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TRANSGENIC MODELS FOR STEM CELL THERAPIES
CROSS REFERENCE TO RELATED APPLICATION

[6681]  This apphication claims priority to and the bencfit of US. Provisional Patent
Application No. 62/796,437 filed January 24, 2019, which 1s incorporated herein by reference

in its entirety for all purposes.
GOVERNMENT FUNBING

[8682]  This vention was made with government support under grant number OD019738
awarded by the National {nstitutes of Health. The government bhas cortain rights o the
mvention.

Frrip

188631  The present disclosure provides compositions and methods related to the generation
and use of transgenic animal models having stem cell reporter svstems. fn particular, the
present disclosure provides a novel transgenic animal model that expresses a nuclear-localized
fluorescent reporter m cells endogenously expressing the leucine-rich repeat-containing G-
protein coupled receptor 5 (LGRS} gene. Given the role of LGRS n stem cell and cancer
biology, the transgenic amimal models provided herein are useful for a wide range of

therapeutic and diagnostic purposcs.
BACKGROUND

[8684]  Leucine-rich repeat-containing G-protein coupled receptors (LGR) are expressed in
a wide range of stem cells including, for example, skin, gut, hing, ovary, mammary gland,
kidney, pancreas and liver. In particular, the LGRS gene has been tmplicated in cancer and
LGRS expressing cells have been referred as the cancer stem cclf. Being able to track and study
LGRS expressing cells will not only facilitate investigations into their normal development,
but also help elucidate the function of LGRs during cell regeneration and repatr, as well as their
roles in cancer initiation and progression,

SUMMARY

[8065] Embodiments of the present disclosure include a non-human transgenic animal
comprising a genome that expresses a nuclear-localized reporter gene in at least one cell type
or tissue type that also expresses an endogenous feucine-rich repeat-containing G-protein

coupled receptor {LGR) gene.
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186846 In some embodiments, the endogenous LRG gene 1s leucine-rich repeat-containing
G-protein coupled receptor 4 {(LGR4), LRG gene is leucine-rich repeat-containing G-protein
coupled receptor 5 (LGRS}, or LRG gene is leucine-rich repeat-containing G-protein coupled
receptor 6 {LGRS6).

8887}  In some embodiments, the nuclear-localized reporter gene 1s a fluorescent reporter.
In some embodiments, the fluorescent reporter comprises at least one of GFP, eGFP, mCherry,
CFP, BFP, YFP, eYFP, photoactivatable GFP, dsRed (Discosoma species fluorescent protein),
mFruits  (mutants  of dsRed), TagRFPs (Evrogen), eqFP6il (solated from sea
anemone Knfacmaea quadricolor}, Dronpa (photoswitchable fluorescent protein), and EosFP
{photoconvertable fhuorescent protein).

[8088] In some embodiments, the nuclear-localized reporter gene comprises a gene
encoding H2B. In some embodiments, the nuclear-localized reporter gene comprises a gene
encoding an H2B-GFP fusion protein. In some embodiments, the nuclear-localized reporter
gene comprises a genc encoding an LRG protemn, or fragment thereof, fused to a nuclear-
localized fluorescent reporter. In some embodiments, the nuclear-localized reporter gene
comprises a gene encoding an LGR5-H2B-GFP fusion protein.

(8688}  In some embodiments, the gene encoding the LGRS-HZB-GFP fusion protein
comprises a gene encoding HZB-GFP downstream of the LGRS ATG start site. In some
embodiments, the gene encoding the LGR3-H2B-GFP fusion protein comprises a gene
encoding H2B-GFP dowastream of the LGRS ATG start site. and upstream of intron 1 of
LGRS, In some embodiments, the gene encoding the LGR3-H2B-GFP fusion protein docs not
contan an IRES site. In some embodiments, the gene encoding the LGRS-H2B-GFP fusion
protein comprises one or more fragments of SEQ ID NQO: 2.

(88314} In some embodiments, the at least one cell type or tissue type that expresses the
endogenous LGR gene is a stem cell. In some embodiments, the at least one cell type or tissuc
type that expresses the endogenous LGR gene comprises skin, eye, inner ear, gastromtestinal
track, uterus, ovary, prostrate, mammary gland, kidney, liver, pancreas, cervix, and/or placenta
cell types or tissue types.

[8813] Embodiments of the present disclosure also include a cell or cell hine denved from
the transgenic animal described above. In some embodiments, the cell line 1s a primary cell
hine or an mimmortalized cell ne. In some embodiments, the cell 15 a stem cell. In some
cmbodiments, the ster cell is capable of forming an organoid when cultured 1n a matrix
[8812] Embodiments of the present disclosure also include a method of screening an

wtervention for a disease or condition. In accordance with these embodiments, the method

Z
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mecludes: a) contacting the transgenic animal of claim 1 or the cell or cell line of claim 15 with
a candidate intervention; and b) determining the effect of said intervention on a disease or
condition in the transgenic animal.

[8813]  In some embodiments, the mtervention is selected from the group consisting of a
drug, a hifestyvle change, an alternative medicine therapy, or a combination thereof. In some
embodiments, the disease or condition is cancer. In some embodiments, the discase or
condition 1s associated with stem cell fumction. In some embodiments, the discase or condition

is an intestinal, hepatic, renal, lung, or skin disease or mjury.
Bryirr DEsCriptIoN OF THE DRAWINGS

j88314] FIG. 1. Representative schematic diagram of the LGRS gene locus of a transgenic
mode! of the present disclosure,

1668181 FIGS. 2A-2B: Representative diagram of the LGRS genomic targeting strategy using
CRISPR (FIG. 2A), and representative gels identifving two colonies as positive for the H2B-
GFP knock-in (FEG. 2B).

(8836} FIGS 3A-3B: Representative images of transgene expression in the duodenum (FIG.
3A) and the jepunum (FI1G. 3B) of the transgenic lines of the present disclosure.

[B8817]  FIGS. 4A-4B: Representative images of transgene expression in the skin (FIG. 44)
and the bibiary tree {FIG. 4B) of the transgenic lines of the present disclosure.

1683181 FIGS. 5A-53C: Kepresentative mmages of the co-cxpression of LGR5-HZB-GFP
transgene protein (FIG. 5A) and mRBRNA (FIG. 5B), merged 1o FIG. 5C.

[8818]  FIGS. 6A-6C: Representative images of LGR5-H2B-GFP transgene expression in
locations consistent with endogenous LGRS expression in various stages of the hair growth
cvele, including anagen (FIG. 6A), catagen (FIG. 6B), and telogen (F1G. 6C) stages.

{30281  FIGS. 7A-7C: Representative mmages of LORS5-H2B-GFP transgene expression in
mndividual epidermal cells (FIGS. 7TA-7B), which comrelates with endogenous LGRS mRNA
expression (FI1G. 7C).

166211 FIGS. BA-8D: Representative scatter plots from FACS experiments of GFP-positive
stemn cells expressing the LGRS-H2B-GEFP transgene m hiver (FIG. 8A), biliary tree (FIG. 8B},
pancreas (FIG. 80}, and small intestine (FIG. 8D).

(80221  FIGS. 9A-9B: Represemtative bar graph results of organoid formation etficiency

{(FIG. 9A) and size (FIG. 98) from LGRS-GFP-positive hair follicle stem cells.

3
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[8623] FIGS. 10A-10B: Representative images demonstrate that LGRS-GFP-positive cells
plated in Matrigel containing growth factors formed skan organoids (F1G. 10A) and biliary tree
organcids (FIG. 10B).

j8824] FIG. 11: Representative images of LGRS-GEFP (“lu”) organoids stained with various
epidermal markers.

