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TITLE: CANINE HEPATIC ORGANOIDS

CROSS REFERENCE TO RELATED APPLICATIONS
This international patent application claims the benefit of priority of U.S. Provisional
Patent Application Nos. 63/200,614, filed March 18, 2021 which is incorporated herein by

reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

This invention was made with Government support under Contract Number [0S2127995
and Contract Number [IP1912948 awarded by the National Science Foundation, and under
Contract Number W81XWH-20-1-0620 awarded by the Department of Defense. The

government has certain rights in the invention.

FIELD OF THE INVENTION
Described herein are compositions for the growth of canine epithelial organoids and
methods of using such organoids. Transwell systems and methods for culturing, freezing, and

recovering organoids are also provided.

BACKGROUND OF THE INVENTION

Animal models, particularly murine models, have been employed extensive to study
diseases due to cost effectiveness, ethical considerations, and the easy accessibility to
genetically engineered technology. Despite the wide use of mouse models in biomedical
research, the translational value of mouse studies for human disease remains controversial. In
addition, mice and other rodents often fail to adequately represent the human condition, as well
as drug response in toxicity and efficacy studies. Given the high failure rate of drugs from
discovery and development through the clinical trial phase (i.e., more than 90%), there is now a
critical need for better animal models for preclinical studies.

Models for larger animals, such as the dogs, are typically more representative than mice
as they have a relatively large body size, longer life span, more closely resemble human GI
physiology, and develop spontaneous, analogous diseases including inflammatory bowel disease
(IBD) and colorectal cancer (CRC). Dogs have been used as an animal model for human health
and disease from the ancient to the modern era. The dog is still considered to be superior to non-
rodent mammalian animal models for pharmaceutical research and is preferred by the FDA for
initial safety data of drugs for human use. Although the dog has contributed immensely to the

advancement of medical knowledge in the past, the use of the dog in medical research has
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declined in recent years due to the emotional perceptions among the public and ensuing ethical
concerns with canine research.

Currently, there are a limited number of canine-specific primary cell lines to investigate
epithelial physiology, such as bile duct physiology, ex vivo or in vifro. For example, for hepatic
physiology the well-characterized immortalized cell lines including the Madin-Darby canine
kidney (MDCK) cells do not accurately model hepatic epithelial interactions in the dog due to
their origin from immature kidney cells. Recently, isolated primary canine hepatic epithelial
cells have been immortalized with a temperature-sensitive mutant of the Simian Virus 40 large
tumor antigen (SV40 T-Ag). Although this cell line can be grown on a monolayer, the SV40 T-
Ag may initiate pathways which could provide spurious, non-physiologic findings ex vivo given
its tumorigenic cell line origin.

Canine GI organoids arose as a model to bridge the gap in the drug development pipeline
by providing a more representative in vitro model to test drug efficacy and toxicity in preclinical
studies, as well as an innovative screening tool in drug discovery, while also reducing the
number of animals needed for in vivo studies. Thus, the ultimate goal of the herein disclosed
research is to culture canine hepatic organoids from healthy and diseased dogs to develop better
therapeutic strategies and personalized medicine for both animal and human health.

Stem cell-derived 3D organoids have emerged as a cutting-edge cell culture technology
to study the developmental biology of the intestines, brain, stomach, and liver; drug discovery
and toxicity screening; drug testing for personalized medicine; infectious disease biology of the
microbiome, including bacteria and viruses; and regenerative medicine. Organoids are
collections of organ-specific cell aggregates derived from either primary tissue or stem cells that
are capable of organ-like functionality in an in vifro environment. The 3D organoid model better
reproduces the in vivo biology, structure, and function, as well as genetic and epigenetic
signatures of original tissues, unlike widely used two-dimensional (2D) cell monolayer models
that utilize cancer and immortalized cell lines.

Organoids may be developed from either embryonic or induced pluripotent derived stem
cells (iIPSC) or organ-specific adult stem cells (ASC). Organoids derived from ASCs are
generated without genetic transduction by transcription factors, unlike organoids derived from
1PSCs, thus providing a more physiologically relevant in vitro model than iPSC-derived
organoids. ASC-derived organoids are a functional model that can be differentiated to replicate

the in vivo adult environment and can be safely transplanted into animals and humans.



