

cassetie has been deleted, along with the junction sequences (SEQ 1D NOS: 41 and 40).

16845] Figure 2D sets forth a sequence alignment of a human TMPRSS4 protein (SEQ
D NO: 11), a mouse Tmprssd protein {SEQ 1D NO: 9), and a humanized Tmprss4 protein
("7224 wutant pro™) (SEQ ID NO: 14).

16046] Figures 3JA-3D. Exewplary strategy for hamanization of mouse Tmprss{1d.

63471 Figure 3A shows a diagram, not to scale, of the genomic organization of mouse
Tmprssiid and human TMPRSESTID genes. Exons are represented by thin bars placed
across the genomic sequences, with the first exon (also the first codon exon) for both genes
indicated by the start codon "ATG" above the exon, and the last coding exon indicated by
the "Stop" codon above the exon. A mouse genomic fragment of about 35,667 bp to be
deleted and a human genomic fragment of about 33,927 bp to be inserted are indicated.
Locations of probes used in an assay described in Example 3 are indicated. TM:
transmembrane domain; SEA: domain found in sea urchin sperm protein, enterokinase and

agrin.

11



18048} Figure 3B illustrates, not to scale, an exemplary modified BAC vector for
humanization of an endogenous mouse Tmpras? Id gene, along with the junction sequences

(SEQ ID NOS: 57, 58 and 59).

16049} Figure 3C illustrates, not to scale, a humanized Tmprss 1] allele after the
neomycin cassette has been deleted, along with the junction sequences {(SEQ 1D NOS: 57

and 60).

1806506} Figure 3D sets forth a sequence alignment of a human TMPRSS11D protein
(SEQ ID NO: 18), 3 mouse Tmprsslt 1d protein (SEQ D NOG: 16), and a humanized
Tmprsstid protein (7226 nmtant pro™) (SEQ 1D NO: 21).

(0051} Figure 4 depicts the results of an experimaent showing that MAID7225
HumInTMPRSS4 mice do not differ in their susceptibility to challenge with high doses of
severe influenza A HINI or severe, mouse-adapted H3N2. MAID7225 Humin TMRPSS4
mice challenged with A/Puerto Rico/08/1934 (HIN1) (klight gray circles, dotted hine) showed
similar survival rates compared to wild-type mice (light gray squares, dotted line).
Likewise, MAID7225 Humin TMRPSS4 mice challenged with A/Aichi/02/1968-X31
{(H3N2) (dark gray triangles, dotted line) showed simuilar survival rates compared to wild-
type mice (light gray inverse triangles, dashed line). Mice were infected IN on day 0 with
either 1150 PFUs of A/Puerto Rico/08/1934 (HIN1) or 18,000 PFUs of A/Aichi/(02/1968-
X31 (H3N2). The control group included uninfected negative control MAID7225 Humin
TMPRSS4 and wild-type muce (black diamonds, solid line).

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

16652] The present tnvention relates to genetically modified rodents (e.g., mice and rats)
having a humanized gene encoding a type U transmembrane serine protease {or "Tmprss”,
for transmembrane protease/serine). The genetically modified rodents are suitable for use n
screening for candidate compounds that specifically target a human TMPRSS molecule for
the treatment and prevention of diseases such as influenza viras infection. Accordingly, the
present invention provides genetically modified rodents having a humanized Tmprss gene,
cells and tissues isolated from the genctically modified rodents, methods and compositions

for making the genetically modified rodents, and use of the genetically modified rodents for

12



screening and testing therapeutic compounds. The various embodiments of the present

invention are further described below.

Type I Transmembrane Serine Proteases (" Tmprss™)

18053} Type I transmembrane serine proteases, also referred to herein as "Tmprss” for
non-human molecules or "TMPRSS” for human molecules ("transmembrane
protease/serine"), are a family of proteins characterized by an N-terminal transmembrane
domain and a C-termunal extracellular serine protease domain. At least 18 members have
been identified in the family, which are grouped into four subfamilies {Bugge ef al. {2009),
supra). All members share several common structural features that define the family,
including (i) a short N-terminal cytoplasmic domain, (11} 3 transmembrane domain, and (i)
an ectodomain that confains a protease domain and a stem region that links the
transmembrane domain with the protease domain. The stem region contains a combination
of modular structural domains of six different types: a SEA (sea urchin sperm
protein/enteropeptidase/agring dorain, a group A scavenger receptor domain, a LDLA (fow-
density lipoprotein receptor class 4) domain, 2 CUB (Cls/Clr urchin embryonic growth
factor, bone morphogenetic protein-1) domain, a MAM (meprin/A45 antigen/receptor protein
phosphatase mu) domain, and a frizzled domain. See review by Bugge ef al. {2009}, supra.
For example, TMPRSS2 and TMPRSS4, both of which belong to the hepsin/TMPRSS
subfamily, bave a group A scavenger receptor domain, preceded by a single LDLA domain
ins the stem region. TMPRSS11D, also known as "HAT" for suman agirway rrypsin-like
protease that belongs to the HAT/DESC subfamily, has a single SEA domain. See Figure 1
of Bugge ef al. (2009), supra.

[6654] Type I transmembrane serine proteases are produced imitially as inactive
proenzymes that require activation by cleavage following a basic amino acid residuec ina
consensus activation motif preceding the protease domain., Some of the activated proteases
remain membrane bound as a result of 3 disulfide bond between the prodomain and the
protease domain. The extraceliular domains are considered to be critical for celiular
localization, activation, mhibition, and/or substrate specificity of these proteases (Bugge et

al. (2009), supra; Szabo et al., Int. J. Biochem. Cell Biol. 40: 1297-1316 (2008)).
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18055} Various biochemical and pathophysiological information has been documented
for members of the type Il transmembrane serine proteases. TMPRSS2, TMPRSS4 and
TMPRSS11D have been shown in vitro to cleave influenza A hemagglutinin (HA), which is
the first essential step i the viral life cycle. Genetically modified rodent animals having a
humanized Toprss gene disclosed herein provide useful in vivo systems that allow fora
thorough understanding of the biological functions of the TMPRSS molecules, as well as for
screening therapeutic compounds that specifically target human TMPRSS molecules.
[6056] Exemplary Tmprss sequences, including mouse, human and humanized Trprss
nucleic acid and protein sequences, are provided in this application and are summanzed
the following table. Primer and probe sequences used in the assays described in the
examples section, and msertion junction sequences of exemplary bumanized Tmprss alleles,

are also included in the table.

Summary Description of Sequences

SEQ Description Features

NG

I Mus musculos Tmprss2, Length: 3175 bp
mRNA, NM 0157752 CDS:231-1703

Exons: 1-177; 178-245 (second exon, and first
coding exon); 246-465; 466-552; 553-672; 673-
799; 800-910; 911-954; 955-1123; 1124-1299;
1300-1395; 1396-1538; 1539-1691; 1692-3161.

2 Mus musculus Tmprss2, protein | Length: 490 aa
3 Homo sapiens TMPRSSZ, Length: 3212 bp
franscript variant 2, mRNA, CDS: 135-1613
NM_ 005656.3 Exons: 1-78; 79-149 (second exon, and first

coding exon); 150-372; 373-459; 460-579; 580-
706; 707-817; 818-861; 862-1033; 1034-1209;
1210-1305; 1306-1448; 1448-1601; 1602-3204.

4 Homo sapiens TMPRSSZ, Length: 492 aa
transcript variant 2, protein Ectodomain: begins at W106.
5 Humanization Tmprss2 Length: 27,947 bp
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genomic fragment

1-84: mouse sequence

85-25175: human sequence (total 25091 bp)
25176-27866: Xhol-LoxP-Cassette-loxP-JCel/i-
Nael (total 2691 bp)

27867-27947: mouse sequence

6 Humanization Tmprss2 Length: 25,333bp
genomic fragment with cassetic 1-84: mouse sequence
deleted 85-25175: human sequence (total 25091 bp)
25176-25252: Xhol-loxP-ICeUI-Nael {77 bp)
25253-25333: mouse sequence
7 Humanized Tmprss2 protein Length: 491 aa
R Mus musculus Tmprssd, Length: 2267 bp
mRNA, NM _145403.2 CDS: 289-1596
Exons: 1-291 (first exon and first coding exon);
292-3285; 326-439; 440-592; 593-722; 723-824;
B25-865; 866-1025; 1026-1192; 1193-1291;
1292-1434; 1435-1584; 1585-2267.
9 Mus musculus Tmprssd, protein | Length: 435 aa
10 Homo sapiens TMPRES4, Length: 3543 bp
transcript variant 4, mRNA, CD5:292-1599
NM 0011735511 Exons: 1-294 (first exon and first coding exon};
285-328; 329-442; 443-595; 596-725; 726-827;
828-868; §69-1028; 1029-1195; 1196-1294;
1295-1437; 1438-1587; 1588-3529.
It Homeo sapiens TMPR334, Length: 437 aa
transcript variani 4, protein Ectodomain: begins at K54.
12 Humanization Tmprssd Length: 20,078 bp
genomic fragment containing 1-18: mouse sequence
cassette 19-5014: Sall/Xhol-LoxP-2Ubi-EM7-Neo-Pm-
Cre-loxP-ICeul-Nhel (total 4996 bp)
5015-19977: HUMAN sequence (total 14963 bp)
19978-20078: mouse sequence
13 Humanization Trmprss4 Length: 15159 bp
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genomic fragment with cassette

deleted

1-18: mouse sequence
19-95: Sall/Xhol-LoxP-ICeu/-Nhel (total 77 bp)
96-15058: HUMAN sequence {total 14963 bp)

15059-15159: mouse sequence

14 Humanized Tmprss4 Protein Length: 435 aa
5 Mus musculus Tmprss/ id, Length: 2046 bp
mRNA, NM_145561.2 CDS: 36-1285
Exons: 1-43 (first exon and first coding exon),
44-165, 166-284; 285-352; 353-507;508-546;
547-724; 725-984; 985-1127; 1128-2046.
16 Mus musculus Tmprssi1d, Length: 417 aa
protein
17 Homo sapiens TMPRSSIID, Length: 2804 bp
mRNA, NM 004262.2 CDS: 66-1322
Exons: 1-73 {first exon and first coding exon);
74-195; 196-314; 315-382; 383-540; 541-579;
580-757; 758-1017; 1018-1160; 1161-2783.
I8 Homo sapiens TMPRSSHID, Length: 418 aa
protein Ectodomain begins at A4Z.
19 Humanization Tmprssiid Length: 38,992
genomic fragment containing 1-19: mouse sequence
cassette 2(-33,946: HUMAN sequence {(total 33,827 bp)
33,947-38,942: Xhol-LoxP-4Ubi-EM7-Neo-Pm-
Cre-loxP-{Ceni-Nhel (total 4,996 bp)
38,943-38,992: mouse sequence
20 Humanization Twprssiid Length: 34,073 bp
genomic fragment with cassette 1-19: mouse sequence
deleted 20-33,946: HUMAN sequence {total 33,927 bp)
33,947-34,023: Xhol-LoxP-ICeuf-Nhel (77 bp)
34,024-34,073: mouse sequence
21 Humanized Tmprssi1d Protein | 41€3a
22 §' mouse/S' human junction §' mouse//5" human

sequence for Tmprss?
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humanization

]
[P

3" human/cassetie junction
sequence for Tmprss?

humanization

Human//Xhol//loxP Cassette

24

Cassette/3' mouse junction
sequence for Tmpras2

humanization

Casseite (loxPYICEUL/Nhel//mouse

25

3" human/loxP/3 mouse
junction for Trprss2

humanization

3" human//Xhol//(loxPYICEUV/Nhel//3 mouse

26-37

Primers and probes for loss of
allele and gain of allele assays

for Tmprss2 humanization

Table 1

38

§' mouse/Cassette junction
sequence for Tmprss4

humanization

5" mouse//Sall-Xhol//{loxP) Cassette

39

Cassette/ 5" human junction
sequence for Tmprss4

humanization

Cassette {{oxPYICEUL/Nhel//5" human

40

3 human/3' mouse junction
sequence for Tmprss4

humanization

3" human/3 mouse

41

5" mouse/loxP/5" human
junction for Tmprss4

humanization

5" mouse//Sall/Xhol//(fox Py HCEULY/Nhel//5 human

Primers and probes for loss of
allele and gain of allele assays

for Tmprss4 humanization

Table 2

57

5" mouse/5" human junction
sequence for Tmprssiid

humanization

5" mouse//5 human

58

3 human/cassette junction

sequence for Tmprssiid

3" human//Xhol//{joxP) Cassette
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humanization