186281 FIGS. 12A-12D: Representative images of low resolution cytoplasmic LGRS-GFP
expression in a mouse model (FIGS. 12A-128) as compared to high resolution nuclear LGRS
H2B-GFP expression i a porcine model (FIGS. 12C-12D); GFP expression is overlaid with
DAPI staiming 1n FIGS. 12B and 12D.

(8826} FIG. 13: Representative images of LGRS-GFP expression surrounding a wound,
demonstrating increased cell proliferation.

188271 FIGS. 14A-14C: Representative images of LGR3-GFP expression in hair genm cells,
the primary proliferating hair germ cells in anagen (GFP expression is overlaid with Ki67

staining in FIG. 148, and DAPI staining in FIG. 14C).
DETAILED DESCRIPTION

[8628]  Embodiments of the present disclosure provide compositions and methods related to
the generation and use of transgenic anmimal models having stem cell reporter svstems. In
particular, the present disclosure provides a novel transgenic animal model that expresses a
nuclear-localized fluorescent reporter in cells endogenously expressing the leucine-rich repeat-
containing G-protein coupled receptor 5 (LGRS) gene. Given the role of LGRS m stem cell
and cancer biology, the transgenic animal models provided herein are useful for a wide range
of therapeotic and diagnostic purposes.

[6628]  The use of a large amimal model having anatomy and physiology more
complementary to humans provides the ability to recapitulate human disease and overcomes
many current limutations of rodent models. Thus, the transgenic porcine models provided
herein are a powerful tool for the study of translational aspects of adult stem cells of the gut,
skin, Biver, and kidney, among other cells and tissues. These swine models can also be used to
address questions regarding the role of stem cells in epithelial/mesenchymal replacement
duning homeostasis and intestinal, hepatic, renal, lung, and skin disecases/injuries, including
cancer, and regenerative responses resulting from burns, wounds, radiation/chemotherapeutic
or viral/bacterial damage.

[8#838)  The transgenic animal models described heremn mnchude a chromatin bound/muclear-

localized GFP fluorescent tag in the LGRS locus that can facilitate the study of adult stem cells,
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adult stem cell progenitors, and the stem-cell niche. LGRS 15 a entical marker for multiple adult
stem cells, mncluding but not limited to, stem cells present in the skin, GI tract, bver and
pancreas, as well as those present in lung regeneration, and mammary gland development and
repair. Essentially almost all epithelial barners mvolve an LGRS progenitor cell as a repair
stem cell. LGRS has also been implicated i cancer, and it 13 upregulated in many caners.
LGRS-positive cells are often referred to as cancer stem cells, as they can be the mitiator of
many types of cancer. Thus, LGRS 1s tmportant from both a regencrative medicine standpomt,
as well as oncology.

[8838]  Previous mvestigations supported the use of IRES ¢lements and cyvtoplasmic GFP in
constructs used to generate LGRS transgenic mice. Embodiments of the present disclosure used
similar approaches, but these were only partially successful. Additionally, evtoplasmic GFP is
very difficolt to evaloate, both quantitatively and gualitatively, and it can be challenging o
differentiate ovtoplasmic GFP against a fluorescent background signal. Conversely, nuclear
localization signals, such as H2B-GFP, arc much easier to score and provide an cnhanced
degree of accuracy and spatial resolution. Also, the H2B nuclear localization tag {chromatin-
specific) is particularty useful, as it allows for bneage tracing studies and investigations into
chromosome dynamics by identifving the timing of when LGRS gene expression is activated
or deactivated.

j8832]  More than fen transgenic mouse lines described in previous mvestigations using
LGR transgenic models; however, none use H2B-GFP as a reporter and all include the use of
an IRES. These cxisting mouse models have well characterized mosaic expression patterns,
and cell ablation studies are limited due to the suboptimal penctrance of transgene expression
int these models {(see, e.g., Stem Cell Reports; 3:234-241 (2014)).

(8633}  Thus, in contrast {o previous studics, embodiments of the present disclosure include
at least two clements not previously identified as important for replicating LGRS expression in
a transgenic ammal model—removing the IRES and switching to the chromatin bound GFP.
Additionally, embodiments of the present disclosure include transgenic construct in which the
transgene has been inserted into the 57 end of the transgene {e.g., adjacent to the ATG start
site}. These features make the transgenic models of the present disclosure much easier to score
and have led to the identification of unreported LGRS cell populations in certain regions of 1
tissues (see, e.g., FIGS. 3 and 4), inchiding cells that are not epithelial in nature, which may be
more consistent with LGR expression in humans than other transgenic models.

[8834]  As described further herein, embodiments of the present disclosure mclude a non-

human transgenic animal comprising a genome that expresses a nuclear-localized reporter gene

(v
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in at least one cell type or tissue type that also expresses an endogenous leucine-rich repeat-
containing G-protein coupled receptor (LGR) gene. In some embodiments, the endogenous
LRG gene 1s LOGR4, LGRS, or LRGS. LRG genes/proteins are a unique class of evolutionary
conserved seven-transmembrane receptors characierized by a large exiracellular region that
mclodes multiple mmperfect copies of a leucine-rich repeat protein interaction domain. The
extraceliular domain mediates higand binding as a prerequisite to modudation of downstream
mitracellular signaling pathwayvs via heterotrimene G-proteins.

[8838] In some embodiments, the nuclear-localized reporter gene 15 a fluorescent reporter.
In some embodiments, the fluorescent reporter comprises at least one of GFP, oGFP, mCherry,
CFP, BFP, YFP, e YFP, photoactivatable GFP, dsRed (Discosoma species fluorescent protein),
mFruits  (mutants of dsRed), TagRFPs (Evrogen). egFP6i1 (solated from sea
ancmone Kutacmaea gquadricolor), Dronpa {photoswitchable fluorescent protein), and EosFP
{photoconvertable fluorescent protein). Other reporters can also be used, as would be
recognized by one of ordinary skill in the art based on the present disclosure.

18836] In some embodiments, the nuclear-localized reporter gene comprises a gene
encoding the histone H2B gene, a chromatin-specific nuclear-localization signal. In some
embodiments, the nuclear-localized reporier gene comprises a gene cncoding a nuciear-
localization signal, such as but not limited to, a monopartite or bipartite nuclear localization
signal of any other protein that is localized to the nucleouns. Examples inclode the following:
SV40 large T antigen, nucleoplasmin, Antennapedia Homeodomain Protein Antigens, Nuclear
Ki-67 Antigen, Ku Autoantigen, snRNP Core Proteins, Ataxins, Ataxin-1, Ataxin-2, Ataxin-3,
Ataxin-7, BRCA1 Protein, BRCA2 Protein, CCAAT-Enhancer-Binding Proteins, CCAAT-
Binding Factor, CCAAT-Enhancer-Binding Protein-alpha, CCAAT-Enhancer-Binding
Protem-beta, CCAAT, Enbancer-Binding Protein-delta, Transcription Factor CHOP, Y-Box-
Bindmg Protein 1, CDXZ Transcription Factor, Chromosomal Proteins including bistones,
CCOTC-Bmding Factor, Centromere Protein A, Centromere Protein B, High Mobility Group
Proteins +, Methyl-CpG-Binding Protein 2, Minichromosome Maintenance Proteins +,
Polycomb-Group Proteins +, SMARCB1 Protein, Telomere-Binding Protems +, Tumor
Suppressor p33-Binding Protein 1, Fancomt Anenmia Complementation Group A Protein,
Fancont Anemia Complementation Group D2 Protem, Fanconi Anemia Complementation
Group E Protein, Fanconi Anemia Complementation Group F Protein, Fanconi Anemia
Complementation Group N Protein, Hepatocyte Nuclear Factors, Hepatocvie Nuclear Factor 1
+, Hepatocyte Nuclear Factor 3-alpha, Hepatocyte Nuclear Factor 3-beta, Hepatocvie Nuclear