10

15

20

25

30

WO 2022/197935 PCT/US2022/020768

SUMMARY OF THE INVENTION

Compositions for the growth of canine epithelial organoids and methods of using such
organoids are described herein. Said compositions include models for the study of
developmental biology of the liver and other epithelial tissues, drug discovery and toxicity
screening, drug testing for personalized medicine, infectious disease biology of viruses, bacteria
and other infectious agents, the interaction of the microbiome with the epithelial cell layer,
cancer, regenerative medicine, and personalized medicine. Methods and systems for culturing,
freezing, and recovering of the frozen cells are also provided.

An advantage of the invention is to provide models which more closely reflect the
physiological state of a subject or subjects than the currently available model systems. It is an
advantage of the present invention that the models may be further genetically modified. It is also
an advantage of the models that they either represent a single time point or by taking advantage
of the shorter lifespan of canines compared humans to be create longitudinal canine models for
chronic human diseases. It is a further advantage of the models that both healthy and diseased
models may be made from the same animal.

In an embodiment, the present invention provides stem cell derived hepatic organoid
models. In some embodiments the organoids are hepatocyte organoids. In other embodiments,
the organoids are cholangiocyte organoids. The stem cells are grown in media that first promotes
stem cell expansion and then a media that allows their differentiation into their complex 3D
structures formed by cholangiocytes and hepatocytes. In an embodiment, the organoids are
spherical and grown in solution. In a further embodiment, the cells are grown in an extracellular
matrix. In another embodiment, the organoids are grown flat on a membrane or plate to provide
ready access to the lumen of the organoid. In other embodiments, the hepatic stem cell derived
model is a two-dimensional monolayer of an organoid grown on a permeable membrane, such
as, but not limited to, a TRANSWELL® membrane. In another embodiment are methods for
growing the organoids in either spherical form. In still yet another embodiment are methods for
growing the organoid on a substrate.

In an embodiment, the present invention provides adult stem cell derived organoid
models for physiological and disease research. In a further embodiment, a healthy control is
compared to a diseased sample. In a further embodiment, the healthy control originates from the
same animal as the diseased sample. In another embodiment, the healthy sample is derived from
a different animal than the diseased sample. In an embodiment, the disease is cancer or

inflammatory bowel disease.
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In an embodiment, the present invention provides adult stem cell derived organoid
models for testing drug absorption, efficacy, and safety. In a further embodiment, the model uses
P-glycoprotein (P-gp) transport to study drug absorption. In some embodiments, the stem cells
are derived from control or healthy subjects. In other embodiments, the stem cells are derived
from subjects with a disease, or which have been genetically modified. Models made from
control or healthy subjects may be used to test and screen drugs for normal physiological
absorption while organoids derived from diseased or genetically modified subjects may be used
to test and screen drugs under various physiological conditions.

In an embodiment, the organoid models and methods of use described herein provide
three-dimensional culture conditions, including passaging, freezing, and recovery of the frozen
organoids. These models may be used for screening of potential therapeutic drugs and screening
of drug responses in ex vivo models. The embodiments provide a canine-specific system for
testing P-gp affinity in in therapeutic drug development. As referred to herein, drug screening
and development can include pharmacotherapeutic effects, bioavailability, elimination, efficacy,
and various safety effects, among others. In an embodiment, the organoids are able to predict
clinical responses, such as efficacy and/or adverse effects, and thereby enable designing
therapies, including therapies for healthy subjects, diseased subjects, and/or any subject
requiring personalized treatment. These embodiments include the optimization of individualized
medicine and testing of the bioavailability of drugs across the hepatocytes or cholangiocytes,
bile duct epithelial cells.

In various embodiments, the drug may be administered to a subject orally,
intravascularly (IV), intramuscularly (IM), subcutaneously (SC), or intraperitoneally (IP). In a
preferred embodiment, the drug is administered orally. Drugs delivered via non-oral routes may
still undergo P-gp transport in other organs, such as, but not limited to, the intestines, the
kidneys, or the blood brain barrier, and so the models may be used to screen drugs which may be
transported in non-hepatic organs.