59 Cassette/3' mouse junction Cassette (loxPYICEUL/Nhel//3" mouse
sequence for Tmprssild

humanization

60 3" human/loxP/3’ mouse 3" human//Xhol//{loxPyICEUL/Nhel//3" mouse
junction for Tmprssiid

humanization

61-72 | Primers and probes forloss of | Table 3
allele and gain of allele assays

for Tmprss i 1d humanization

Humanized Tmprss Rodent Animals

18057} In one aspect, the present invention provides rodent animals that contain in the
germiine a humanized Tmprss gene encoding a humanized Tmprss protein

{6038} The term "humanized”, when used in the context of nucleic acids or proteins,
refers to nucleic acids or proteins whose structures (1.e., nucleotide or amino acid sequences)
include portions that correspond substantially or wdentically with structures of a particular
gene or protein found in nature i a rodent animal, and also include portions that differ from
that found in the relevant rodent gene or protein and instead correspond more closely or
identically with structures found i a corresponding human gene or protein. A rodent
containing a humanized gene or expressing a himanized protein is a "humanized” rodent.
[6059] In some embodiments, a rodent of the present invention 18 selected from a mouse,
a rat, and a hamster. In some embodiments, a rodent of the present invention is selected
from the superfamily Muroidea. In some embodiments, a genetically modified rodent of the
present invention is from a family selected from Calomyscidae {e.g., mouse-like hamsters),
Cricetidae {e.g., hamster, New World rats and mice, voles), Muridae {true mice and rats,
gerbils, spiny mice, crested rats), Nesomyidae {chmbing mice, rock mice, with-tailed rats,
Malagasy rats and mice), Platacanthomyidae (e.g., spiny dormice), and Spalacidae (e.g.,
mole rates, bamboo rats, and zokors). In some certain embodiments, a genetically modified

rodent of the present invention 13 selected from a true mouse or rat (family Muridae}, a
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gerbil, a spiny mouse, and a crested rat. In some certain embodiments, a genetically
modified mouse of the present invention is from a member of the family Muridae.

[6060] In some embodiments, the rodent disclosed herein contains a humanized Tmprss
gene 1n the genome that includes a nucleotide sequence of an endogenous rodent Tmprss
gene and a nucleotide sequence of a human TMPRSS gene, wherein the nucleotide sequence
of the endogenous rodent Tmprss gene and the nucleotide sequence of the human TMPRSS
gene are operably linked to each other such that the humanized Tmprss gene encodes a
Tmprss protein and 18 under conirol of a 5" regulatory clement(s), such as the promoter
and/or enhancer(s), of the endogenous rodent Tmprss gene.

16061 The present invention is particularly directed to like-for-like humanization; in
other words, a nucleotide sequence of an endogenous rodent Tamprss gene 1s operably hinked
to a nucleotide sequence of a cognate human TMPRSS gene to form a humanized gene. For
example, in some embodiments, a nucleotide sequence of an endogenous rodent Tmprss2
gene is operably linked to a nucleotide sequence of a human TMPRSSZ gene to form a
humanized Tmprss? gene. In other embodiments, a nucleotide sequence of an endogenous
rodent Tmprss4 gene is operably linked to a nucleotide sequence of a human TMPRSS4 gene
to form a humanized Tmprss4 gene. In still other embodiments, a mucleotide sequence of an
endogenous rodent Tmprss] 1d gene is operably linked to a nucleotide sequence of a human

TMPRSSTID gene to form a humanized Tmprss! Id gene.

16062] In some embodiments, a genetically modified rodent of this invention contains a
humanized Tmprss gene in its genome, wherein the humanized Tmprss gene encodes a
humanized Tmprss protein that contains an ectodomain that is substantially identical with
the ectodomain of a human TMPRSS protein. The term "ectodomain” refers to the portion
of a transmembrane protein that extends outside of the cell membrane, ie., the extracellular
portion of a transmembrane protein. The ectodomain of a TMPRSS molecule includes a
protease domain and a stem region that links the transmembrane domain with the protease
domain. By an ectodomain or polypeptide that is "substantially identical with the
ectodomain of a human TMPRSS protein”, it is meant in some embodiments, a polypeptide
that is at least 85%, 90%, 95%, 95%, 99% or 100% identical in sequence with the

ectodomain of a human TMPRSS protein; in some embodiments, a polypeptide that differs
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from the ectodomain of a human TMPRSS protein by not more than 10,9, 8, 7,6, 5,4, 3,2
or 1 amino acid(s); in some embodiments, a polypeptide that differs from the ectodomain of
a human TMPRSS protein only at the N- or C- terminus of the ectodomain, e.g., by lacking
amino acids or having additional amino acids at the at the N- or C- terminus of the
ectodomain; and in some embodiments, a polypeptide that 1s substantially the ectodomain of
a human TMPRSS protein. By "substantially the ectodomain” of a human TMPRSS protein,
it is meant a polypeptide that is identical with the ectodomain, or differs from the
ectodomain by lacking 1-5 (1.e., 1, 2, 3, 4 or §) amino acids or having additional 1-5 amino

acids at the N- or C-terminus.

16663] in some embodiments, the humanized Tmprss gene encodes a humanized Tmprss
protein that further contains a cytoplasmic and transmembrane portion that is substanfially
identical with the cytoplasmic and transmembrane portion of an endogenous rodent Tmprss
protein. By a cytoplasmic and transmembrane portion or polypeptide that is "substantially
identical with the cytoplasmic and transmembrane portion of an endogenous rodent Tmprss
protein”, it is meant in some embodiments, a polypeptide that is at least 85%, 90%, 95%,
95%, 99% or 100% identical in sequence with the cytoplasmic and transraembrane portion
of an endogenous rodent Traprss protein; in some embodiments, a polypeptide that differs
from the cytoplasmic and transmembrane portion of an endogenous rodent Tmprss protein
by not more than 10,9, 8,7, 6, 5, 4, 3, 2 or 1 anino acid{s); in some embodiments, a
polypeptide that differs from the cytoplasmic and transmembrane portion of an endogenous
rodent Tmprss protein only at the C- terminus, e.g., by lacking amino acids or having
additional amino acids at the at the C- terminus of the transmembrane domain; and in some
embodiments, a polypeptide composed of the cytoplasmic domain and substantially the
transmembrane domain of an endogenous rodent Tmprss protein. By "substantially the
transmembrane domain” of an endogenous rodent Tmprss protein, it 1s meant a polypeptide
that 1s identical with the transmembrane domamn, or differs from the transmembrane domain

by lacking 1-5 amino acids or having additional 1-5 amino acids at the C-terminus,

[6064] In some embodiments, the humanized Tmprss gene in the genome of a
genetically modified rodent inchudes a nucleotide sequence of an endogenous rodent Timprss

gene and a nucleotide sequence of a cognate human TMPRSS gene, wherein the nucleotide

20



sequence of the cognate human TMPRSS gene encodes a polypeptide substantially identical
to the ectodomain of the human TMPRSS protein encoded by the human TMPRSS gene. In
certain embodiments, the macleotide sequence of a cognate human TMPRSS geneina
humanized Tmprss gene encodes the ectodomain of the human TMPRSS protein encoded by

the human TMPRSS gene.

18065} In some embodiments, the humanized Tmprss gene in the genome of 2
genetically modified rodent includes a nucleotide sequence of an endogenous rodent Tmprss
gene and a nucleotide sequence of a cognate human TMPRSS gene, wherein the nucleotide
sequence of an endogenous rodent Tmprss gene encodes a polypeptide substantially
identical to the cytoplasmic and transmembrane portion of the endogenous rodent Tmprss
protein encoded by the rodent Tmprss gene. In specific embodiments, the nucleotide
sequence of an endogenous rodent Tmprss gene present in a humanized Tmprss gene
encodes the cytoplasmic and transmembrane domains of the endogenous rodent Tmprss
protein encoded by the endogenous rodent Tmprss gene.

16066] In some embodiments, a humanized Tmprss gene results from a replacement of a
nucleotide sequence of an endogenous rodent Tmprss gene at an endogenous rodent Tmprss

locus with a nucleotide sequence of a cognate human TMPRSS gene.

6067} In some embodiments, a contiguous genomic sequence of a rodent Tmprss gene
at an endogenous rodent Tmprss locus has been replaced with a contiguous genomic

sequence of a cognate human TMPRSS gene to form a humanized Thprss gene.

16068] In specific embodiments, a contiguous genomic sequence of a human TMPRSS
gene inserted nto an endogenous rodent Tmprss gene ncludes exons, 1o full or in part, of a
himan TMPRSS geune, that encode an ectodomain that is substantially identical with the

ectodomain of the human TMPRSS protein encoded by the human TMPRSS gene,

16069] In certain embodiments, the genomic sequence of an endogenous rodent Tmprss
gene that remains at an endogenous rodent Tmprss locus after the humanization replacement
and s operably linked to the mserted contiguous human TMPRSS genomic sequence

encodes a cytoplasmic and transmembrane portion that is substantially identical with the
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cytoplasmic and transmembrane portion of the endogenous rodent Tmprss protein encoded

by the endogenous rodent Tmprss gene.

16476} In circumstances where an endogenous Tmprss protein and a human TMPRSS
protein share common amino acids near the junction between the transmembrane domain
and the ectodomain, it may not be necessary to insert a haman TMPRSS genomic sequence
that encodes precisely the ectodomain of the human TMPRSS protein. It is possible to
msert a shightly longer or shorter genomic sequence of a human TMPRSS gene, which
encodes substantially the ectodomain of the human TMPRSS protein, in operable linkage to
a genomic sequence of an endogenous rodent Tmiprss gene that encodes the cytoplasmic
domain and substantially the transmembrane domain of the endogenous rodent Tmprss
protein, such that the humanized Traprss protein encoded by the resulting humanized
Tmprss gene includes an ectodomain that is identical with the ectodomain of the human
TMPRSS protein and a transmembrane domain that s identical with the transmembrane

domain of the endogenous rodent Tmprss protein.

16671] in some embodiments, the nuclectide sequence of a human T7MPRSS gene
included in a humanized Tmprss gene also includes the 3" untranslated region ("UTR") of
the human TMPRSS gene. In certain embodiments, m addition to the 3' UTR of 3 human
TMPRSS gene, a humanized Tmprss gene also includes an additional human genomic
sequence from the human TMPRSS gene locus, following the human TMPRSS 3 UTR. The
additional human genomic sequence can consist of at least 10-200 bp, e.g., 50 bp, 75 bp, 100
bp, 125 bp, 150 bp, 175 bp, 200 bp, or more, found in the human TMPRSS gene locus
immediately downstream of the 3" UTR of the human 7AM/PRSS gene. In other embodiments,
the mucleotide sequence of a human TMPRSS gene present in a humanized Tmprss gene
does not include a human 3" UTR; instead, the 3' UTR of an endogenous rodent Tmprss gene
is included and follows immediately the stop codon of the humanized Tmprss gene. For
example, a huranized Tmprss gene can include a nucleotide sequence of an endogenous
rodent Tmprss gene containing exon sequences encoding the cytoplasmic and
transmembrane domains of the endogenous rodent Tmprss protein, followed by a nucleotide

sequence of a human TMPRSS gene containing exon sequences encoding the ectodomain
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through the stop codon of the human TMPRSS protein, with the 3' UTR of the endogenous

rodent Tmprss gene folowing immediately after the stop codon.

(6672} In some embodiments, a humanized Tmprss gene results in an expression of the
encoded humanized Tmprss protein in a rodent. In some embodiments, a humanized
Tmprss protemn 15 expressed in a patiern comparable with, or substantially the same as, a
counterpart rodent Tmprss protein in a control rodent {e.g., a rodent without the humanized
Tmprss gene). Io some embodiments, a humanized Tmprss protein is expressed at a level
comparable with, or substantially the same as, a counterpart rodent Tmprss protein in a
control rodent {e.g., a rodent without the humanized Tmprss gene). In certain embodiments,
a humanized Toprss protein is expressed and detected at the cell surface. In certain
embodiments, a humanized Tmprss protein or a soluble form (e.g., a shed ectodomain form)
is expressed and detected in serum of a rodent, e.g., at a level comparable with, or
substantially the same as, a counterpart rodent Tmprss protein or a soluble form thereofin a
control rodent. o the context of comparing a humanized gene or protem in a humanized
rodent with an endogenous rodent gene or protein in a control rodent, the term "comparable”
means that the molecules or levels being compared may not be identical to one another but
are sufficiently similar to permit comparison there between so that conclusions may
reasonably be drawn based on differences or simtilarities observed; and the term
"substantially the same” in referring to expression levels means that the levels being
compared are not different from one another by more than 20%, 19%, 18%, 17%, 16%,

15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1%.