Factor 3-gamma, Hepatocyvte Nuclear Factor 4, Hepatocvte Nuclear Factor 6, Host Cell Factor
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Cl, Immunoglobulin J Recombination Signal Sequence-Binding Protein, Inhibitor of Growth
Protein 1, Karyopherins, alpha Karvopherins, beta Karyopherins, Mad2 Proteimns, Mediator
Complex, Cychn €, Cyclin-Dependent Kinase 8 Mediator Complex Subunit 1, NF-kappa B |
NF-kappa , B p50 Subunit, NF-kappa B p32 Subunit, Transcription Factor RelA, Transcription
Factor RelB, Nuclear Matrix-Associated Proteins, Heterogencous-Nuclear Ribonucleoprotein
U, Lamins +, Nuclear Receptor Coactivators, Mediator Complex Subunit 1, Nuclear Receptor
Coactivator 1, Nuciear Receptor Coactivator 2, Nuclear Receptor Coactivator 3, Peroxisome
Proliferator-Activated Receptor Gamma Coactivator 1-alpha, Nuclear Receptor Interacting
Protein 1, Oncogene Protein pSS(v-mye), Poly-ADP-Ribose Binding Proteins, Apoptosis
Inducing Factor, Ataxia Telangiectasia Mutated Proteins, CCCTC-Binding Factor, Centromere
Protem A, Centromere Protein B, Cyvclin-Dependent Kinase Inhibitor p21, DNA-Activated
Protein Kinase, DNA (Cytosine-3-)-Methvltransferase 1, DNA Topotsomerases, Tyvpe I, Heat
Shock Transcription Factors, Histones, Ku Autoantigen, MRE11 Homologue Protein,
Myristoviated Alanine-Rich C Kinase Substrate, NF-kappa B p52 Subunit, Nicotinamide-
Nucleotide Adenylvitransferase, Nitric Oxide Svnthase Tyvpe i, Telomerase, Tumor
Suppressor Protein p33, Wemer Syndrome Hehicase, X-rav Repair Cross Complementing
Protein 1, Xeroderma Pigmentosum Group A Protein, Proliferating Cell Nuclear Antigen,
Promyelocytic Leukemia Protein, Protamines, Chupeine, Salmine, Proto-Oncogene Proteins ¢-
fos, Proto-Oncogene Protems c-jun, Proto-Oncogene Proteins c-mdm?2, Proto-Oncogene
Proteins c-myve, Proto-Oncogene Proteins c-rel, ran GTP-Binding Protein, Retinoblastoma
Binding Proteins, EZF1 ‘Transcription Factor, Retinoblastoma-Binding Protein 1,
Retinobiastoma-Bimding Protein 2, Retinoblastoma-Binding Protein 4, Retinoblastoma-
Binding Protein 7, Retinoblastoma-Like Protein pl07, Retinoblastoma-Like Protein p130,
Retinoblastoma Protein, Silent Information Regulator Proteins, Saccharomyces cerevisiae,
Thyroid Nuclear Factor 1, and Tumor Protein p73.

(8837  In some embodiments, the nuclear-localized reporter gene comprises a gene
encoding H2B fused to at feast one flucrescent reporter gene. In some embodiments, the
nuclear-localized reporter gene comprises a gene encoding an LRG protein, or fragment
thereot, fused to a nuclear-localized fluorescent reporier. In some embodiments, the nuclear-
localized reporter gene comprises a gene encoding an LGR3-H2B-GFP fusion protein, such
that GFP is present and detectable in ccls expressing endogenous LGRS, In some
crbodiments, the nuclear-localized reporter gene comprises a gene encoding an LRG4-HZB-
GFP fusion protein, such that GFP is present and detectable in celis expressing endogenous

LRG4. In some embodiments, the naclear-localized reporter gene comprises a gene encoding
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an LRG6-H2B-GEFP fusion protein, such that GFP 1s present and detectable in cells expressing
endogenous LRG6. In some embodiments, an LRG promoter {eg., LRG4 promoter,
LGRSpromoter, or LRG6 promotery, or a fragment thereof, is present and drives expression of
the transgene, independent of the presence or absence of one or more portions of the LRG genc
itself (e. g, introns, exons, or fragments thereof). In other embodiments, the LRG promoter, or
a fragment thereof, is present and drives expression of the transgene, and exprossion of the
transgenc may involve onc or more portions of the LRG gene wisclf {e.g, introns, exons, or
fragments thereot), which may act as enhancer elements {(¢.g., an LRG gene, or a portion
thereof, fused to a nuclear-locahized fluorescent reporter gene, or a portion thereof).

[8038] In some cmbodiments, a gene encoding an LGRS-H2ZB-GFP fusion protein
comprises a gene encoding HZB-GFP downstream of the LGRS ATG start site. In some
embodiments, the gene encoding the LGRS-H2ZB-GFP fusion protein comprises a gene
encoding H2B-GFP downstream of the LGRS ATG start site, and upstream of intron 1 of LGRS
{e.g.. within exon 1). In some emboduments, the gene encoding the LGRS-HZB-GFP fusion
protein does not contain an IRES site. In some embodiments, the gene encoding the LGRS-
H2B-GFP fusion protein comprises one or more fragments of SEQ D NO: 2, sach as one or
more fragments of the sequence surrounding the genomic insertion sife.

[8038]  In some embodiments, the transgene used to gencrate the animal models of the
present disclosure includes one or more tragments of SEQ ID NO: 2 {e.g., one or more
sequenaes surrounding the genomic inseriion site) or sequences with at least 80% homology to
these fragments of SEQ 1D NO: 2. In some cmbodiments, the transgene used to generate the
amimal models of the present disclosure mcludes one or more fragments of SEQ IDNO: 2 (e.g
one or more sequences surrounding the genomic insertion sife} or sequences that are at least
80%, 83%, 909, 95%, 96%, 97%, 98%, or 99% identical to one or more fragments of SEQ 1D
NO: 2. In some embodiments, variants of the transgene include one or more portions of an
LRG coding region, and/or one or more portions of an LRG non-coding region {e.g.,
comprising gene expression regulatory clements). In some embodiments, variants of the
transgence include neither a portion of an LRG coding region, nor a portion of an LRG non-
coding region.

[8844]  In some embodiments, conservative or non-conservative substitutions are made. For
example, it is contemplated that isolated replacement of a leucing with an isoleucing or valine,
an aspartate with a glutamate, a threonine with a serine, or a similar replacement of an amino
acid with a structurally related amino acid {e.g., conservative mutations} will not have a major

effect on the biological activity of the resulting molecule. Conservative replacements are those
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that take place within a family of anuno acids that are related in their side chains. Genetically
encoded amino acids can be divided into four families: (1) acidic (aspartate, glutamate); (2)
basic (lysine, arginine, histidine}; (3) nonpolar (alanine, valine, leucing, iscleucine, proline,
phenylalanine, methionine, tryptophan); and (4) uncharged polar (glvane, asparagine,
glutamine, cysiging, serine, threonine, tyrosing). Phenylalanmine, tryptophan, histiding, and
tyrosing are sometimes classified jointly as aromatic amine acids. In simifar fashion, the amine
acid repertoire can be grouped as (1) acidic {aspartate, glutamate); (2) basic (lysine, argining,
histidine), (33 aliphatic (glvcine, alanine, valing, leucine, 1soleucing, serme, threonme), with
serine and threonine optionally be grouped separately as aliphatic hydroxyl; {4} aromatic
{phenvlalanime, tyrosing, tryptophan), {5} amide {asparagine, glutamine}; and {6} solfur
containing {cysteine and methiomine) {e.2., Strver od., Biochemistry, pg. 17-21, 2nd ed, WH
Freeman and Co., 1981). “Non-conservative” changes (e.g., replacement of a glycing with a
tryptophan} are also contemplated. Analogous minor variations can also include amino acid
deletions or msertions, or both. Guidance in determining which amino acid residucs can be
substituted, 1nserted, or deleted without abolishing biological activity can be found using
computer programs {e.2., LASERGENE software, BDNASTAR Inc., Madison, W1},

(8848}  In some embodiments, at least one cell type or tissue type that expresses the
endogenous LGR gene is a stem cell. Jn some erabodiments, the at least one cell type or tissue
type that expresses the endogenous LGR gene comprises skin, eye, inner ear, gastromtestinal
track, uterus, ovary, prostrate, mammary gland, kidney, liver, pancreas, cervix, and/or placenta
cell types or tissue types. In some embodiments, one or more transgene-cxpressing cells of
these tissue types can be 1solated, and a cell ine can be established. In some embodiments, the
cell line 1s a primary cell line or an immortalized cell hine.