In some embodiments the drug is fluorescent. In other embodiments the drug is
conjugated with a reporter.

In an embodiment, the hepatic organoid is derived from hepatocytes. In some
embodiments the organoid is derived from the bile duct.

In an embodiment, the models include a compound which interacts with P-gp. In an
embodiment the compound is an inhibitor. In another embodiment the compound is an inducer.

In yet other embodiments the compound is a substrate.
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In an embodiment, the hepatic stem cell derived models are genetically modified after
the stem cells have been purified. In other embodiments, the subject from which the stem cells
are obtained is genetically modified. In yet other embodiments, the subject from which the stem
cells are obtained is diseased.

In an embodiment, the model represents a single time point. In another embodiment, the
model is a longitudinal model where stem cells have been extracted from the same subject over
time.

In an embodiment the methods include administering to a model a drug and a P-gp
interacting compound; measuring the rate of transport of the drug across P-gp; and comparing
the rate of transport to a model lacking the P-gp interacting compound. If said drug is a substrate
for P-gp, then the P-gp interacting compound is preferably an inhibitor to control for the effect
on transport of P-gp. If the drug is an inhibitor or inducer of P-gp, then the P-gp interacting
compound is preferably a P-gp substrate in order to measure the effects of the drug on the
transport function of P-gp. In a further embodiments, additional inhibitors, inducers, or
substrates may be administers.

In another embodiment the present invention includes systems using the models to test or
screen a drug for P-glycoprotein transport comprising the model of the invention, a P-gp
interacting compound; and a way of detecting the transportation. In some embodiments the way
of detecting the transportation is a change in fluorescence. In other embodiments the way of
detecting the transportation may be a binding assay, such as an antibody detection system. In
other embodiments the way of detecting the transportation may be through high performance
liquid chromatography (HPLC) and mass spectrometry (MS). In still other embodiments,
detection may be through staining. While multiple embodiments are disclosed, still other
embodiments will become apparent to those skilled in the art from the following detailed
description, which shows and describes illustrative embodiments. Accordingly, the drawings and
detailed description are to be regarded as illustrative in nature and not restrictive.

The disclosure further provides standard operating procedures for the culture of canine
hepatic organoids on Transwell inserts. A first transwell seeding protocol (TSP) describes the
experimental methods for dissociating and seeding canine organoids on inserts. Canine organoid
isolation, culture, and harvest are also described. Methods for general upkeep of the canine
hepatic organoid 2D monolayer on a Transwell are also disclosed in a monolayer maintenance
protocol. Additionally, the disclosure includes methods to assess the structural integrity of a
monolayer via transepithelial electrical resistance (TEER) measurements and light microscopy.

Finally, a permeability experimental protocol describes the tasks directly preceding an
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experiment, including in vitro validation of experimental results. A variety of media for use in
the above protocols is also described.

It is therefore an object of this disclosure to provide hepatic stem cell derived models for
studying canine hepatic tissue. It is also an object of the disclosure to provide methods of
making, freezing, and recovering of hepatic organoids. It is also a further objective to provide
methods for using genetically modified organoids for regenerative or personalized medicine.

It is a further object of the disclosure to provide methods of using the models for testing
drugs and performing hepatic research.

It is another object of the disclosure to provide systems using the models for drug testing
and screening and for the studying of hepatic physiology, both in healthy and diseased states,
and in different environmental or dietary regimes. These studies may lead to the use of the
canine hepatic organoids for personalized medicine.

Overall, the canine organoid model, combined with the Transwell technology described
herein, overcomes limitations associated with 2D experimental models, thereby improving upon
the reliability of predictions pertaining to the apparent oral permeability of therapeutic drug
candidates both in the canine and human patients.