16473) In some embodiments, the present invention further provides an isolated cell or
tissue from a rodent animal as described herein. In some embodiments, a cell is selected
froms a dendritic cell, lymphocyie {e.g., a B or T cell}, macrophage and a monocyte. In some
embodiments, a tissue is selected from adipose, bladder, brain, breast, bone marrow, eye,
heart, mtestine, kidney, hiver, lung, lymph node, muscle, pancreas, plasma, serum, skin,

spleen, stomach, thymus, testis, ovum, and a combination thereof.

[6074] In some embodiments, the present invention provides a rodent embryonic stem
cell whose genome contains a humanized Tmprss gene as described herein. To some

embodiments, a rodent embryonic stem cell is a mouse embryonic stem cell. In other
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embodiments, a rodent embryonic stem cell is a rat embryonic stem cell. A rodent
erabryonic stem cell containing a humanized Tmprss gene in 18 genome can be used to

make a humanized rodent animal, as further described herein below.

18075] In some embodiments, a rodent provided herein s heterozygous for a humanized
Tmprss gene in ifs gevorse. In other embodiments, a rodent provided heren 15 homozygous

for a humanized Tmprss gene in its genome.

[6876] In certain embodiments, a rodent includes multiple, t.e., two or more, humanized
Tmprss genes in its genome. In other words, two or more different endogenous Tmprss loci
in a rodent have been humanized using nucleotide sequences of cognate human 7AMPRSS
genes. For example, a rodent has been huomanized at two or more of the gene loci selected

from: Tmprss2, Tmprss4, and Tmprssiid.

66771 Exemplary humanized Tmprss? rodents (such as mice), humanmzed Tmprssd
rodents (such as mice), and humanized Tmprss! Id rodents (such as raice) are further

described below.
Humanized Tmprss2 Rodents

[6078] In some embodiments, this invention provides a rodent whose genome contains a
humanized TmprssZ gene that includes a sucleotide sequence of an endogenous rodent
Tmprss2 gene and a nucleotide sequence of g human TMPRSS? gene, and that 1s under
control of a 53" regulatory element(s), such as the promoter and/or enhancer(s}, of the

endogenous rodent Tmprss2 gene. Examples of rodents include mice and rats.

[6079] In some embodiments, a humanized Tmprss2 gene encodes a humanized
Tmprss2 protein that contains an ectodomain that is substantially identical with the

ectodomain of a human TMPRSS?2 protein.

[6080] In specific embodiments, the human TMPRSS2 protein has an amino acid
sequence having at least 85%, 90%, 95%, 98%, 99% or 100% identity with the amino acid

sequence as set forth in SEQ 1D NO: 4.

[6081] In some embodiments, a humanized Tmprss2 protein containg the C-terminal 387

amino acids of a human TMPRSS2 protein, for example, amino acids 106 to 492 of a human
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TMPRSSZ protein. In some embodiments, 2 humanized Tmprss2 protein contains an
ectodomain that is substantially identical with the amino acid sequence composed of W106
to G492 of SEQ ID NO: 4. In specific embodiments, a humanized Tmprss2 protein contains
an ectodomain having at least 85%, 90%, 95%, 98%., 99% or 100% wdentity with the amino
acid sequence composed of W106to G492 of SEQ ID NO: 4; an ectodomain that differs
from the amino acid sequence composed of W106 to G492 of SEQ ID NO: 4 by not more
than 10,9, 8,7, 6, 5,4, 3, 2 or | amino acid(s); or an ectodomain that differs from the amino
acid sequence composed of W106 to G492 of SEQ ID NO: 4 only at the N- or C- terminus
of the ectodomain, e.g., lacking 1-5 amino acids or having additional 1-5 amino acids at the

at the N- or C- terminus.

6082} In some embodiments, a humanized Trmprss2 protein further contains a
cytoplasmic and transmembrane portion that is substantially identical with the cytoplasmic
and fransmembrane portion of an endogenous rodent Tmprss2 protein. In some
embodiments, a humanized Tmprss? protein further includes the transmwembrane domain and

the cytoplasmic domain of an endogenous rodent Tmprss2 protein.

16083} In specific embodiments, a humanized Trmprss2 protein contains the
transmerabrane domain and the cytoplasmic domain of an endogenous rodent Tmprss?2
protein, and the ectodomain of a human TMPRSS?2 protein. In particular embodiments, a
humanized Tmprss2 gene encodes a humanized Tmprss2 protein having the amino acid

sequence as set forth 1n SEQ ID NO: 7.

6684} In some embodiments, a humanized TmprssZ gene results from a replacement of
a nucleotide sequence of an endogenous rodent TmprssZ gene at an endogenous rodent

Tmprss2 locus with a nucleotide sequence of a human TMPRSS? gene.

[6085] In some embodiments, a contiguous genomic sequence of an endogenous rodent
Tmprss2 gene at an endogenous rodent Tmprss? locus has been replaced with a contiguous

genomic sequence of a human TMPRSS? gene to form a humanized Tmprss? gene.

16086] In specific embodiments, the contiguous genomic sequence of a human
TMPRSS2 gene wnserted 1nto an endogenous rodent Thmprss? gene includes exon sequences,

i.¢., exons in full or in part, of 2 human TMPRSS?2 gene, that encode an ectodomain that is
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substantially identical to the ectodomain of the human TMPRSS2 protein encoded by the
human TMPRSS? gene. In circumstances where an endogenous Tmprss2 protein and a
human TMPRSS?2 protein share common amino acids near the junction of the
transmembrane dornain and the ectodomain, it may not be necessary to insert a human
TMPRSSZ genomic sequence that encodes precisely the ectodomain of the human
TMPRSS2 protein, and 1t 1s possible to use a shightly longer or shorter human TAMPRSS2
genomic sequence that encodes substantially the ectodomain of a human TMPRES2 protemn
in order to make a hurnanized Tmprss?2 protein having an ectodomain that 1s identical with

the ectodomain of the human TMPRSS2 protein.

{G087] in specific embodiments, a contiguous genomic sequence of a human TMPRSES2
gene being mserted into an endogenous rodent Tmprss2 gene contains at least coding exon 4

through the stop codon in coding exon 13 of the human TAMPRIS2 gene.

[6G88] In certain embodiments, a contiguous genomic sequence of a human TMPRSS2
gene being mserted into an endogenous rodent Tmprss? gene contains mntron 3 and coding
exon 4 through the stop codon in coding exon 13 of the human TMPRIS2 gene. In
particular embodiments, a contignous genomic sequence of a human TAMPRSIS2 gene being
mserted into an endogenous rodent Tmprss 2 gene contains a 3' portion of coding exon 3,
intron 3, and coding exon 4 through the stop codon in coding exon 13 of the human
TMPRSS2 gene. In specific embodiments, the 3’ portion of coding exon 3 of a human
TMPRSSZ gene included in the humanization is about 5-10 base pair in length, 1.¢., about 5,

6,7, 8, 9 or 10 base pair of the 3' end of coding exon 3.

16689] In some embodiments, a contiguous genomic sequence of a human TMPRSS?
gene being inserted into an endogenous rodent Tmprss? gene also containg the 3' UTR of the
human TMPRSS2 gene. In specific embodiments, the entire coding exon 13 of a human
TMPRSS2 gene is included in the contiguous human TAMPRSS2 genomic sequence for
humanization, which includes the 3' UTR of the human TMPRSS2 gene. In particular
embodiments, a configuous genomic sequence of a human 7TMPRSSZ gene includes an
additional human genomic sequence downstream of the 3' UTR of the human TMPRSS2

gene. The additional human genomic sequence can be a sequence of at least 10-200 bp, or
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at least 10, 20, 30, 40, 50, 75, 100, 125, 150, 175, or 200 bp, that is found immediately
downstream of the 3' UTR of the human TMPRSS?Z gene at a hursan TAMPRSS? locus.

(6096} In some embodiments, the nucleotide sequence of an endogenous rodent Tmprss2
gene remaining at a humanized Tmprss? locus encodes a polypeptide that is substantially
identical with the cytoplasmic and transmembrane portion of the endogenous rodent
Tmprss? protein. In circumstances where an endogenous Trprss2 protein and a human
TMPRSS2 protein share common amino acids near the junction of the transmembrane
domain and the ectodomain, it may not be necessary {o maintain the endogenous rodent
Tmprss2 genomic sequence that encodes precisely the fransmembrane domain of the
endogenous rodent Tmprss? protein, and it is possible to maintain a slightly longer or
shorter rodent Tmprss? genomic sequence that encodes substantially the fransmembrane
domain of the endogenous rodent Tmprss2 protein in the humanization replacement in order
to encode a humanized Tmprss?2 protein having a transmembrane domain that is identical
with the transmhembrane of the endogenous rodent Tmprss? proten. In some embodiments,
the mucleotide sequence of an endogenous rodent Tmprss2 gene remaining at 3 humanized
Tmprss2 tocus 1nctudes exons 1-2 and a 5" portion of coding exon 3 of an endogenous rodent
Tmprss2 gene, wherein the 5' portion of coding exon 3 is a substantial portion of codon exon

3, e.g., the entire coding exon 3 except 5-10 base pairs at the 3" end of coding exon 3.

(6091} In specific embodiments, a humanized Tmprss2 gene contains coding exons 1-2
and a 5' portion of coding exon 3 of an endogenous rodent Tmprss? gene, and 3 3' portion of
coding exon 3 and coding exon 4 through coding exon 13 of a human TAMPRSS2 gene,
wherein the humanized TmprssZ gene encodes a humanized Timprss2 protein that contains a
cytoplasmic and transmembrane portion that is substantially identical with the cytoplasnuc
and fransmermbrane portion of the rodent Tmprss2 protein, and an ectodomain that 1s
substantially identical with the ectodomain of the human TMPRSS2 protein. In certain
emabodiments, the humanized Tmprss2 gene encodes a hurmnanized Tmprss?2 protein that
contains the cytoplasmic domain and the transmembrane domain of the rodent Tmprss2
protein encoded by an endogenous rodent Tmprss? gene, and the ectodomain of the human

TMPRSSZ protein encoded by a human TMPRSS? gene. In particular embodiments, a
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humanized Tmprss? gene encodes a humanized Tmprss2 protein having the amino acid

sequence as set forth in SEQ ID NGy 7.

(6492} In some embodiments, the exons and introns of a human TAMPRSS2 genc and a
rodent Tmprss2 gene used in the humanization are those found in SEQ ID NOS: 1, 3 and 5-

6.

16893] in some embodiments, a humanized Tmprss? gene results in an expression of the
encoded humanized Tmprss2 protein in a rodent. In some embodiments, a humanized
Tmprss2 protein is expressed in a pattern comparable with, or substantially the same as, a
counterpart rodent Tmprss2 protein in a control rodent (e.g., a rodent without the humanized
Tmprss2 gene). In some embodiments, a humanized Tomprss2 protein is expressed at a level
comparable with, or substantially the same as, a counterpart rodent Tmprss2 proteinina
control rodent {e.g., a rodent without the humanized Tmprss2 gene). To certain
embodiments, a humanized Tmprss2 protein is expressed and detected at the cell surface. In
certain emmbodiments, a humanized Tmprss2 protein or a soluble form (e.g., a shed
ectodomain form) is expressed and detected 1n serum of a rodent, e.g., at a level comparable
with, or substantially the same as, a counterpart rodent Tmprss2 protein or a soluble form

thereof in a control rodent.
Humanized Tmprss4 Rodents

[6494) In some embodiments, this invention provides a rodent whose genome contains a
humanized Tmprss4 gene that includes a nucleotide sequence of an endogenous rodent
Tmprss4 gene and a nucleotide sequence of a human TMPRSSY gene, and that 1s under
control of a 3' regulatory clement(s), such as the promoter and/or an enhancer(s), of the

endogenous rodent Tmprss4 gene. Examples of rodents include mice and rats.