(8842} Embodiments of the present disclosure also include a method of screening an
mtcrvention for a discase or condition. In accordance with these embodiments, the method can
melude contacting a transgenic animal described herein, or a cell or cell Iine of derived from a
transgenic model descried herein, with a candidate intervention. The method can include
determining an effect of the intervention on a discase or condition in the transgenic animal {or
cell derived therefrom). In some embodiments, the disease or condition 1 imparied to the
transgenic amimal via genetic or chemical means.

{8643}  In some embodiments, the ntervention is selected from the group consisting of a
drug, a lifestyle change, an alternative medicine therapy, or a combination thereof. fn some

embodiments, the disease or condition s cancer. In some embodiments, the discase or
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condition 1s associated with stem cell function. In some embodiments, the disecase or condition
is an intestinal, hepatic, renal, lung, or skin disease or mjury.

[8844]  Section headings as used in this section and the entire disclosure herein are merely
for organizational purposes and are not intended to be limiting.

1. Definitions

188481  Unless otherwise defined, all technical and scientific terms used heren have the
same meaning as commonly understood by one of ordinary skill i the art. In case of conflict,
the present document, mchuding definitions, will control. Preferred methods and matenials are
described below, although methods and matenals similar or equivalent to those described
herein can be used in practice or testing of the present disclosure. AH publications, patent
applications, patents and other references mentioned herein are incorporated by reference in
their entirety. The materials, methods, and examples disclosed herein are lustrative only and
not intended o be imiting.

[8846] The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain{s),” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
wortds that do not preclude the possibility of additional acts or structures. The singular forms
“a,” “and” and “the” include plural references unless the context clearly dictates otherwise.
The present disclosure also contemplates other embodiments “comprising,” “consisting of” and
“consisting cssentially of)” the embodiments or clements presented herein, whether explicitly
set forth or not.

[8847]  For the recitation of numernic ranges herein, gach intervening number there between
with the same degree of precision is explicitly contemplated. For example, for the range of 6-
9, the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the
number 6.0,6.1,6.2,63,64,65,66,67, 68,69, and 7.0 arc explicitly contemplated.
88481  “Correlated to” as used herein refers to compared to.

[6048]  As used herein, the term “animal” refers to any animal (e.2.. a mammal), including,
but not imited to, humans, non-human primates, pigs, rodents {e. g, mice, rats, etc.), flies, and
the like.

[8034]  As used herein, the term “non-human amimals™ refers to all non-human animals
mcluding, but are not limited to, vertebrates such as rodents, non-human primates, ovines,
bovines, ruminants, lagomorphs, porcines, caprines, equines, canings, felines, aves, efc.
#8858}  The term “transgene” as used heren refers 1o a foreign, heterologous, or autologous

gene and/or fragment thercof that is placed into an organism {e.g., by introducing the gene into
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newly fertilized eggs or carly embrvos). The term “foreign gene” refers to any nucleic acid
{e.g., gene sequence) that is introduced into the genome of an animal by experimental
manipulations and may include gene sequences found in that animal so long as the introduced
gene does not reside m the same location as does the naturally-occurring gene.

1883521 As used herein, the term “transgenic animal” refers to any animal containing a
transgene.

138331 As used berein, the term “gene transfer system” refers to any means of delivering a
composition comprising a nucleic acid sequence to a cell or tissue. For example, gene transfer
systems nclude, but are not hmited to, vectors {e.g., retroviral, adenoviral, adenc-associated
viral, and other nucleic acid-based delivery systems), microinjection of naked nucleic acid,
polymer-based delivery svstems {e.g., liposome-based and metallic particle-based svstems),
biolistic injection, and the like. As used herein, the term “viral gene transfer system” refers to
gene transtor systems comprising viral clements {e.g., intact viruses, modified viruses and viral
components such as nucleic acids or proteins) to facilitate delivery of the sample to a desired
cell or tissue. As used herem, the term “adenovirus gene transfer system” refers to gene transfer
systems comprising intact or altered viruses belonging to the family Adenovindae.

[8854]  As used herein, the term “site-specific recombmation target sequences” refers to
nucleic acid sequences that provide recognition sequences for recombination factors and the
tocation where recombination takes place.

188381 As used herein, the term “nucleic acid molecule” refers to any nucleic acid
containing molecule, meluding but not limited to, DNA or RNA. The term encompasses
sequences that mclude any of the known base analogs of DNA and RNA mcluding, but not
hmted  to,  4-acetvlevtosine,  8-hydroxy-Né-methyladenosine,  azindinvleviosine,
pseudoisocviosine, S-{carboxvhydroxylmethyly wuracil, 3-fluorouracil, S5-bromouracil, 3-
carboxymethvlaminomethyl-2-thiouracil, 3-carboxymethylaminomethyluracil, dihydrouracil,
mosing, N6-isopentenviadenine, l-methyladenine, [-methyvipscudouracii, I-methylguanine,
1-methylinosine, 2,2-dimethyiguanine, 2-methviadenine, Z-methylguanine, 3-methyicytosine,
S5-methylcytosine, Né6-methvladenine, 7-methylguanine, 3-methylanunomethvluracil, 5-
methoxyaminomethyl-2-thiouracil, beta~-D-mannosvigueosine,
5-methoxvearbonylmethyvhuracil,  5-methoxyvuracil, Z-methvithio-N6-isopentenyladenine,
pracil-3-oxvacetic acid methylester. vracil-5-oxvacetic acid, oxyvbutoxosing, pseudouracil,

queosing, 2-thiocvtosine, 5-methvl-2-thiouraci, 2-thiouracil, 4-thiouraci, S-methyluracil, N-

]

uraci-5-oxvacetic acid methyiester, uracil-S-oxvacetic acid, pseudouracil, queosine,

thioeytosing, and 2, 6-diaminopuring,
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18856]  The term “gene” refers to a nucleic acid {e. g, DNA} sequence that comprises coding
sequences for the production of a polypeptide, precursor, or RNA (e.g., rfRNA, tRNA}. The
polypeptide can be encoded by a full-length coding sequence or by any portion of the coding
sequence s0 long as the desived activity or functional properties {e.g., cnzymatic activity, ligand
binding, signal transdaction, immumogenicity, ete.} of the full-length or fragment are retained.
The term also encompasses the coding region of a structural gene and the sequences located
adjacent to the coding region on both the 5 and 3' ends for a distance of about 1 kb or more on
either end such that the gene corresponds to the length of the full-length mRNA. Sequences
located 3' of the coding region and present on the mRNA are referred to as 5' non-translated
sequences. Sequences located 3' or dowunstream of the coding region and present on the mRNA
are referred to as 3" non-translated sequences. The term “gene” encompasses both ¢DNA and
genomic forms of a gene. A genomic form or clone of a gene contains the coding region
mterropted with non-coding sequences termed “introns” or “intervening regions” or
“intervening sequences.” Introns arc segments of a genc that are transcribed into nuclear RNA
(hnRNA); mtrons may contain regulatory elements such as enhancers. Introns are removed or
“spliced cut” from the nuclear or primary transcript; introns therefore are absent in the
messenger RNA (mRNA) transcript. The mRNA functions during translation to specify the
sequence or order of amino acids in a nascent polvpeptide.