Other objects, aspects and advantages of this invention will be apparent to one skilled in

the art in view of the following disclosure, the drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows LGRS positive hepatic organoid cells on day 2 of differentiation. FIG.
1B shows LGRS positive hepatic organoid cells on day 3 of differentiation. FIG. 1C shows
LGRS positive hepatic organoid cells on day 6 of differentiation. FIG. 1D shows LGRS positive
hepatic organoid cells on day 7 of differentiation.

FIG. 2A shows KRT7 positive hepatic organoid cells on day 2 of differentiation. FIG.
2B shows KRT?7 positive hepatic organoid cells on day 7 of differentiation. FIG. 2C shows
KRT7 positive hepatic organoid cells on day 11 of differentiation.

FIG. 3A shows CYP3A12 positive hepatic organoid cells on day 7 of differentiation.
FIG. 3B shows CYP3A12 positive hepatic organoid cells on day 11 of differentiation.

FIG. 4A shows CYP3A4 positive hepatic organoid cells on day 7 of differentiation.
FIG. 4B shows CYP3A4 positive hepatic organoid cells on day 7 of differentiation.

FIG. 5 shows the workflow of the transwell seeding protocol (“TSP”). TSP includes

insert pre-coating, incubation, canine organoid dissociation, and canine organoid seeding steps.
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Various embodiments of the present invention will be described in detail with reference
to the drawings, wherein like reference numerals represent like parts throughout the several
views. Reference to various embodiments does not limit the scope of the invention. Figures
represented herein are not limitations to the various embodiments according to the invention and

are presented for exemplary illustration of the invention.

DETAILED DESCRIPTION

The present invention relates to methods and compositions for the growth of hepatic
organoids for the study of drugs, including oral drug P-glycoprotein (P-gp) mediated absorption
in dogs. The embodiments are not limited to particular models, methods of making the models,
using the models for drug testing or screening, and compositions, which can vary and are
understood by skilled artisans.

It is further to be understood that all terminology used herein is for the purpose of
describing particular embodiments only and is not intended to be limiting in any manner or

scope. For example, as used in this specification and the appended claims, the singular forms

a," "an" and "the" can include plural referents unless the content clearly indicates otherwise.
Further, all units, prefixes, and symbols may be denoted in its SI accepted form. Numeric ranges
recited within the specification are inclusive of the numbers within the defined range.
Throughout this disclosure, various aspects are presented in a range format. It should be
understood that the description in range format is merely for convenience and brevity and should
not be construed as an inflexible limitation on the scope of the invention. Accordingly, the
description of a range should be considered to have specifically disclosed all the possible sub-
ranges as well as individual numerical values within that range (e.g., 1 to S includes 1, 1.5, 2,
275, 3, 3.80, 4, and 5).

So that the present invention may be more readily understood, certain terms are first
defined. Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which embodiments of
the invention pertain. Many methods and materials similar, modified, or equivalent to those
described herein can be used in the practice of the embodiments without undue experimentation,
but the preferred materials and methods are described herein. In describing and claiming the
embodiments, the following terminology will be used in accordance with the definitions set out
below.

The term "about," as used herein, refers to variation in the numerical quantity that can

occur, for example, through typical measuring and liquid handling procedures used for making
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concentrates or use solutions in the real world; through inadvertent error in these procedures;
through differences in the manufacture, source, or purity of the ingredients used to make the
compositions or carry out the methods; and the like. Whether or not modified by the term
"about", the claims include equivalents to the quantities.

The term "actives" or "percent actives" or "percent by weight actives" or "actives
concentration” are used interchangeably herein and refers to the concentration of those
ingredients involved in cleaning expressed as a percentage minus inert ingredients such as water
or salts.

The term "weight percent," "wt-%," "percent by weight," "% by weight," and variations
thereof, as used herein, refer to the concentration of a substance as the weight of that substance
divided by the total weight of the composition and multiplied by 100. It is understood that, as
used here, "percent," "%.," and the like are intended to be synonymous with "weight percent,"
"wt-%." etc.

As used herein “organoids™ refer to ex vivo models that are grown from adult stem cells
to provide structures that resemble an organ in culture.

As used herein, the term “basal media™ refers to a culture media that lacks some
supplements that may be required for cell growth.

As used herein, the term “complete media” refers to a culture media that contains all the
supplements to supports cell growth.