[6495] In some embodiments, a humanized Tmprss4 gene encodes a humanized
Tmprss4d protein that contains an ectodomain that 1s substantially identical with the
ectodomain of a human TMPRSS4 protein. In specific embodiments, the buman TMPRSS4
protein has an amino acid sequence having at least 85%, 90%, 95%, 98%, 99% or 100%

identity with the amino acid sequence as set forth in SEQ ID NO: 11
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16096} In some embodiments, a humanized Timprss4 protein contains the C-terminal 384
araino acids of a human TMPRSS4 protein, for example, amsino acids 54 to 437 of a human
TMPRSS4 protein. In some embodiments, 3 humanized Tmprss4 protein contains an
ectodomain that 1s substantially identical with the amsino acid sequence composed of K54 to
LA437 of SEQ ID NG: 11, In specific embodiments, 3 humanized Tmiprssd protein contains
an ectodomain having at least 85%, 90%, 95%, 98%, 99% or 100% identity with the amino
acid sequence composed of K54 to 1437 of SEQ 1D NG: 11; an ectodomain that differs from
the amino acid sequence composed of K54 to 1437 of SEQ ID NO: 11 by not more than 10,
9,8,7,6,5,4,3,2 or | amino acid(s); or an ectodomain that differs from the amino acid
sequence composed of K54 to L4337 of SEQ 1D NO: 11 only at the N- or C- terminus of the
ectodomain, e.g., lacking 1-5 amino acids or baving additional 1-5 amino acids at the N- or

C- terminus.

[6697] In some embodiments, a humanized Tmprssd protein further contains a
cytoplasmic and transmewmbrane portion that is substantially identical with the cytoplasmic
and transmembrane portion of an endogenous rodent Tmprss4 protein. In some
embodiments, a hamanized Troprss4 proten further includes the transmersbrane domain and

the cytoplasmic domain of an endogenous rodent Tmprss4 protein.

[6098] In specific embodiments, a humanized Tmprss4 protein contains the
transmembrane domain and the cytoplasmic domain of an endogenous rodent Troprssd
protein, and the ectodomain of a human TMPRSS4 protein. In particular embodiments, a
humanized Tmprss4 gene encodes a humanized Tmprssd protein having the amino acid
sequence as set forth in SEQ 1D NO: 14,

[6499] In some embodiments, a humanized Tmprss4 gene results from a replacement of
a mucleotide sequence of an endogenous rodent Tmprss4 gene at an endogenous rodent
Tmprss4 locus with a nucleotide sequence of a human TMPRIS4 gene.

1601061 In some embodiments, a contiguous genomic sequence of an endogenous rodent

Tmprss4 gene at an endogenous rodent Tmprss4 locus has been replaced with a contiguous

genomic sequence of a human TMPRSSY gene to form a humanized Tmprss4 gene.
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180161] In specific embodiments, the contiguous genomic sequence of a human
TMPRES54 gene mserted into an endogenous rodent Tmprss4 gene includes exon sequences,
i.¢., exons in full or in part, of a human TMPRSS4 gene that encode an ectodomain that is
substantially identical with the ectodomain of the human TMPRSS4 protein encoded by the
human TAMPRSIS4 gene. In circumstances where an endogenous Tmprss4 protein and a
human TMPRSS4 protein share common amino acids near the junction of the
transmembrane domain and the ectodomain, it may not be necessary to insert a human
TMPRSS4 genomic sequence that encodes precisely the ectodomain of the human
TMPRSS4 protein, and i 1s possible to use a slightly longer or shorter hursan TAMPRSS4
genomic sequence that encodes substantially the ectodomain of 3 human TMPRSS4 protein
in order to make a humanized Tmprssd protein having an ectodomain that is identical with

the ectodomain of the human TMPRSS4 protein.

[00162] In specific embodiments, a contiguous genomic sequence of a8 human TMPRSS4
gene being inserted into an endogenous rodent Tmprss4 gene countains at least coding exon 4

through the stop codon in coding exon 13 of the human TMPRSS4 gene.

160103}  In certain embodiments, a contiguous genomic sequence of a human TMPRSS4
gene being inserted into an endogenous rodent Tmprss4 gene includes a 3' portion of infron
3, and coding exon 4 through the stop codon in coding exon 13 of a human TMPRSS4 gene,
In specific embodiments, the 3' portion of intron 3 of a human TMPRSS4 gene included in
the humanization is about 140-160 base pair in length, 1.e., about 140, 145, 150, 155, 160

base pair of the 3’ end of infron 3.

160164] In some embodiments, a contiguous genomic sequence of a human TMPRSSY
gene being inserted into an endogenous rodent Tmprss4 gene contains the 3" UTR of the
human TMPRSS4 gene. In specific embodiments, a contignous genomic sequence of a
human TMPRSS4 gene being inserted tnto an endogenous rodent Tmprss4 gene does not
contain the 3' UTR of the human TMPRSS4 gene, and the 3' UTR of the endogenous rodent

Tmprssd gene follows immediately afler the stop codon m the humanized Tmprssd gene..

[6¢165]  In some embodiments, the nucleotide sequence of an endogenous rodent Tmprss4

gene remaining at a humanized Tmprss4 locus encodes a polypeptide that is substantially
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identical with the cytoplasmic and transmembrane portion of the endogenous rodent
Truprssd protein. In circumstances where an endogenous Tmprss4 proten and a human
TMPRSS4 protein share common amino acids near the junction of the transmembrane
domain and the ectodomain, 1t may not be necessary to maintain the endogenous rodent
Tmprss4 genomic sequence that encodes precisely the transmembrane domain of the
endogenous rodent Tmprssd protein, and it is possible to maintain a slightly longer or
shorter rodent Tmprss4 genomic sequence that encodes substantially the transmembrane
domain of the endogenous rodent Tmprss4 protein in the humanization replacement 1 order
to encode a humanized Tmprss4 protein having a fransmerbrane domain that is identical

with the transmembrane of the endogenous rodent Timprss4 protein.

[60106] In specific embodiments, a humanized Tmprss4 gene contains coding exons 1-3
of an endogenous rodent Tmpres4 gene, and coding exon 4 through the stop codon of coding
exon 13 of a human TAMPRSSY gene. In particular embodiments, 2 humanized Tmprss4 gene
contains coding exons 1-3 and a 5 portion of intron 3 of an endogenous rodent Tmprasd
gene, and a 3' portion of intron 3 and coding exon 4 through the stop codon of coding exon
13 of a human TMPRSS4 gene., In certain embodiments, the humanized Tmprss4 gene
encodes a humanized Tmprssd protein that contains the cytoplasmic domain and the
transmembrane domain of the rodent Tmprssd protein encoded by an endogenous rodent
Tmprss4 geoe, and the ectodomain of the human TMPRSS84 protein encoded by a human
TMPRSS4 gene. In particular embodiments, a humanized Tmprss4 gene encodes a

humanized Truprssd protein having the amino acid sequence as set forth in SEQ ID NO: 14,

[6¢167]  In some embodiments, the exons and introns of a human TAMPRSS4 gencand a
rodent Tmprss4 gene used in the humanization are those found in SEQ D NOS: §, 10 and
12-13.

601081  In some embodiments, a humanized Tmprss4 gene results in an expression of the
encoded humanized Tmprss4 protein in a rodent. In some embodiments, a humanized
Truprssd protein is expressed in a pattern comparable with, or substantially the same as, a
counterpart rodent Tmprss4 protein in a control rodent (e.g., a rodent without the humanized
Tmprss4 gene encoding the humanmized Tmprss4 protein). In some embodiments, a

humanized Tmprssd protein is expressed at a level comparable with, or substantially the
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same as, a counterpart rodent Tmprss4 protein in a control rodent {e.g., a rodent without the
humanized Tmprasd gene encoding the humanized Tmprssd protein). In certain
embodiments, a hwmanized Tmprssd protein is expressed and detected at the cell surface. In
certain embodiments, a humanized Tmprssd protein or a soluble form (e.g., a shed
ectodomain form) is expressed and detected 1n serum of a rodent, e.g., at a level comparable
with, or substantially the same as, a counterpart rodent Tmprss4 protein or a soluble form

thereof in a control rodent.
Humanized Tmprsslid Rodents

(60109}  In some embodiments, this invention provides a rodent whose genome contains a
humanized Tmprssild gene that includes a mucleotide sequence of an endogenous rodent
Tmprssl1d gene and a nucleotide sequence of a human TMPRSS! 1D gene, and that is under
control of a 53" regulatory element(s), such as the promoter and/or enhancer(s) of the

endogenous rodent Tmprss! Id gene. Examples of rodents include mice and rats.

60118}  In some embodiments, a humanized Tmprss/ Id gene encodes a humanized
Tmprss11d protein that contains an ectodomain that is substantially identical with the

ectodomain of a human TMPRSS11D protein.

60111} In specific embodiments, the human TMPRSS11D protein has an amino acid
sequence having at least 85%, 90%, 95%, 98%, 99% or 100% identity with the amino acid

sequence as set forth in SEQ 1D NO: 18,

(60112}  In some embodiments, a humanized Tnprssi1d protein contains the C-terminal
377 amuno acids of a human TMPRSS LD protein, for example, amino acids 42 10 418 of a
human TMPRSS11D protein. In some embodiments, a humanized Tmprssild protein
contains an ectodomain that is substantially identical with the anuno acid sequence
composed of A42 to 1418 of SEQ ID NO: 18, In specific embodiments, a humanized
Tmprssl 1d protein contains an ectodomain having at least 85%, 90%, 95%, 98%, 99% or
100% identity with the amino acid sequence composed of A42 to 1418 of SEQ D NO: 15,
an ectodomain that differs from the amino acid sequence composed of A42 to 1418 of SEQ
D NOG: 18 by not more than 10, 9,8, 7, 6, 5, 4, 3, 2 or | amino acid(s); or an ectodomam

that differs from the amino acid sequence composed of A42 to 1418 of SEQ ID NO: 18 only
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at the N- or C- terminus, e.g., by lacking 1-5 amino acids or having additional 1-5 amino

acids at the N- or C- terminus.

[6¢113] In some embodiments, a humanized Tmprss] 1d protein further contains a
cytoplasmic and transmembrane portion that 1s substantially identical with the cytoplasmic
and fransmermbrane portion of an endogenous rodent Troprssld protein. In some
embodiments, a humanized Tmprsst 1d protein includes the transmembrane domain and the

cytoplasmic domain of an endogenous rodent Traprss11d protein.

[6¢114] In specific embodiments, a humanized Tmprsst 1d protein contains the
transmembrane domain and the cytoplasmic domain of an endogenous rodent Tmprss1id
protein, and the ectodomain of a human TMPRSS1ID protein. In particular embodiments, a
humanized Tmprssl Id gene encodes a humanized Tmprsst 1d protein having the amino acid

sequence as set forth in SEQ IDNO: 21

166115} In some embodiments, a humanized Tmprssi Id gene results from a replacement
of a nucleotide sequence of an endogenous rodent Tmprss] Id gene at an endogenous rodent

Tmprsslld locus with a nucleotide sequence of a human TMPRSSI 1D gene.

[60116] In some embodiments, a contiguous genomic sequence of an endogenous rodent
Tmprss]1d gene at an endogenous rodent Tmprssi /d locus has been replaced with a
contiguous genomic sequence of a hursan TAMPRSSTID gene to form a humanized
Tmprssiid gene. In specific embodiments, the contiguous genomic sequence of a human
TMPRSS11D gene inserted into an endogenous rodent Tmprssi Id gene inchudes exon
sequences, 1.e., exons in full or in part, of a buman TMPRSSIID gene that encede an
ectodomain that is substantially wdentical with the ectodomain of the human TMPRSS11ID
protein encoded by the human TAMPRSSTID gene. In circumstances where an endogenous
Tmprss!id protein and a human TMPRSS11D protein share conmymon amino acids near the
junction of the transtnembrane domain and the ectodomain, 1t may not be necessary to insert
a human TMPRSS1I D genomic sequence that encodes precisely the ectodomain of the
human TMPRSS11D protein, and it is possible to use a shightly longer or shorter human

TMPRSST1D genomic sequence that encodes substantially the ectodomain of a human
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TMPRSS11D protein in order to make a humanized Tmprss! 1d protein having an

ectodomain that is wdentical with the ectodomain of the haman TMPRSS 11D protein.

[8¢117] In specific embodiments, a contiguous genomic sequence of a human
TMPRSS11D gene being inserted into an endogenous rodent Tmprss’ Id gene contams at
least coding exon 3 through the stop codon in coding exon 10 of a human TMPRSSTID

gene.

[80118] In certain embodiments, a contiguous genomic sequence of a human
TMPRSS11D gene being inserted into an endogenous rodent Tmprss ! /d gene contains at
least a 3' portion of intron 2 and coding exon 3 through the stop codon in coding exon 10 of
the human TMPRSSTID gene. In specific embodiments, the 3' portion of intron 2 of a

human TMPRSS? gene included in the humanization is about 444 base pairs in length.