[88%87]  Asused herein, the term “heterologous gene” refers to a gene that 18 not in its natural
environment. For example, a heterologous gene includes a gene from ong species mtroduced
mto another species. A heterologous gene also includes a gene native to an organism that has
been altered in some way {e.g., mutated, added in multiple copies, linked to non-native
regulatory sequences, ctc). Heterologous genes are distinguished from endogencus genes in
that the heterclogous gene sequences are typically joined to DNA sequences that are not found
naturally associated with the gene sequences in the chromosome or are associated with portions
of the chromosome not found in nature {e.g., genes expressed in loci where the gene 1s not
normally expressed).

16368381 Asused herein, the term “oligonucieotide,” refers to a short length of single-stranded
polynucieotide chain. Gligonucleotides are typically less than 200 residues long (e.2., between
15 and 100, however, as used herein, the term s also mtended to encompass longer
polynucleotide chains. Gligomucleotides are often referred to by their length. For exampie, a
24-residue oligonucicotide is referred 1o as a “24-mer.” Oligonucleotides can form secondary

and tertiary structures by seif-hybndizing or by hybridizing to other polvnucieotides. Such
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structures can nclude, but are not imited to, duplexes, hawrpins, cruciforms, bends, and
triplexes.

[6858]  The term “isolated” when used in relation to a nucleic acid, as i “an isolated
oligonucleotide™ or “isolated polvoucleotide™ refers to a nucleic acid sequence that 1s identified
and separated from at least one component or contaminant with which 1t is ordinarily associated
i its natural source. Isolated nucleic acid is such present in a form or setting that i1s different
from that in which it 1s found i nature. In contrast, non-isolated nucleic acids as nucleic acuds
such as DNA and RNA found in the state they exist in nature. For example, a given DNA
sequence (.2, a gene) 1s found on the host cell chromosome m proximity to neighboring genes;
RNA sequences, such as a specific mRNA sequence encoding a specific protein, arg found 1n
the cell as a mixture with numerous other mRNAg that encode a multitude of proteins.
However, isolated nuclete acid encoding a given protein includes, by way of example, such
nucleic acid i cells ordinarily expressing the given protein where the mucleic acid is in a
chromosomal location differcut from that of natural celis, or is otherwise flanked by a different
nucleic acid sequence than that found i nature. The isolated nucleic acid, oligonucleotide, or
polynucleotide may be present in single-stranded or double-stranded form. When an isolated
nucleic acid, oligonuclectide or polynucleotide is o be utilized to express a protein, the
oligonucleotide or polynucleotide will contain at a nminimum the sense or coding strand (i.e.,
the oligonucleotide or polynuclectide may be single-stranded), but may contain both the sense
and anti-sense strands {i.¢., the oligonuclestide or polynuclectide may be double-stranded).
166681  As used herein, the term “punified” or “to punfy” refers to the removal of
components {e.g., confaminants} from a sample. For example, antibodies are purified by
removal of contamimating non-immunoglobulin proteins; they are also purified by the removal
of mnmunoglobulin that does oot bind to the target molecule. The removal of non-
immunoglobulin proteins and/or the removal of inununoglobulins that do vot bind to the target
molecule results in an increase in the percent of target-reactive immunoglobuling in the sample.
In another example, recombinant polypeptides are expressed i bacterial host cells and the
polypeptides are purified by the removal of host cell proteins; the percent of reconthinant
polvpeptides 1s thereby mcreased n the sample.

[8868]  Unless otherwise defined herem, scientific and technical terms used in connection
with the present disclosure shall have the meanings that are commonly understood by those of
ordinary skifl in the art. For example, any nomenclaturcs used i conncction with,
and techmques of, cell and tissue culture, molecular biology, immunology, microbiology,

genetics and protein and mucleic acid chemistry and hybridization described herein are
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those that are well known and commonly used m the art. The meaning and scope of the terms
should be clear: in the event, however of any latent ambiguity, definitions provided herein take
precedent over any dictionary or extrinsic definition. Further, unless otherwise required by

context, singular terms shall include pluralities and plural terms shall include the smgular.
2. Transgenic Reporter Systems and Methods of Use

188621  Embodiments of the present disclosure mnclude the use of the transgenic reporter
systems provided herein, including the LGRS-H2ZB-GFP reporter system. In accordance with
these embodiments, the methods include using the transgenic models of the present disclosure
in the context of a disease or condition, such as a discase related 1o stem cell biology and/or
cancer. For example, the transgenic models of the present disclosure can be used to investigate
skin regeneration and/or wound healing (e.g.. as a result of a burn}. In some embodiments, the
LGRS-H2B-GFP reporter system can be used to track the progress of LGRS-expressing stem
cells after the transgenic model {or cells isolated from the transgenic model) is subjected to an
mtervention mvolving damage to the skin. Similarly, the transgenic model can be used to
investigate the efficacy of various therapies designed to reduce or treat the skin damage. For
cxample, the H2B nuclear localization tag {chromatin-specific} is particularly useful, as i
allows for lincage tracing studics and investigations into chromosome dyvnamics by identifving
the timing of when LGRS gene expression is activated or deactivated.

{68631 In some embodiments, the transgenic models of the present disclosure can be used
to mvestigate cancer progression and cancer therapy, such as, but not imited to, ovanan cancer,
colorectal cancer, hepatoceliular carcinoma, basal cell carcinoma, breast cancer, and
esophageal adenocarcinoma, among others. In some embodiments, the LGR5-H2B-GFP
reporter svsiem can be used to track the progress of LGRS-ecxpressing stem cells after the
transgenic model (or cells isolated from the transgenic model) is subjected to an mtervention
that causes cancer in the model (¢.z.. genetic manipulation}. Sunilarly, the transgenic model
can be used to mvestigate the efficacy of various therapies desigoed to reduce or treat the
cancer. As would be recognized by one of ordinary skill in the art based on the present
disclosure, other diseases or conditions involving LGRs can be mvestigated using the
transgenic models of the present disclosure.

[8064] In some embodiments, adeno-associated viruses designed to mutate the BRCA-1
and/or BRCA-2 gene and/or p53 gene can be injected mto the mammary glands of transgenic
animais. In addition, chemical mduction methods can also be tested. If LGRS 15 indeed a cancer

stem cell, the tumors would be positive for transgene expression {e.g., ¢GFP) and may or may
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not be clonal. Iftumors are induced, the animals would be used for studyving tumor progression
and identifying early stage biomarkers; studying tumor progression, biclogy of tamor growth,
and transcriptomics of tumor to onderstand molecular mechanisms; and vonderstanding the role
of mesenchymal LGRS cells in tumor progression in a tissue-specific manner.

[8868)  In some embodiments, one or more transgene positive cells from the transgenic
models provided herein can be 1solated and cultured, either as pnmary cells or as immortalized
cells. This facilitates o vitro experiments that arc more difficult to conduct in vivo, such as
experiments to identify modulators of a disease {e.g., proteins, peptides, peptidomimetics,
peptoids, small molecudes or other drugs). In some embodiments, the transgenic models
provided herein can be used to identify and isolate LGRS stem cells from various tissues, for
example, based on GFP expression from an LGRS transgene (sec Example 3} In some
embodiments, these isolated stem cells can be cultured in a suitable matrix and under suitable
conditions to form organcids, which can provide a 3D model that more accurately mimics
tissuc architecture than 2D cell culture.