As used herein, the term “differentiation media” means any media that induces a stem
cell, for example an induced pluripotent stem cell or an adult derived stem cell, to differentiate
into the desired epithelial cells comprising the organoids.

As used herein the term “protecting media” refers to a differentiation media which
inhibits cell death during cell culture.

As used herein, the term “freezing media” means any media in which the organoids may
be frozen in and then recovered.

As used herein, the term “P-glycoprotein interacting compound™ or “P-gp interacting
compound” is any compound that functions as an inhibitor, inducer, or substrate for P-gp. An
inhibitor may reduce the transport ability of P-gp, an inducer may increase the transport of P-gp,
and a substrate may be transported by P-gp.

As used herein "antibodies" and like terms refer to immunoglobulin molecules and
immunologically active portions of immunoglobulin (Ig) molecules, i.e., molecules that contain
an antigen binding site that specifically binds (immunologically reacts with) an antigen. These

include, but are not limited to, polyclonal, monoclonal, chimeric, single chain, F¢, Fab, Fab', and
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Fab: fragments, and a Fab expression library. Antibody molecules relate to any of the classes
IgG, IgM, IgA, IgE, IgD, which differ from one another by the nature of heavy chain present in
the molecule. These include subclasses as well, such as IgG1, IgG2, and others. The light chain
may be a kappa chain or a lambda chain. Reference herein to antibodies includes a reference to
all classes, subclasses, and types. Also included are chimeric antibodies, for example,
monoclonal antibodies or fragments thereof that are specific to more than one source, e.g., a
mouse or human sequence.

The term “pharmaceutical agent” or “drug” refers to a chemical compound or
composition capable of inducing a desired therapeutic or prophylactic effect when properly
administered to a subject.

The term “sample” as referred to herein means an isolated part of an animal. Samples
can include, but are not limited to, tissue sections, stem cells, cancerous cells, and tissue
biopsies.

The term “subject” as used herein refer to a human or mammalian animal. The
mammalian animal may include carnivores/omnivores or herbivores. Carnivores/omnivores may
include canines, pigs, rodents, or felines.

The term “substantially free™ as used herein refers to the amount of a compound may be
present in a composition in so low as to not have a measurable effect. It should be noted that the
compound may be present in the composition, for example, a specific growth factor is not added
to a differentiation media may still be present in an organoid culture due to the organoid itself
producing the growth factor.

The methods, compositions, and systems may comprise, consist essentially of, or consist
of the components and ingredients as well as other ingredients described herein. As used herein,
"consisting essentially of" means that the methods and compositions may include additional
steps, components or ingredients, but only if the additional steps, components or ingredients do
not materially alter the basic and novel characteristics of the claimed methods and compositions.

The methods, compositions, and systems may be substantially or essentially free of
components and ingredients. As used herein, “substantially free” and “essentially free” mean
that a component or ingredient may be present in the methods, compositions, or systems, but do

not contribute any property to the methods, compositions, or systems.
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3D Organoid Model and Transwell Protocols

The 3D Organoid model better reproduces the in vivo biology, structure, and function, as
well as genetic and epigenetic signatures of original tissues, unlike widely used two-dimensional
(2D) cell monolayer models that utilize cancer and immortalized cell lines.

Organoids may be developed from stem cells, such as, but not limited to, embryonic,
induced pluripotent derived stem cells (iPSC), or organ-specific adult stem cells (ASC).
Organoids derived from ASCs are generated without genetic transduction by transcription
factors, unlike organoids derived from iPSCs, thus providing a more physiologically relevant in
vitro model than iPSC-derived organoids. ASC-derived organoids are a functional model that
can be differentiated to replicate the iz vivo adult environment and can be safely transplanted
into animals and humans. Hepatic stem cells may be differentiated into either hepatocytes or
cholangiocytes, and organoids of each may be made following the methods disclosed herein.

Once the stem cells are isolated, they may then be grown in an extracellular matrix using
a media appropriate to allow for the desired differentiation. The extracellular matrix may be a
natural or synthetic extracellular matrix.