[60119]  In some embodiments, a contiguous genomic sequence of a human TMPRSSTID
gene being inserted into an endogenous rodent Tmprss! 1d gene contains the 3' UTR of the
human TMPRSS11D gene. In specific embodiments, the entive coding exon 10 of a human
TMPRSSI1D gene is included n the contiguous human TMPRSST 1D genomic sequence for
humanization, which includes the 3 UTR of a human TMPRSSTID gene. In particular
emabodiments, a contiguous genomic sequence of a human TMPRSSTID gene includes an
additional human genomic sequence downstream of the 3' UTR of the buman TMPRSSIID
gene. The additional human genomic sequence can be a sequence of 10-200 bp, 50-200 bp,
or about 150, 160, 170, 180 bp, that is found immediately downstream of the 3 UTR of the
human TMPRSSI1D gene at 3 human TMPRSST1D locus.

[60128] In some embodiments, the nucleotide sequence of an endogenous rodent
TmprssiId gene remaining at a humanized Tmprssf 1d locus encodes a polypeptide that is
substantially identical with the cytoplasmic and transmembrane portion of the endogenous
rodent Tmprssl 1d protein encoded by the endogenous rodent Tmprss7d gene, In
circumstances where an endogenous Tmprss 1d protein and a human TMPRSS11D protein
share common amino acids near the junction of the transmembrane domain and the
ectodomain, it may not be necessary to maintain the endogenous rodent Tmprss {d genomic

segquence that encodes precisely the transmembrane domain of the endogenous rodent
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Tmprsslld protein, and it is possible to maintain a slightly longer or shorter rodent
TmprasiId genomic sequence that encodes substantially the transmembrane domain of the
endogenous rodent Tmprss!1d protein in the humanization replacement in order to encode a
humanized Tmprss] 1d protein having a transmembrane domain that is identical with the

transmembrane of the endogenous rodent Tmprss11d protein.

160121} In specific embodiments, a humanized Tmprss? /d gene contains coding exons 1-
2 of an endogenous rodent Tmprssi Id gene, and coding exon 3 through coding exon 10 of a
human TMPRSSIID gene. In certain embodiments, the humanized Tmprss!1d gene
encodes a humanized Tmprss1 1d protein that contains the cytoplasmic domain and the
transmembrane domain of the rodent Tmprss11d protein encoded by an endogenous rodent
Tmprssiid gene, and the ectodomain of the human TMPRSS 1D protein encoded by a
himan TMPRSSI1D gene. In particular embodiments, a humanized Tmprssid gene
encodes a humanized Tmprss! Id protein having the amino acid sequence as set forth in

SEQ ID NO: 21.

1601221 In some embodiments, the exons and introns of g human TMPRSSTID gene and
a rodent Tmprss11d gene used in the humanization are those found in SEQ 1D NOS: 15, 17
and 19-20.

[66123] In some embodiments, a humanized Tmprss{ 1D gene results in an expression of
the encoded humanized Tmprsslid protein in a rodent. In some embodiments, a humanized
Tmprss11d protein 1s expressed in a pattern corparable with, or substantially the same as, a
counterpart rodent Tmprss! 1d protein in a control rodent {(e.g., a rodent without the
humanized Tmprssf7d gene encoding the humanized Tmprss] 1d protein). In some
embodiments, a humanized Trprssi 1d protein is expressed at a level comparable with, or
substantially the same as, a counterpart rodent Tmprss1 1d protein in a control rodent (e.g., a
rodent without the humanized Tmprssi 7d gene encoding the humanized Tmprssiid
protein). In certain embodiments, a humanized Tmprss 1 1d protein is expressed and detected
at the cell surtace. In certain ernbodiments, a humanized Troprssi id protewn or a soluble
form {e.g., a shed ectodomain form) is expressed and detected in serum of a rodent, ¢.g., at a
level comparable with, or substantially the same as, a counterpart rodent Troprss i 1d proten

or a soluble form thereof in a control rodent,
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Methods of Making Humanized Tmprss Bodent Animals

180124] Further aspects of this disclosure are directed to methods for making a
humanized Tmprss rodent described above, as well as nucleic acid vectors and non-human

embryounic stem cells suitable for use in making a humanized Tmprss rodent.

601251 The rodents provided herein can be made using methods known in the art. In
exemplary embodiments, a bacterial artificial chromosome (BAC) clone carrying a rodent
Tmprss gene can be modified using bacterial homologous recormbination and
VELOCIGENE® technology (see, e.g., U.S. 6,586,251 and Valenzuela ef al. (2003}, High-
throughput engineering of the mouse genome coupled with high-resolution expression
analysis, Nature Biotech. 21{6):652-659). As a result, a rodent Tmprss nucleotide sequence
has been deleted from the original BAC clone, and a human Tmprss nuclectide sequence has
been inserted, resuliing 1o a modified BAC clone carrying a humanized Tmprss gene,
flanked with 5" and 3' rodent homology arms. The modified BAC clone, once linearized,
can be introduced into rodent embryonic stem (ES) by, ¢.g., electroporation. Both mouse ES
cells and rat ES cells have been described in the art. See, e.g., US 7,576,259, US 7,659,442,
US 7,294,754, and US 2008-0078000 Al (all of which are incorporated heremn by reference)
describe mouse ES cells and the VELOCIMOUSE® method for making a genetically
modified mouse; US 2014/0235933 A1, US 2014/0310828 A1, Tong ef al. (2010) Nature
467:211-215, and Tong et al. (2011) Nat Protoc. 6(6): do1:10.1038/nprot.2011.338 (all of
which are incorporated herein by reference) describe rat ES cells and methods for making a

genetically modified rat,

[60126] ES cells having a humanized Tmprss gene integrated 1o the genome can be
selected. In some embodiments, ES cells having a humanized 7Tmprss integrated into an
endogenous rodent Tmprss locus can be selected based on loss of rodent allele and/or gain of
human allele assays. Selected ES cells are then used as donor ES cells for injection into a
pre-morila stage embryo (e.g., 8-cell stage embryo) by using the VELOCIMOUSE®
method (see, e.g., US 7,576,259, US 7,659,442, US 7,294,754, and US 2008-0078000 A1),
or methods described in US 2014/0235933 Al and US 2014/0310828 Al. The embryo
comprising the donor ES cells is incubated until blastocyst stage and then implanted into a

surrogate mother o produce an FO rodent fully derived from the donor ES cells. Rodent
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pups bearing the humanized Tmprss gene can be identitied by genotyping of DNA isolated

from tail snips using loss of rodent allele and/or gain of human allele assays.

[6¢127] Rodents heterozygous for a humanized Tmprss gene can be crossed to generated
homozygous rodents. Rodents containing one humanized Tmprss gene can be crossed with
rodents containing another humanized Tmprss gene to make rodeunts containing muliiple

humanized Tmprss genes. For example, rodents containing a humanized Tmprss2 gene can
be crossed with rodents containing a humanized Tmprss4 gene to make rodents containing a

humanized Tmprss2 gene and a humanized Tmprss4 gene.
Methods Employing Rodents Having Humanized Tmprss Genes

601281 Rodents disclosed herein provide a useful in vive system and source of biological
materials (e.g., cells) expressing humanized Tmprss proteins for identitying and testing
compounds that specifically target human TMPRSS proteins,

1661291 In one aspect, a rodent disclosed herein s used to determine the ability of a
candidate compound, such as an inhibitor of a human TMPRSS protein, to treat and/or
prevent influenza virus wnfection.

1681301 In some embodiments, a rodent containing a humanized Tmprss gene and
expressing a humanized Tmprss protein disclosed herein is administered with a candidate
compound prior to experimental influenza virus infection. The prophylactic efficacy of the
compound can be evaluated by determining whether the rodent exhibits fewer and/or less
severe symptoms of influenza virus infection, and/or improved viability, as compared to
control rodent(s).

166131  In other embodiments, a rodent containing a humanized Tmprss gene and
expressing a humanized Tmprss protein comprising the ectodomain of a human TMPRSS
protein is administered with a candidate inhibitor of that human TMPRSS protein after
experimental influenza virus infection. The treatment efficacy of the candidate inhibitor can
be evaluated by determining whether the rodent exhubits fewer and/or less severe symptoms
of influenza virus wnfection, and/or improved viability, as compared to control rodent(s).
(60132}  Switable control rodents include, e.g., rodents containing a humanized Tmprss
gene without being subjected to the expenimental infection; and rodents containing a

humanized Tmprss gene subjected to the experimental infection without any compound; and
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rodents containing a humanized Tmprss gene subjected to the experimental infection and a
compound known to be therapeutically effective.

(80133} Compounds that can be evaluated in the methods of this invention include
candidate TMPRSS inhibitors, for example, a small molecule protease mhibitor, a nucleic
acid-based inhibitor (e.g., siRNA, ribozyme, antisense counstruct, etc.), antigen-binding
protein {e.g., antibody or antigen-binding fragment thereot), or a blocking peptide/peptide
inhibitor. A TMPRSS inhibitor may function by inhibiting or reducing the ability of a
TMPRSS protein to proteolytically cleave hemagglutinin precursor protein (HAQ) into the
HA1T and HAZ subuniis.

168134} In some embodiments, a candidate inhibitor is an antibody or antigen-binding
fragmeut thereof. Both monoclonal and polyclonal antibodies are suitable for purposes of
this mvention. In specific embodiments, the antibody specitically binds to a TMPRSS
protein and inhibits the protease activity of that TMPRSS protein and does not substantially
inhibit the protease activity of another TMPRSS protein. For example, an anti-TMPRSS2
antibody inhibitor specifically binds to a TMPRSS2 protein and inhibits the protease activity
of the TMPRES2 protein, and has no effect on the proteolvtic activity of TMPRSS4 or
TMPRSS11D, or reduces the proteolytic activity of TMPRSS4 or TMPRSS11D by no more
than 25% (e.g., by 20%, 15%, 10%, 5%, or less) relative to a non-inhibitory control
molecule tested under identical or substantially identical experimental conditions.

{60135  In some embodiments, the mhibitor 1s an anti-TMPRSS2 antibody or antigen-
binding fragment thereof. In some embodiments, the inhibitor is an anti-TMPRSS4
antibody or antigen-binding fragment thercof, In other embodiments, the inhibitor 1s an
anti-TMPRSS11D antibody or antigen-binding fragment thereof.

160136] Experimental influenza virus infection can be induced and monitored following
known protocols. See, e.g., US 2013/02736G70 Al. For example, rodent animals can be
administered intranasally with influenza virus. The infected animals can be evaluated to
determine the symptoms and severity of the infection. For example, the animals can be
analyzed for (1) weight change and survival, (2} cellular changes via flow cytometry, (3)
immunochemistry, PAS and H&E staining of whole lungs, and (4) cytokine levels in serum.

Control animals known to be susceptible to the virus exhibit a significant increase in the
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frequency of dendritic celis, the levels influenza-positive alveolar macrophages, neutrophils

or epithelial cells in the hungs, and the levels of [FNy, as compared to uninfected animals.
EXAMPLES

1801371  The following examples are provided so as to describe to those of ordinary skill
in the art how to make and use methods and compositions of the invention, and are not
intended to limit the scope of what the inventors regard as their invention. Unless indicated

otherwise, temperature is indicated 1n Celsius, and pressure is at or near atmospheric.
Example 1. Humanization of an endogenous Tmprss? gene.

[60138] This example illustrates exemplary methods of humanizing an endogenous gene
encoding Tmprss? in a rodent (e.g., a mouse). The methods described o this example can
be employed to humanize an endogenous Tmprss? gene of a rodent using any human

sequence, or combination of human sequences {or sequence fragments) as desired.

[68139] A targeting vector for humanization of an endogenous Tmprss? gene was
constructed using bacterial artificial chromosome (BAC) clones and VELOCIGENE®
technology (see, e.g., U.S. Patent No. 6,586,251 and Valenzuela et al. (2003) High-
throughput engineering of the mouse genome coupled with high-resolution expression

analysis, Nature Biotech. 21{6).652-659; incorporated herein by reference).