[8866]  The transgenic models of the present disclosure can be generated via a variety of
methods. In some embodiments, CRISPR/Cas 9 systems are used to generate transgenic
anmimals (see e.g., Zhang F, Wen Y, Guo X (2014} Homan Molecular Genetics. 23 (R} R40-
6). In some embodiments, embryvonal celis at various developmental stages arc used to
mitroduce transgenes for the production of transgenic animals. Different methods are nsed
depending on the stage of development of the embryonal cell. The zygote is the best target for
micro-tigection. The use of zygotes as a target for gene transfer has a major advantage in that
in most cases the injected DNA will be incorporated into the host genome betore the first
cleavage (Brinster ef ¢/, Proc. Natl. Acad. Sci. USA 82:4438-4442 (1985)). As a consequence,
all cells of the transgenic non-human antmal will carry the incorporated transgene. This will in
general also be reflected in the cfficient transmission of the transgene to offspring of the
founder since 50% of the germ cells will harbor the transgene. Additional methods for
generating transgenic animal are described, for example, in Palmiter, Ann.Rev. Genet. 20:465-
99 (1986); Gordon, Methods in enzymology, vol 225; and Camper, Biotechmigues. Vol 5. No
7. {1987).

18867 In other embodiments, retroviral infection can be used to introduce transgenes into
anon-human animal. In some embodiments, the retroviral vector is utilized to transfect cocytes
bv injecting the retroviral vector into the perivitelline space of the oocyte. In other
embodiments, the developing non-human embrvo can be cultured i vifro to the blastocyst

stage. During this time, the blastomerss can be targets for retroviral infection (Janenich, Proc.
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Natl. Acad. Sci. USA 73:1260 (1976)). Efficient infection of the blastomeres is obtamed by
enzymatic treatment to remove the zona pellucida (Hogan ef al., m Manipulating the Mouse
Embryo, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1986}}. The viral
vector system used to introduce the transgene 1s typically a replication-defective retrovirus
carrving the transgene {Jahnere/al, Proc. Natl. Acad Sci. USA 82:6927 (1985}, Transfoction
s casily and cfficiently obtained by culturing the blastomeres on a monclayer of virus-
producing cells (Stewart, ef af, EMBO J, 6:383 (1987)). Additional means of using
retroviruses or retroviral vectors to create transgenic animals known to the art mmvolve the
micro-injection of retroviral particles or mitomycem C-treated cells producing retrovirus into
the perivitelline space of fertilized eggs or early embryos (PCT International Application WO
90/08832 (1990}, and Haskell and Bowen, Mol. Reprod. Dev., 40:386 (1995)).

ji#68]  In other embodiments, the transgene is introduced into embryonic stem cells and the
transfected sten: cells are utilized to form an embryo. ES cells are obtained by culturing pre-
mmplantation crobryos 7 virre under appropriate conditions (Evans er of, Nature 292:154
{198 1); Bradley ef of., Nature 309:255 (1984); Gossler er /., Proc. Acad. Sci. USA 83:9065
{1986); and Robertson er ol , Nature 322:445 {1986)). Transgenes can be efficiently introduced
into the ES cells by DNA transfection by a varety of methods known to the art including
calciom phosphate co-procipitation, protoplast or spheroplast fusion, lipofection and DEAKE-
dextran-mediated transfection. Transgenes may also be mtroduced into ES cells by retrovirus-
mediated transduction or by micro-injection. Such transfected ES cclis can thereafier colonize
an embryo following their introduction nto the blastocoel of a blastocyst-stage embryo and
contribute to the germ hine of the resulting chimeric ammal (for review, See, Jaenisch, Science
240:1468 (1988)). Prior to the mtroduction of transfected ES cells into the blastocoel, the
transfected ES cells may be subjected to vanous selection protocols to enrich for ES celis which
have integrated the transgene assuming that the transgene provides a means for such sclection.
Alternatively, the polvmerase chain reaction may be used to screen for ES cells that have
mtegrated the transgene. This technique obviates the need for growth of the transfected ES
cells under appropriate selective conditions prior to transfer into the blastocoel.

[886%]  In still other embodiments, homologous recombination is utilized to knock-out gene
function or create deletion mutants {e.g., truncation mutants}, Methods for homologous

recombination are described in, for example, U8, Pat. No. 5,614,366,
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3. Fxamples

[B8676] It will be readily apparent to those skilled in the art that other suitable modifications
and adaptations of the methods of the present disclosure described herein are readily applicable
and appreciable, and may be made using suitable equivalents without departing from the scope
of the present disclosure or the aspects and embodiments disclosed herein. Having now
described the present disclosure in detail, the same will be more clearly understood by
reference to the following examples, which are merely mntended only to 1Hustrate some aspects
and embodiments of the disclosure, and should not be viewed as hmiting to the scope of the
disclosure. The disclosures of all journal references, U5, patents, and publications referred to
herein are hereby incorporated by reference in their entiretics.

[8678]  The present disclosure has multiple aspects, illustrated by the following non-limiting

examples.

Example 1

[8872]  Generation of LGRS-HZB-GFP transgenic model. As shown in FIG. 1,
embodiments of the present disclosure include an H2B-GFP transgene inserted into a region of
the endogenous LGRS gene locus. In one embodiment, an H2B-GFP fusion construct was
mserted mto exon 1 of LGRS, downstream of the ATG start site and upstream of intron 1, and
expression of the transgene is driven by the endogenous LGRS promoter.

188731  Shown below is a representative schematic diagram of a construct used to make the
transgenic models, according to one embodiment of the present disclosure, including the

corresponding nsertion sites of the transgene.
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8874  The polynucleotide sequence corresponding to this construct is provided as SEGQG ID
MNO: 1. The polynucleotide sequence of the LGR3-H2ZB-GFP koock-in, mncluding the genomic
msertion sties, is represented by SEQ ID NO: 2. A transgenic reporter was generated by hinking
the porcine H2B and GFP coding sequences. Additionally, 57 and 3° homology arms were
added so ag to target the transgene to the 5 end of the pig endogenous LGRS gene. The design
placed the incoming reporter just downstream of the LGRS ATG sequence. Using
nucleofection, the targeting plasmid and a CRISPR-Cas9 with guide RNA were mtroduced mto
the prg LGRS just downstream of the ATG signal. The cells used were porcine fetal fibroblasts.
Fibroblasts were seeded as single cell clones and colonies were identified that had the correct
mseriion (FIG. 2B). Those cell lines were used for somatic cell nuclear transfer to produce the
fransgenic pigs.

(B878)  Previous attempts to generate an LGR transgenic reporter model used a Bacterial
Artificial Clromosome containing all the LGRS regulatory regions and a fluorescent tag
mserted mto a region of the gene. The BAC was imtroduced into cell by nucleofection and the

resulting cells used for SCNT. Transgenic pigs containing the BAC were analyzed and none
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expressed the reporter as expected. Further analysis indicated that the BAC had rearranged
making the reporter inactive. Additionally, an approach was ased that was previously used in
mice (see, e.g., Morita et al., Mol Cell Bio; 24:9736-9743 (2004}), which introduced an internal
ribosomal entry site (IRES) linked to a cytoplasmic GFP and mserted this reporier into the 3
UTR after Exon 18. This reporter was introduced mto the pig LGRS locus using TALENs
induced homology directed repair and generated multiple offspring. Progeny was extensively
analvzed, and 1t was determined that the reporter was active but was of hitile utility as it only
mirrored the endogenous LGRS pattern m some tissues.

8876}  Consequently, the H2B-GFP was knocked-in and simultaneously the opposite allele
was corrected/protected using CRISPR-CAS HDBR and a single strand DNA carrying the wild
type LGRS sequence. Essentially, this system was designed to turn the INDEL 1o the opposite
allele into a wild type allele (FIG. 2A). Additionally, a screen wdentified two colonics
containing the knock in {feft panel) and ong of them alsc carrving the corrected allele (lane 6),
demonstrating the efficacy of this approach (FIG. 2B). This has been confirmed using
sequencing and by generating additional colonies.

(8877} Therefore, as provided herein, the transgenic models of the present disclosure
include several alterations from past models and from currently existing models, including, but
not hmited to: removing the IRES that contributed to gene silencing in some tissues; moving
the reporter to the 57 end to create a LGRS-H2B-GFP fusion protein; and moving from the

cytoplasmic to the porcing H2B-GFP chromatin/ouclear label.

Example 2

[6878]  Gene expression patterns in LGES-HZB-GFP transgenic model. As shown in
FIGS. 3 and 4, transgene expression in these lmes consistent with endogenous LGRS
expression, contained bright and easily scoreable nuclear-localized GFP expression in LGRS5-
expressing cells, including, for example, the duodenum, the jejunum, the skin and biliary trec.
Expression in other cells and tissue types were also observed (data not shown).

[8879]  LGRS-expressing stem cells play kev roles in many organs; thus, each organ can be
a potential clinical target. LGRS eoxpression has been reported m skin, eve, inner ear,
gastromntestinal track, uterus, ovary, prostrate, mammary gland, kidney, liver, pancreas, corvix,
and/or placenta cell types or tissue types. And in each of these tissues there are associated
disorders, some of which may be dependent on LGRS cells (e g, cancer). In addition, LGRS

cells are activated upon injury so the transgenic modeis provided herein can be used to clucidate
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how each tissue deals with mjury, which will help determine the role of LGRS cells and to find
new targets of therapeutic development.

j8088]  Finally, transgenic pig models have unique characteristics that make them more
amenable to developing therapeutics that can be successful in a human population. From a
regulatory FDA perspective, 1t may be possible to do both safety and efficacy testing in these

animals and reduce the burden needed to inttiate human clinical trials.

Example 3

[6881]  As shown in FIGS. 3A-5C, experiments were conducted to investigate whether
expression of endogenous LGRS mRNA co-localizes with LGR5-H2B-GFP transgene protein
expression. Results clearly demonstrate that endogenous LGRS RNA transcripts (FIG. 5B)
were co-expressed in the same location as H2B-GFP (FIG. 5A). RNA Scope for a pig-specific
LGRS probe shows that LGRS RNA transcript can be detected in the same location that LGRS
driven H2B-GFP 15 expressed in the outer-root sheath of the hair follicle in the skin. (FIG. 5A,
anti-GFP antibody; FIG. 5B, RNA-Scope (im situ hybridization) probe specific to porcine
LGRS, FIG. 5C, merged images).

[8682)  Experiments were also conducted to mvestigate whether endogenous LGRS-H2ZB-
GFP transgene protein expression is consistent with endogenous LGRS protein expression. As
shown in FIGS., 6A-6C, results clearly demonstrate that LGRS5-H2B-GFP transgene is
expressed in Jocations consistent with endogenous LGRS expression in various stages of the
hair growth cycle, inclading duning anagen (FI(G. 6A), catagen (FIG. 6B), and telogen (FIG.
6C) stages. FIGS. 6A-6C include representative 20x confocal microscopy images of dorsal skin
from a onc-week old transgenic piglet. Green: nuclear HZB-GFP, blue: DAPL LGRS
expressing cells (nuclear green) are found within the hair follicle, but not in any other location
throughout the epidermis. This model faithfully recapitolates the expected position of LGRS
stern cells within the stages of the hair cvcle.

[B083]  As shown in FIGS. 7TA-TC, GR5-H2B-GFP transgene expression m individual
epidermal cells also correlates with endogenous LGRS mRNA expression. Single cell
epidermis was 1solated from LGRS-HZB-GFP samples and sorted based on GFP expression.
Each sample was analyzed for levels of endogenous LGRS mENA expression by RT-gPCR.
Values are normalized to GAPDH and RNA extracted from all components of skin in a delta-
delta CT analysis. Additionally, FIGS. 8A-8D mcludes representative scatter plots from FACS
sorting of GFP-positive stem cells expressing the LGRS-HZB-GFP transgene 1 hver (FIG.
8A), biliary tree (FIG. 8B), pancreas (FIG. 8C), and small intestine (FIG. 8D}, which
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demonstrates that LGRS-postive stem cells can be obtamed from varnious tissues of the
transgemc animals described further herein,

{8684}  Because the LGRS transgenic amimals of the present disclosure facilitate the
1solation of LGRS stem cells, expeniments were conducted to test the ability of these stem cells
to form organoids. As shown in FIGS. SA-SB, representative bar graph results demonstrate the
ability to from organoids with efficiency (FIG. 9A) and proper size (FIG. 9B) from LGRS-
GFP-positive hatr follicle stom cells. Cells were isolated from LGRS-H2B-GFP transgenc
containing porcing epidermus and single cell sorted based on tluorescence. Cells were plated n
organoid conditions in Matrigel containing growth factors inchiding Wit and R-spondin. After
passaging, organoids derived from LGRS-H2BGFP-expressing epidermal cells were able to
form organoids. Additionally, as shown n FIGS. 10A-108, LGR3-GFP-positive cells plated
i Matrigel containing growth factors formed skin organoids (FIG. 10A) and biliary tree
organcids (FIG. 10B). Natural nuclear GFP expression in a fluorcscent microscope is shown
m the left image, brightficld images arc in the center, and merged images are on the right.
Images were obtained afier 12 days in culture and display markers of proliferation, epidermis,
and stem cells (data not shown but can be available upon request} Additionally, as shown n
FiG. 11, day 42 organcids were characterized using various epidermal markers. Each panel
shows a cryosection of an organoid stained with DAPL the indicated marker {ACTIN, Loricrin,
Ki67cd200 k85, and ket14), or merged. These results demonstrate that organoids form cellular
layers with positive marker expression in the epidernis toward the exterior of the organoid,

whereas intracellular portions of the organoid contained keratinized cells (no nucleiand ECM).

Example 4

[8688]  Experiments were also conducted to compare LGR3-GFP expression in an existing
mouse model and a porcine model. FIGS. 12A-12D inchude representative images of LGRS-
GFP expression in a mouse model (FIGS. 12A-12B) as compared €0 a porcine model (FIGS.
12C-1203). GFP expression is overlaid with DAPI staming m FIGS. 12B and 12D Confocal
microscopy of crvosections from telogen stage mouse skin (maturally synchronized) from
LGRS-IRES-GFP model skin. GFP fluorescence is deiected in a few cells at the base of the
hair follicle (hair is auto-fluorescent). Cross section of hairs from LGRS-HZB-GFP porcine
skin demonstrating several stages of the hair cvele (naturally asvnchronous). Nuclear GFP
allows for tracking of cells at single cell resolution.

[8086] In addition io successful LGRS5-GFP expression in a porcine model. experiments

were conducted to assess cxpression in the context of cell proliteration. As shown in FIG. 13,
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hatr follicles surrounding a wound displaved increased proliferation. LGRS-GFP+ hair follicke
cells from skin within 1 ¢m of a chronic ulcer wound show increased staining with Ki-67, a
nuclear marker for proliferation. These results demonstrate contribution of the LGRS-GFP
stern cells toward re-epithehialization of wounds and the hyper-proliferative response of the
LGRS-stem cell populations. Uninjured follicles show minimal co-localization with Ki-67 m
the LGRS5-GFP stem cells {(shown is catagen stage uninjured hair follicle to match catagen
mjured follicle}.