[00148] Briefly, mouse bacterial artificial chromosome (BAC) clone bMQ-264A15
containing a mouse Tmprss? gene was used and modified as follows. A DNA fragment was
generated to include a 5" mouse homology nucleotide sequence, a human TAPRSS? genomic
DNA of about 25,091 bp {containing the last 7 bp of coding exon 3, intron 3, and coding
exon 4 through coding exon 13 (including the 3' UTR which is part of coding exon 13}, of a
human TMPRSS2 gene), a self-deleting neomycin cassette of about 2,691 bp, and a 3' mouse
homology sequence. This DNA fragment was used to modify BAC clone bM{3-264A135
through homologous recombination in bacterial cells. As a result, an ectodomain-encoding
mouse Tmprss2 genomic fragment (of about 25,291 bp) in the BAC clone was replaced with
the human TMPRSS? genomic fragment of about 25,091 bp, followed by a self-deleting
neomyein cassette of about 2691 bp. Specifically, the mouse Tmprss2 genomic fragment

that was replaced included the last 7 bp of coding exon 3, intron 3, and coding exon 4
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through the stop codon in coding exon 13 of the mouse Tmprss2 gene (Figures 1A-1B}). The
human TMPRSS2 genomic fragment that was inserted included the last 7 bp of coding exon
3, intron 3, and coding exon 4 through coding exon 13 of a human TMPRSS? gene
(inclhuding the 3' UTR of human TAMPRSS?), and a human 3' genomic sequence of 131 bp
downstream of the 3' UTR of human TMPRSS2 (Figures 1A-1B). The resulting modified
BAC clone included, from §' to 3', (1) a 5' mouse homology arm containing about 12 kb of
mouse genomic PNA including a mouse Tmprss2 5 UTR, mouse TmprssZ exon | {non-
coding), coding exons 1-3 {except the last 7 bp of coding exon 3); (i1) a human TMPRSS2
genomic fragment of about 25,091 bp including the last 7 bp of human coding exon 3, intron
3, human coding exons 4 through 13 {(including the 3' UTR of human TAMPRSSZ}, and a
human 3' genomic sequence; (1i1) a self-deleting neomycin cassette of about 2691 bp,
followed by (iv) a 3' mouse homology arm of 45 kb containing the mouse Tmprss2 3'UTR
and the remaining mouse genomic DNA in the oniginal BAC clone. See Figures 1A-1B.
The junction sequences are also set forth at the bottom of Figure 1B. The part of the
modified BAC clone containing the human TMPRSS2 genomic fragment and the neomycin
cassette, as well as the upstream and downstream insertion junctions, is set forth in SEQ 1D
NO: 5. The amino acid sequence of the protein encoded by the humanized Fmprss? gene is
set forth in SEQ 1D NO: 7. An alignment of this humanized Troprss2 protein ("7010 mutant
protein”), a mouse Tmprss2 protein (SEQ 1D NOG: 2}, and a human TMPRSS2 protein (SEQ
D NO: 4), 1s provided in Figure 1D,

160141] The modified BAC clone containing the humanized Tmprss2 gene, as described
above, was used to electroporate mouse embryonic stem (ES) cells to create modified ES
cells comprising a humanized TmprssZ gene. Positively targeted ES cells containing a
humanized Tmprss? gene were dentified by an assay (Valenzuela ef al., supra) that detected
the presence of the human TMPRSS2 sequences (e.g., coding exons 4-13 of human
TMPRSS2) and confirmed the loss and/or retention of mouse Tmprss? sequences {2.g., loss
of coding exons 4-13 of mouse TmprssZ). Table 1 sets forth the primers and probes that
were used to confirm humanization of an endogenous Tmprss? gene as described above
{Figures 1A-1B}. Once a correctly targeted ES cell clone has been selected, the neomycin

selection cassette can be excised by miroducing a Cre recombinase, e.g., via electroporation.
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Alternatively, the neomycin selection cassette can be removed by crossing the progeny
generated from the ES clone with a deletor rodent strain that expresses a Cre recombinase,
The humanized Tmprss2 locus after the deletion of the cassette is depicted in Figure 1C,

with the junction sequences shown at the bottom of Figure 1C.

6801421  Selected ES cell clones (with or without the cassette) were used to implant
female mice using the VELOCIMOUSE® method (see, e.g., U.S. Pat. No. 7,294,754 and
Poueymirou ef af., FO generation mice that are essentially fully denved from the donor gene-
targeted ES cells allowing immediate phenotypic analyses, 2007, Nature Biotech. 25(11:91-
99} to generate a hitfer of pups containing a huwmanized Tmprss? allele in the genome. Mice
bearing a humanized TmprssZ allele can be again confirmed and identified by genotyping of
DINA 1solated from tail snips using a modification of allele assay (Valenzuela ef al., supra)

that detects the presence of the human 7MPRSS2 gene sequences. Pups are genotyped and

cohorts of animals heterozygous for the humanized Tmprss? locus are selected for

characterization. Awmmals homozygous for the humanized Tmprss2 locus are made by

crossing heterozygous amimals,

TABLE 1

MName Primer Seguence (5'-3") SEQID NO
70100 Forward GCCOTCACTOTGACCTTICTC (SEQ ID NO: 26)
Probe (BHQ) TGGAGGAGCCACCTGATGCCTC (SEQ ID NO: 27)
Reverse GCCTTGCCCTCAATGGAAALC (SEQ ID NO: 28)
7010D Forward GGTTGCACAGCAAGGAAGAAG (SEQ ID NO: 29)
Probe (BHQ) CCAGGAGTTCCTGTGAGCCTACCC (SEQ ID NO: 30y
Reverse TGCAATCGCGAAGGAGCTGGAG (SEQ ID NG: 31)
7010hU Forward GTCCCACCTCCTGCAACTG (SEQ ID NO: 32)
Probe (BHQ) TGAGCCTTCCCATCAGCCTGGO (SEQ 1D NO: 33)
Reverse CCACAATGGCACATCGGGTCTG (SEQ ID NG: 34)
7010hTD  Forward GGTGCTTGCTCCCCAAGA (SEQ ID NG: 35)
Probe (BHQ) CCTAAAAGGTGTTGTAATGG (SEQ ID NO: 36)
Reverse GGCAATAAAGAAGGAAGACGTTTY (SEQ ID NO: 37)
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Example 2. Humanization of an endogenous Tmprss4 gene.

(801437 This example tllustrates exemplary methods of humanizing an endogenous gene
encoding Tmprssd in a rodent {e.g., a mouse). The methods described in this example can
be employed to humanize an endogenous Tmprssd gene of a rodent using any human

sequence, or combination of human sequences {or sequence fragments) as desired.

1601441 A targeting vector for humanization of an endogenous Tmprss4 gene was
constructed using bacterial artificial chromosome (BAC) clones and VELOCIGENE®
technology {see, e.g., U.S. Patent No. 6,586,251 and Valenzuela et al. (2003), supra).

180145] Bnefly, mouse bactenal artificial chromosome (BAC) clone RP23-71M15
containing a mouse Tmprss4 gene was used and modified as follows. A DNA fragment was
generated to include a 5" mouse homology nucleotide sequence, a self~deleting neomycin
cassette of about 4,996 bp, a human genomic DNA of about 14,963 bp (containing coding
exon 4 through the stop codon in coding exon 13 of a human TMPRSS54 gene), and a 3’
mouse homology sequence. This DNA fragment was used to modify BAC clone RP23-
71M15 through homologous recombination in bacterial cells. As a result, an ectodomain-
encoding mouse genomic fragment (of about 11,074 bp) m the BAC clone was replaced
with a self-deleting neomycin cassette of about 4,996 bp, followed by the human genomic
DNA of about 14,963 bp. Specifically, the mouse genomic fragment that was deleted and
replaced inchuded the 3' 130 bp of mouse intron 3, coding exon 4 through the stop codon in
coding exon 13 of the mouse Tmprss4 gene (Figures 2ZA-2B). The human genomic fragment
that was inserted included a 3' portion of human TMPRSS4 intron 3 of about 150 bp, and
human TMPRSS4 coding exon 4 through the stop codon in coding exon 13 (Figures 2A-2B).
The resulting modified BAC clone included, fromn 5' to 3", a 5" mouse homology arm
containing about 44.8 kb of mouse genomic DNA (including a mouse Timprss4 5 UTR,
mouse Tmprss4 coding exons 1 through 3, mouse Tmprss4 intron 3 in part (without the 3’
130 bp), a self-deleting neomycin cassette of about 4596 bp, a 3 portion of human
TMPRSS4 intron 3 of about 130 bp, human TAMPRSSY coding exons 4 through the stop
codon in coding exon 13, followed directly by the mouse Tmprssd 3 UTR and the remaining
mouse genomic DNA in the original BAC clone {2 3' mouse homology arm of about 118 kb

in total). See Figures 2A-2B. The junction sequences are also set forth at the botiom of
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Figure 2B. The part of the modified BAC clone containing the neomycin cassette and the
human TMPRSS4 genomic fragment, as well as the upsirears and downstream insertion
junctions, 18 set forth in SEQ 1D NO: 12. The amino acid sequence of the protein encoded
by the bumanized Tmprss4 gene is set forth 1o SEQ ID NO: 14, Aw aligoment of this
humanized Tmprssd protein (7224 mutant pro™), a mouse Tmprssd protein (SEQ 1D NO:

9), and a human TMPRSS4 protein (SEQ 1D NO: 11), 1s provided in Figure 2D,

[66146] The modified BAC clone containing the humanized Tmprss4 gene, as described
above, was used to electroporate mouse embryonic stem (ES) cells to create modified ES
cells comprising a humanized Tmprss4 gene. Positively targeted BS cells containing a
humanized Tmprss4d gene were dentified by an assay (Valenzuela ef al., supra) that detected
the presence of the human TAMPRSSY sequences {e.g., coding exons 4-13 of human
TMPRSS4) and confirmed the loss and/or retention of mouse Tmprss4 sequences {2.g., loss
of coding exons 4-13 of mouse Tmprss4). Table 2 sets forth the primers and probes that
were used to confirm humanization of an endogenous Tmprss4 gene as described above
{Figures 2A-2B}. Once a correctly targeted ES cell clone has been selected, the neomycin
selection cassette can be excised by miroducing a Cre recombinase, e.g., via electroporation.
Alternatively, the neomycin selection cassette can be removed by crossing the progeny
generated from the ES clone with a deletor rodent strain that expresses a Cre recombinase.
The humamized Tmprss4 locus after the deletion of the cassetie is depicted in Figure 2C,

with the junction sequences shown at the bottom of Figure 2C.

160147} Seclected ES cell clones {with or without the cassetie) were used to implant
female mice using the VELOCIMOUSE® method (see, e.g., U.S. Pat. No. 7,294,754 and
Poueymirou ef al. (2007}, supra) to generate a litter of pups containing a humanized
Tmprss4 allele 1o the genome. Mice bearing a humamized Tmprss4 allele were again
confirmed and identified by genotyping of DNA isolated from tfail snips using a
modification of allele assay (Valenzuela ef al, supra) that detected the presence of the
human TMPRSS4 gene sequences. Pups were genotyped and cohorts of animals
heterozygous for the humanized Tmprss4 locus were selected for charactenzation. Animals
homozygous for the humanized Tmprss4 locus were made by crossing heterozygous

animals,
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TABLE 2

Name Primer Seqguence (8°-3%) SEQ ID KO
T33amTU Forward GAGCAGOOCCATGACACAT (SEQ ID NO- 42)
Probe (BHQ)  ACCATTAGATCCCAGCACTGGACA (SEQ ID NO: 43)
Reverse AAACCCTTCCCGAGAGAGAA (SEQ ID NO: 44)
Forward GAGGAACACTGTGTCAAGGACTT (SEQ ID NO: 45)
T224mTU2  pobe (BHQ)  CCTGAAAAGCCCGGAGTGGCAG (SEQ ID NO: 46)
Reverse GGGCAGAGACCACATCTGA (SEQ ID NO: 47)
7224mTD Forwad GGAAGCCCTCTCTCGATACTTG (SEQ ID NO: 48)
Probe (BHO)  TTCTACCCTGAGGGCATGCAGC (SEQ ID NO: 49)
Reverse TGGGATGTAGAAGGTTGTCAGA (SEQ ID NO: 50)
72240TU Forward CTGAGCCTGGAACTCACACATG (SEQ ID NO: 51
Probe (BHQ)  TCTGAGAGCCCAGCACTATCGCC (SEQ ID NO: 52)
Reverse GCTGAGGGTCAGGCTTGAG (SEQ ID NO: 53)
72244TD Forward TCTGCAGGGTAGGGAGAGAAG (SEQ ID NO: 54)
Probe (BHQ)  TGTTTCAGAAAAGGAAGACTCACGTTA  (SEQ ID NO: 55)
CA
Reverse GAGACCGATGAAGAGAAAGTCAGA  (SEQ ID NO: 56)

Example 3. Humanization of an endogenous Tmprssiid gene,

100148}

This example illustrates exemplary methods of humanizing an endogenous gene

encoding Tmprss!1d in a rodent (¢.g., a mouse). The methods described in this example can

be emploved to humanize an endogenous Tmprssi Id gene of a rodent using any human

sequence, or combination of human sequences {(or sequence fragments) as desired.
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180149] A targeting vector for humanization of an endogenous Tmprssf1d gene was
constructed using bacterial artificial chromosome (BAC) clones and VELOCIGENE®

technology (see, e.g., U.S. Patent No. 6,586,251 and Valenzuela ef al. (2003), supra).

1881561 Bnefly, mouse bactenial artificial chromosome (BAC) clone RP23-95N22
contfaining a mouse Tmprss! Id gene was used and modified as follows. A DNA fragment
was generated to include a 5" mouse homology nucleotide sequence, a human TMPRSSTID
genomic DNA of about 33,927 bp (containing 444 bp at the 3° end of intron 2, and coding
exon 3 through coding exon 10 (including the 3' UTR which 1s part of coding exon 10), of a
human TMPRSS11D gene), a self-deleting neomycin cassette of about 4,996 bp, and a 3'
mouse homology sequence, This DNA fragment was used to modify BAC clone RP23-
95N22 through homologous recombination in bacterial cells. As a result, an ectodomain-
encoding mouse Tmprss] Id genonuc fragment {of about 35,667 bp) in the BAC clone was
replaced with the human TMPRSSTID genomic fragment of about 33,927 bp, followed by a
setf-deleting neomycin cassette of about 4,996 bp. Specifically, the mouse Tmprsslid
genomic fragment that was replaced included a 3' portion of intron 2, and coding exon 3
through the stop codon in coding exon 10 of the mouse Tmprss!id gene (Figures 3A-3B).
The human TMPRSSTID genomic fragment that was mserted included 444 bp at the 3” end
of intron 2, and coding exon 3 through coding exon 10 of a human TMPRSSTID gene
(including the 3' UTR of human TMPRSS! 1D}, and a human 3' genomic sequence of about
172 bp downstream of the 3' UTR of hurnan TAMPRISTID (Figures 3A-3B). The resulting
modified BAC clone included, from 5' to 3', (i) 2 5' mouse homology arm containing about
143 kb of mouse genomic DNA including a mouse TmprssII1d 5 UTR, mouse Tmprssiid
coding exons 1-2 and a 5' portion of intron 2; {it) a human TMPRSST D genomic fragment
mcluding a 3' portion of intron 2 and coding exons 3 through 10 (including the 3" UTR) of
hwman TMPRSSI1D, and a human 3' genomic sequence; (iii) a self-deleting neomycin
cassette of about 4,996 bp, followed by (iv) a 3' mouse homology arm of 10 kb containing
the mouse Tmprssl1d 3'UTR and the remaining mouse genomic DNA in the original BAC
clone. See Figures 3A-3B. The punction sequences are also set forth at the bottom of Figure
3B. The part of the moditied BAC clone containing the human TMPRSST 1D genomic

fragment and the neomycin cassette, as well as the upstream and downstream insertion
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junctions, is set forth in SEQ [D NO: 19, The amino acid sequence of the protemn encoded
by the humanized Tmprss? Id gene is set forth 1o SEQ ID NO: 21, Ao aligoment of this
humanized Tmprssi [ d protein ("7226 nmtant pro™), a mouse Tmprssl 1d protein (SEQ [D
NQ: 16), and a human TMPRSS1ID protein (SEQ ID NO: 18), 1s provided in Figure 3D.

[60151] The modified BAC clone containing the humanized Tmprss?id gene, as
described above, is used to electroporate mouse embryonic stem (ES) cells to create
modified ES cells coraprising a humanized Tmprss] 7d gene. Positively targeted ES cells
containing a humanized Tmprssild gene are identified by an assay (Valenzuela ef al,,
supra) that detects the presence of the human TAMPRSSTID sequences (e.g., coding exons 3-
10 of human TMPRSS{ 1D} and confirms the loss and/or retention of mouse Tmprssiid
sequences (e.g., loss of coding exons 3-10 of mouse Tmprss{id). Table 3 sets forth the
primers and probes that were used to confirm humanization of an endogenous Tmprsslid
gene as described above (Figures 3A-3B). Once a correctly targeted ES cell clone has been
selected, the neomycin selection cassette can be excised by miroducing a Cre recombinase,
¢.g., via electroporation. Alternatively, the neomycin selection cassetie can be removed by
crossing the progeny generated from the ES clone with a deletor rodent strain that expresses
a Cre recombinase. The humanized Toprssld locus after the deletion of the cassette is

depicted in Figure 3C, with the junction sequences shown at the bottorn of Figure 3C.

(601521  Selected ES cell clones (with or without the cassette) are used to implant female
mice using the VELOCIMOUSE® method (see, e.g., U.S. Pat. No. 7,294,754 and
Poueymirou et al. (2007), supra) to generate a litter of pups containing a humanized
Tmprssiid allele in the genome. Mice bearing a humanized Timprssi id allele are again
confirmed and identified by genotyping of DNA isolated from tail snips using a
modification of allele assay (Valenzuela ef al,, supra) that detects the presence of the human
TMPRSSTID gene sequences. Pups are genotyped and cohorts of animals heterozygous for
the humanized Tmprssi Id locus are selected for characterization. Animals homozygous for

the humanized Tmprssi Id locus are made by crossing heterozygous antmals.
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TABLE 3

Name Primer Sequence (5'-3% SEQID NGO
7226mTU Forward TCCTCTCCACGACAAGAAAGCT (SEQ ID NG: 61)
Probe (BHQ) TCATAGCAGCTTTCAAATCCTAAACGT (SEQ ID NO: 62)
TGA
Reverse TCGTGTGTAGCTGGTGAGTT (SEQ ID NO: 63)
7226mTh Forward CATGCOATCACAGGAGGAGATC (SEQ ID NG: 64)
Probe (BHQ) AATTGGGCCCGAAGCCAGATGC (SEQ ID NO: 65)
Reverse CGGAAGGCTTCTGTGACTTC (SEQ ID NO: 66)
7226hTH Forward GTCTCCCACTTCTGACATAATGAAC (SEQ ID NO: 67)
Probe (BHQ) CCCAGTGTTAACCCTACATCTIGGITCC  (SEQ ID NO: 68)
Reverse TGGGAAGAGACTCTTGGACA (SEQ ID NO: 69)
72260TD Forward ATGAGCTCCTAGTACAGCTAAAGTT (SEQ ID NG: 70)
Probe (MGB) ATGCATGATCATCTATGCGTCAGAGC  (SEQIDNO: 71
Reverse TGCCCAGATGCAGGGAGTTAG (SEQ ID NG: 72)

Example 4. Evaluation of group I and group 2 influenza A viruses in MAID722S

Humin vs. wild-type Tmprss4 mice

(60153}

infection, experiments were conducted to evaluate the survival of MAID7225 Humin

To validate the use of humanized Tmprss rodents as an animal model of

TMPRSS4 mice versus wild-type (WT) littermates in an influenza A group 1 and group 2

model of severe influenza infection,

661547 MAID7225 Humln TMPRSS4 mice are homozygous for a humanized Tmprss4
gene in its genome and were generated as described m Example 2. The viral strains used in

these studies included the historical A/Puerto Rico/08/1934 (HIN1) influenza A virus group
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1 isolate and an in-house mouse-adapted A/Aichi/02/1968 (HA, NA) X-31 (H3N2)
influenza A virus group 2 isolate. All experiments were performed in 6-8 week-old male
and female MAID7225 Humin TMPRSS4 mice or WT littermates. Mice were challenged
with 1150 plagque-formung units (PFUs) of A/Puerto Rico/08/1934 (HIN1) or 10,000 PFUs
of A/Aichi/02/1968-X31 (H3N2). In these survival models, mice were challenged
intranasally (IN) on day O post-infection (p.1.}. Mice were weighed and observed daily up to
day 14 p.i. and were sacrificed when they lost 20% of their starting weight. Results are

reported as percent survival (Table 4).

Table 4
Mumber of Percent survival (no. of
Group (D mice per | surviving mice/total no. of mice
Sroup in the group)
Uninfected control (2 Humin, 2 WT mice} 4 100 (4/4)
WT TMPRSS4; Hl PR34 infected 10 20 2/10)
Humin TMPRES4; H1 PR34 infected 8 25{2/8)
WT TMPRSS4; H3 X31 infected 9 11.1 {1/9)
Humin TMPRES4; H3 X31 infected 8 25 (2/8)

[86155] The survival of MAID7225 Humln TMPRSS4 mice was compared to WT
littermates after challenge with both severe Influenza A group 1 virus [A/Puerto
Rico/08/1934 (HIN1)] and a severe, mouse-adapted Influenza A group 2 virus
[A/Aichi/02/1968-X31 (H3N2}] (Figure 4). Survival of MAID722S5 Humin TMPRSS4 mice
was no different from wild-type mice with either the HIN1 challenge (25%; n=8 and 20%;

n=10, respectively) or the H3N2 challenge (25%; n=8 and 11.1%; n=9, respectively).

[80156] The publications, websites and other reference materials referenced herein to
describe the background of the invention and to provide additional detail regarding its

practice are hereby incorporated by reference.
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WHAT IS CLAIMED IS

1. A rodent comprising a humanized Tmprss gene that comprises a nucleotide sequence
of an endogenous rodent Tmprss gene and a nucleotide sequence of a cognate human
TMPRSS gene, wherein the humanized Tmprss gene is under control of the promoter of the

endogenous rodent Tmprss gene.

2. The rodent of claim 1, wherein the humanized Tmprss gene encodes a humanized
Tmprss protem that comprises an ectodomain substantially identical to the ectodomain of

the human TMPRSS protein encoded by the cognate human TMPRSS gene.

3 The rodent of claim 2, wherein the humanized Timprss protein further comprises a
cytoplasmic and transmembrane portion that is substantially identical to the cytoplasmic and
transmembrane portion of the endogenous rodent Tmprss protein encoded by the

endogenous rodent Tmprss gene.

4, The rodent of claim 1, wherein the nucleotide sequence of the cognate human
TMPRSS gene encodes a polypeptide substantially identical to the ectodomain of the human

TMPRSS protein encoded by the cognate human TMPRSS gene.

5. The rodent of claim 1, wherein the nucleotide sequence of the endogenous rodent
Tmprss gene encodes a polypeptide substantially identical to the cyioplasmic and
transmembrane portion of the endogenous rodent Tmprss protein encoded by the

endogenous rodent Tmprss gene.

6. The rodent of claim 1, wherein the humanized Tmprss gene is located at an
endogenous rodent Tmprss locus, and results from a replacement of a genomic sequence of
the endogenous rodent Tmprss gene with said nucleotide sequence of the cognate human

TMPRSS gene.

-5

7. The rodent of claim 1, wherein the humanized Tmprss gene 1s @ humanized Tmprss2
gene, the endogenous rodent Tmprss gene is an endogenous rodent Taprss? gene, and the

cognate human TMPRSS gene 1s a human TMPRSSZ gene.

49



8. The rodent of claim 7, wherein the humanized Tmprss? gene encodes a humanized
Traprss2 protein that comprises an ectodomain substantially identical with the ectodomain

of the human TMPRSS2 protein encoded by the human TMPRSS? gene.

9. The rodent of claim 8, wherein the human TMPRSS2 protein comprises an amino
acid sequence at least 85% identical with the amino acid sequence as set forth in SEQ ID

NQO: 4.

10.  The rodent of claim &, wherein the ectodomain of the humanized Tmprss2 protein
comprises an aming acid sequence substantially identical with the amino acid sequence

composed of residues W106 to G492 of SEQ ID NO: 4.

t1.  The rodent of claim 8, wherein the humanized Troprss? protein further comprises a
cytoplasmic and transmembrane portion that is substantially identical with the cytoplasnuc
and transmembrane portion of the endogenous rodent Tmprss2 protein encoded by the

endogenous rodent Tmprss? gene.

12.  The rodent of claim 7, wherein the mucleotide sequence of the human 73PRSS2
gene encodes a polypeptide that is substantially identical with the ectodomain of the human

TMPRSS2 protein encoded by the human TMPRSS2 gene.