[8687]  As shown m FIGS. 14A-14C, LGRS5-GFP expression was also found in hair germ
cells, the primary proliferating hair germ cells in anagen (GFP expression is overlaid with Ki67
staining FIG. 14B, and DAPI staining 1o FIG. 14C). Representative images of the base of an
anagen stage hair follicle shows stem cell proliferation and H2B-GFP dilution. 20x confocal
microscopy shows the hair follicle expressing natural GFP (FIG. 14A), co-stained with the
nuclear marker for proliferation Ki-67 (FIG. 148}, and DAPI (FIG. 14C). Scale bar indicates

100 uM. Nuclear GFP allows for single cell resolution and tracking of cell behavior.
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CLATMS
What ts claimed is:

1. A non-human transgenic animal comprising a genome that expresses a nuclear-
localized reporter gene in at least one cell type or tissue type that also expresses an
endogenous leucine-rich repeat-containing G-protein coupled receptor (LGR) gene.

2. The transgenic animal of claim 1, wherein the endogenous LRG gene s leucine-rich
repeat-containing G-protein coupled receptor 4 (LGR4), LRG gene 1s leucine-rich repeat-
containing G-protein coupled receptor 3 (LGR3), or LRG gene 18 leucine-rich repeat-

containing G-protein coupled receptor 6 (LGRSG).

3. The transgenic amimal of claim 1, wherein the nuclear-localized reporter gene 1s a

fluorescent reporter.

4, The transgenic antmal of claim 3, wherein the fluorescent reporter comprises at least
one of GFP, ¢GFP, mCherry, CFP, BFP, YFP, ¢ YFP, photoactivatable GFP, dsRed
{Discosoma species fhuorescent protein), mFruits (mutants of dsRed), TagRFPs (Evrogen},
eqFP611 (isolated from sea anemone Entacmaea quadricolor), Dronpa (photoswitchable
fluorescent protein}, and EosFP (photoconvertable fluorescent protein).

5. The transgenic animal of claim 1, wherein the muclear-localized reporter gene

comprises a gene encoding HZB.

6. The transgenic animal of claim 5, wherein the nuclear-localized reporter gene

comprises a gene encoding an HZB-GFP fusion protein.

7. The transgenic animal of claim 1, wherein the muclear-localized reporter gene
comprises a gene encoding an LRG protein, or fragment thereof, fused to a nuclear-localized
fluorescent reporter.

3. The transgenic ammal of claim 7, wherein the nuclear-locahized reporter gene

comprises a gene encoding an LGRS-H2B-GFP fusion protein.
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9. The transgenic animal of claim 8, wherein the gene encoding the LGR5-H2B-GFP

fusion protein comprises a gene encoding H2B-GFP downstream of the LGRS ATG start site.

10, The transgenic animal of claim &, wherein the gene encoding the LGRS-H2ZB-GFP
fusion protein comprises a gene encoding H2B-GEFP downstream of the LGRS ATG start site,

and upstream of intron 1 of LGRS,

it The transgenic animal of claim 8, wherein the gene encoding the LGR5-H2B-GFP

fusion protein does not contain an IRES site.

12, The transgenic animal of claim 8, whercin the genc encoding the LGRS-H2B-GFP

fusion protein comprises one or more fragments of SEQ ID NG: 2.

13, The transgenic animal of claim 1, wherein the at least one cell type or tissue type that

expresses the endogenous LGR gene 1s a stem cell.

14 The transgenic antmal of claim 1, wherein the at least one cell type or tissue type that
cxpresses the endogenous LGR gene comprises skin, eye, inner ear, gastrointestinal track,
wierus, ovary, prostrate, mammary gland, kidney, liver, pancreas, cervix, and/or placenta cell

types or tissug types.

15, A cell or cell ine denved from the transgenic animal of claim 1.
16. The ccH or cell line of claim 15, wherein the cell hine is a primary cell line or an

mnmortalized cell line.

17. The cell or cell line of claim 15, wherein the cell 1s a stem cell.
18, An organoid derived from the stem cell of claim 17,
19. A method of generating an organoid comprising culturing the stem ocH of claim 17 in

a matrix under conditions sufficient to promote growth and/or proliferation of the stem cell.
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20. A method of screening an intervention for a disease or condition, the method
comprising;

a) contacting the transgenic animal of claim 1 orthe cell or cell fine of claim 15 with a
candidate intervention; and
b} determining the effect of said intervention on a disease or condition i the

transgenic animal.

21. The method of claim 20, wherein the intervention is selected from the group
congisting of a drug, a hifestyle change, an alternative medicine therapy, or a combination
thereof.

22. The method of claim 20, wherein the disease or condition is cancer.

23. The method of claim 20, wherein the disease or condition 1s associated with stem cell

function.

24, The method of claim 20, wherein the disease or condition is an intestinal, hepatic,

renal, lung, or skin disease or wgury.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |, claims 1-17, directed to a non-human transgenic animal, or a cell thereof.
Group I, claims 18-19, directed to an organoid or a method of generating an organoid.
Group I, claims 20-24, directed to a method of screening an intervention for'a disease or condition.

The inventions listed as Groups |-l do not relate to a single special technical feature under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:

Group | has the special technical feature of a composition consisting of a non-human transgenic animal, or a cell thereof, that is not
required by Group Il or 11l

Group |l has the special technical feature of a composition consisting of an organoid or a method of generating an organoid, that is not
required by Group | or ill.

Group [Il has the special technical feature of contacting a transgenic animal or cell(s) therefrom with a candidate intervention and
determining the effect of said intervention, that is not required by Group | or Il

Common technical features:

Groups |-1ll share the common technical feature of a non-human transgenic animal comprising a genome that expresses a nuclear-
localized reporter gene in at least one cell type or tissue type that also expresses an endogenous leucine-rich repeat-containing G-
protein coupled receptor (LGR) gene, and a cell or cell line derived from the transgenic animal

However, this shared technical feature does not represent a contribution over prior art, because this shared technical feature is
previously made obvious by US 2018/0221441 A1 to Koninklijke Nederlandse Akademie van Wetenschappen. (hereinafter "KNA").

KNA teaches a non-human transgenic animal comprising a genome that expresses reporter gene in at least one cell type or tissue type
that also expresses an endogenous leucine-rich repeat-containing G-protein coupled receptor (LGR) gene (para [0165] "a recombinant
animal comprising a first reporter gene under control of a LgrS or Lgré promoter such that the reporter gene product is expressed in cells
expressing Lgrd or Lgré"; [0171] - "Said second reporter gene is preferably inserted into a genomic region that provides robust,
prolonged expression of the transgene after activation, such as the ROSA locus if the transgenic animal is a mouse."; para [0388] -
"Lgr6-EGFP-Ires-CreERT2 mice were generated by homologous recombination in embryonic stem cells targeting an EGFP-Ires-
CreERT2 cassette to the ATG of Lgr6."; para [0404] - "The analysis of endogenous Lgr5 expression was determined in L8 cells."; para
[0252] - "In yet another embodiment, the invention provides (a collection of) cancer stem cells comprising Lgr5 and/or 6 embedded in
their cell membrane”). KNA does not specifically teach the reported is a nuclear localized. However, KNA does teach detection of the
reporter in the nucleus of cells (para [0339] - "26 days old Lgr6-EGFP-Ires-CreERT2 mice (early anagen) were obtained and stained for
nuclear DNA (Topro) and EGFP visualized using confocal microscopy (A-C)."). Use of nuclear localized reporters was well known in the
art of biology at the time in order to measure expression of a gene in the nucleus of a transgenic cell. Therefore, it would have been
obvious to one of ordinary skill in the art to have used a nuclear localized reporter in the KNA methods, in order to better detect
expression of LGR due to transgene expression in the nucleus of a transgenic cell generated by KNA methods.

KNA further teaches a cell or cell line derived from the transgenic animal of claim | (para [0155] - "The invention further provides isolated,
genomicly modified stem cells obtainable by a method of the invention."; para [0252] - "In yet another embodiment, the invention
provides (a collection of) cancer stem cells comprising Lgr5 and/or 6 embedded in their cell membrane").

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Group |-l inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special technical
feature.
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