13.  The rodent of claim 12, wherein the nucleotide sequence of the human TMPRSS2
gene comprises coding exon 4 through the stop codon in coding exon 13 of the human

TMPRSS2 gene,
14.  The rodent of claim 13, further comprising the 3' UTR of the human TMPRSS2 gene.

15.  The rodent of claim 7, wherein the nucleotide sequence of the endogenous rodent
Tmprss2 gene encodes a cytoplasmic and transmembrane portion that is substantially
identical with the cytoplasmic and transmembrane portion of the endogenous rodent

Traprss2 protein encoded by the endogenous rodent Tmprss2 gene.

16, The rodent of claim 7, wherein the humanized Tmprss2 gene comprises coding exons

1-2 of the endogenous rodent Tmprss2 gene, and coding exon 4 through coding exon 13 of
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the human TMPRSS2 gene, wherein the humanized Tmprss? gene encodes a humanized
Truprss2 protein that comprises a cytoplasmic and transmembrane portion that is
substantially identical with the cytoplasmic and transmembrane portion of the rodent
Tmprss2 protein encoded by said endogenous rodent Timprss2 gene, and an ectodomain that
is substantially identical with the ectodomain of the human TMPRES2 protein encoded by

said hurman TMPRSSZ gene.

17.  The rodent of claim 16, wherein the humanized Tmprss? gene comprises an exon 3
that comprises a 5' portion of coding exon 3 of the endogenous rodent Tmprss? gene and 3 3

portion of coding exon 3 of the human 7MPRSS2 gene.

18.  The rodent of claim 1, wherein the humanized Tmprss gene is a humanized Tmprss4
gene, the endogenous rodent Tmprss gene is an endogenous rodent Tmprss4 gene, and the

cognate human TMPRSS gene is a human TMPRSS4 gene.

19.  The rodent of claim 18, wherein the humanized Tmprss4 gene encodes a humanized
Trmprssd protein that comprises an ectodomain that is substantially identical with the

ectodomain of the human TMPRSS4 protein encoded by the buman TAPRSS4 gene.

20.  The rodent of claim 19, wherein the huoman TMPRSS4 protein comprises an amino
acid sequence at least 85% identical with the amino acid sequence as set forth in SEQ D

NG: 11

21, The rodent of claim 19, wherein the ectodomain comprises an amino acid sequence
substantially identical with the amino acid sequence composed of residues K54-1437 of

SEQ ID NO: 11.

22.  The rodent of claim 19, wherein the humanized Tmprssd protein further comprises a
cytoplasmic and transmembrane portion that is substantially identical with the cytoplasmic
and transmembrane portion of the endogenous rodent Tmprss4 protein encoded by the

endogenous rodent Tmprss4 gene.
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23.  The rodent of claim 18, wherein the mucleotide sequence of the human TA/PRSSY
gene encodes an ectodomain substantially wdentical with the ectodomain of the human

TMPRSS4 protein encoded by the human TMPRSS4 gene.

24, The rodent of claim 23, wherein the nucleotide sequence of the human TMPRSSY
gene comprises coding exon 4 through the stop codon in coding exon 13 of the human

TMPRSS4 gene.

25.  The rodent of claim 24, wherein the stop codon of the human TMPRSS4 gene is

followed by the 3' UTR of the endogenous rodent Tmprss4 gene.

26.  The rodent of claim 18, wherein the nucleotide sequence of the endogenous rodent
Tmprss4 gene encodes a cytoplasmic and transmembrane portion that is substantially
identical with the cytoplasmic and transmembrane portion of the endogenous rodent

Tmprss4 protein encoded by the endogenous rodent Tmprss4 gene,

27.  The rodent of claima 18, wherein the humanized Tmprss4 gene comaprises coding
exon 1 through coding exon 3 of the endogenous rodent Tmprss4 gene, and coding exon 4

through the stop codon in coding exon 13 of the human TMPRSS4 gene.

28. The rodent of claim 1, wherein the humanized Tmprss gene is a humanized
Tmprssiid gene, the endogenous rodent Tmprss gene 1s an endogenous rodent Tmprss?id

gene, and the cognate human TMPRSS gene 1s a human TMPRSSTID gene.

29.  The rodent of claim 28, wherein the humanized Tmprss! Id gene encodes a
humanized Tmprss] 1d protein that comprises an ectodomain that 1s substantially identical
with the ectodomain of the human TMPRSES11D protein encoded by the human
TMPRSS11D gene,

30.  The rodent of claim 29, wherein the human TMPRSS11D protein comprises an
armino acid sequence at least 85% 1dentical with the amino acid sequence as set forth in SEQ

ID NO: 18.
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31.  The rodent of claim 29, wherein the ectodomain comprises an amino acid sequence
substantially identical with the amino acid sequence composed of residues A42 to 1418 of

SEQ 1D NO: 18.

32.  The rodent of claim 29, wherein the humanized Tmprssi 1d protein further comprises
a cytoplasmic and transmembrane portion that 18 substantially identical with the cytoplasmic
and transmembrane portion of the endogenous rodent Tmprssl 1d protein encoded by the

endogenous rodent Tmprss1d gene.

33, The rodent of claim 28, wherein the nucleotide sequence of the human TMPRSSIID
gene encodes an ectodomain that is substantially identical with the ectodomain of the human

TMPRSS11D protein encoded by the human TMPRSSTID gene.

34.  The rodent of claim 33, wherein the nucleotide sequence of the human TMPRSSIID
gene comprises coding exon 3 through the stop codon 1o coding exon 10 of the human

TMPRSS1ID gene.

35.  The rodent of claim 34, further comprising the 3" UTR of the human TMPRSSIID

gene.

36.  The rodent of claim 28, wherein the nucleotide sequence of the endogenous rodent
Tmprssiid gene encodes a cytoplasmic and transmembrane portion that is substantially
identical with the cytoplasmic and transmembrane portion of the endogenous rodent

Tmprssi 1d protein encoded by endogenous rodent Tmprss{Id gene.

37.  The rodent of claim 28, wherein the humanized Tmprss! Id gene comprises coding
exons 1-2 of the endogenous rodent Tmprss 1 1d gene, and coding exons 3 through coding

exon 10 of the human TMPRSSTID gene.

38. The rodent of claim 1, wherein the rodent is a mouse or a rat.
39.  The rodent of claim 1, wherein the rodent is heterozygous for the humanized Tmprss
gene,
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40.  The rodent of claim 1, wherein the rodent is homozygous for the humanized Tmprss

gene.

41.  The rodent of claim 1, wherein the rodent comprises at least two humanized Tmprss

genes at cognate endogenous Tmprss gene loci.

42.  Anisolated rodent cell or tissue whose genome comprises a humanized Tmprss gene
that comprises a nucleotide sequence of an endogenous rodent Tmprss gene and a nucleotide
sequence of a cognate human TMPRSS gene, wherein the humanized Tmprss gene is under

control of the promoter of the endogenous rodent Tmprss gene.

43,  The isolated rodent cell or tissue of claim 42, wherein the humanized Tmprss gene is
selected from the group consisting of a humanized Tmprss2 gene, a humanized Tmprss4

gene, and a humanized Tmprss{ Id gene.

44. A rodent embryonic stem cell whose genome comprises a humanized Tmprss gene
that comprises a nucleotide sequence of an endogenous rodent Tmprss gene and a nucleotide
sequence of a cognate human TMPRSS gene, wherein the humanized Tmprss gene is under

control of the promoter of the endogenous rodent Tmprss gene.

45, The rodent embryonic stem cell of claim 44, wherein the humanized Fmprss gene is
selected from the group consisting of a humanized Tmprss2 gene, a humanized Tmprss4

gene, and a humanized Tmprss{ Id gene.
46. A rodent embryo generated from the rodent embryonic stem cell of claim 44,

47. A vector comprising a human genomic DNA encoding the ectodomain of a human
TMPRSS protein, flanked by a 5' nucleotide sequence and a 3" mucleotide sequence that are
homologous to genomic DNA sequences flanking a rodent genomic DNA at a rodent

Tmprss locus encoding the ectodomain of a cognate rodent Tmprss protein.

48. A method of providing a rodent whose genome comprises a humanized Tmprss gene,

the method comprising:
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modifying the genome of a rodent to replace a genomic sequence of an endogenous
Tmprss gene with a genomic sequence of a cognate haman TMPRSS gene o form a

humanized Tmprss gene.

49. A method of making a rodent having a humanized Tmprss gene, comprising:

{a) inserting a genomic fragment into an endogenous rodent Tmprss locus in a rodent
embryonic stem cell, said genomic fragment comprising a nucleotide sequence of a cognate
human TMPRSS gene, thereby fornung a humanized Tmprss gene, wherein the humanized
Tmprss gene is under control of the promoter of the rodent Tmprss gene at the endogenous
rodent Tmprss locus;

{b) obtaining a rodent embryonic stem cell comprising the humanized Tmprss gene
of {a); and,

{¢) creating a rodent using the rodent embryonic stem cell of (b).

50.  The method of claim 49, wherein the humanized Tmprss gene encodes a humanized
Tmprss protein that comprises an ectodomain substantially identical to the ectodomain of

the human TMPRSS protein encoded by the cognate human TMPRSS gene.

51. The method of claim 50, wherein the humanized Tmprss protein further comprises a
cytoplasmic and transmembrane portion that is substantially identical to the cytoplasmic and
transmermbrane portion of the rodent Tmprss protein encoded by the rodent Tmprss gene at

said endogenous rodent Tmprss locus.

$2. The method of claim 49, wherein the humanmzed Tmprss gene is selected from the
group consisting of a humanized Tmprss2 gene, a humanized Thmprss4 gene, and a

humanized Tmprsslid gene,

53.  The method of claim 52, wherein the humanized Tmprss2 gene comprises coding
exons 1-2 of the endogenous rodent Tmprss? gene, and coding exon 4 through coding exon

13 of the human TMPRSS2 gene.
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54.  The method of claim 53, wherein the humanized Tmprss2 gene comprises an exon 3
that comprises a 5' portion of coding exon 3 of the endogenous rodent Tmprss? gene and a 3°

portion of coding exon 3 of the human 7MPRSS2 gene.

55.  The method of claim 52, wherein the humanized Tmprss4 gene comprises coding
exon | through coding exon 3 of the endogenous rodent Tmprss4 gene, and coding exon 4

through the stop codon in coding exon 13 of the human TMPRSSY gene.

56.  The method of claim 52, wherein the humanized Tmprssi Id gene comprises coding
exons 1-2 of the endogenous rodent Tmprss ! /d gene, and coding exons 3 through coding

exon 10 of the human TMPRSSIID gene.

57.  The method of claim 52, wherein the humanized Tmprss gene encodes a humanized
Tmprss protein that comprises the ectodomain of a human TMPRSS protein selected from
the group consisting of a human TMPRSS2 protein, a human TMPRSS4 protein, and a
human TMPRSS11D protein.

58. The method of claim 57, wherein the humanized Tmprss protein is a humanized
Traprss2 protein comprising W106 to G492 or the C-terminal 387 amino acids of a human

TMPRSS2 protein,

59.  The method of claim 57, wherein the humanized Tmprss protein is a hursanized
Tmprssd protein comprising K54-1.437 or the C-terminal 384 amino acids of a human

TMPRSS4 protein.

60.  The method of claim §7, wherein the humanized Tmprss protein is a humanized
Tmprss!ld protein comprising A42-1418 or the C-terminal 377 amino acids of a human

TMPRSS11D protein.
61. The method of claim 49, wherein the rodent 1s a mouse or a rat.

62. A method of assessing the therapeutic efficacy of a compound in treating influenza
virus infection, comprising:

providing a rodent according to any one of claims 1-41;
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administering an influenza virus and a candidate compound to the rodent; and
monitoring the presence and severity of influenza viras infection m the rodent to

determine the therapeutic efficacy of the candidate compound.

63. The method of claim 62, wherein the influenza virus is administered to the rodent

betore the candidate compound.

64. The method of claim 62, wherein the influenza viras is administered to the rodent

after the candidate compound.

65.  The method of claim 62, wherein the candidate compound is an antibody or antigen-

binding fragment thereot specific for 8 human TMPRSS protein.

66.  The method of claim 65, wherein the human TMPRSS protein is selected from the
group consisting of a human TMPRSS2 protein, a bumsan TMPRSS4 proten, and a human
TMPRSS11D protein.

67. The method of claim 62, wherein the rodent is 2 mouse or a rat,
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