Examples of natural extracellular matrices include, but are not limited to, solubilized
basement membrane preparations from Engelbreth-Hold-Swarm mouse sarcoma
(MATRIGEL®), collagen, fibrin, or vitronectin.

Synthetic extracellular membranes are generally hydrogels composed of crossed linked
polyethylene glycol (PEG) (for example see Nguyen et al., 2017, Versatile synthetic alternatives
to MATRIGEL® for vascular toxicity screening and stem cell expansion, Nat Biomed Eng., 1:
doi:10.1038/s41551-017-0096, herein incorporated by reference in its entirety). Hydrogel based
extracellular matrices may provide benefits over naturally occurring extracellular matrices
because the formation may be better controlled, leading to lowered lot to lot variability in
desired properties.

In an embodiment, canine organoids are derived from adult hepatic stem cells. In some
embodiments, the stem cells are derived from the liver. In some embodiments, the stem cells are
derived from bile duct cells. In some embodiments, the organoids are derived from healthy
tissues. In other embodiments, the organoids are derived from diseased tissues, such as but not
limited to cancer.

The organoids may be produced from a human or an animal. More preferably, the
organoids are produced from a carnivore, and even more preferably from a canine. In a more

preferred embodiment, the organoids are derived canine epithelial cells.
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In some embodiment, the organoids are produced from epithelial tissue making the liver
or the lining of the bile duct. To produce the 3D cultures of canine hepatic organoids, leucine-
rich repeat-containing G protein-coupled receptor 5 (Lgr5)-positive stem cells. Additionally, in
some embodiments, the cells collected may be hepatic tumors.

The epithelial organoids of the present disclosure may be cultured from various sized
samples of tissue. By way of nonlimiting example, for the organoids, large whole tissue sections
or from much smaller endoscopic biopsy samples from a subject using a relatively non-invasive
procedure. The large whole tissue sections may be from about 1 cm to about 20 cm, from about
2.5 cm to about 15 cm, or from about 5 cm to about 10 cm. The smaller samples may be 1 mm
or less, 2 mm or less, or 3 mm or less in size. The collection of the hepatic tissue may be
collected in any way known in the art. For example, the tissue may be collected from living or
recently euthanized subjects.

For whole tissue sections, the tissue may then be immediately placed into a wash
medium, such as, but not limited to, phosphate buffered saline (PBS) with about 1 mM to about
3 mM N-acetylcysteine, and vigorously shaken from about 3 to about 20 times, from about 5 to
about 15 times, or from about 10 to about 15 times. The wash may be repeated about 3 times,
about 4 times, or about 5 times or more to remove excess mucus and other debris. After
washing, the cleaned tissues may be transferred to an appropriate culture media without growth
factors. While any appropriate media may be used, in a preferred embodiment, the media is
complete media without growth factors (abbreviated as CMGF-) as described in the Organoid
Media section and incubated on ice.

Alternatively, a tissue sample may then be collected from hepatic tissue biopsy by any
means known in the art. This may allow up to about 15 or more hepatic biopsies to be obtained
from healthy or diseased canine subjects under general anesthesia. Collected biopsies may be
placed in complete media, such as, but not limited to, CMGF— medium, on ice and subjected to
mechanical cleansing as described above.

Both whole tissue samples and biopsies are typically cut into small pieces, from about
0.5 mm to about 5 mm, from about 1mm to about 3 mm, or from about 1 to about 2 mm in
thickness with a scalpel and washed at least once, at least about 5 times, or at least about 10
times using a chelating solution. In a preferred embodiment, the chelating solution is a complete
chelating solution (1X CCS) comprising from about 0.4 to about 0.6 g, from about 0.45 to about
0.55 g, or from about 0.48 to about 0.52 g Na2HPO4-2H20, from about 0.45 to about 0.65 g,
from about 0.50 to about 0.6 g, or from about 0.5 to about 0.55 g KH2POs, from about 2.3 to
about 3.4 g, from about 2.5 to about 3.2 g, or from about 2.7 to about 3 g NaCl, from about 0.05



10

15

20

25

30

WO 2022/197935 PCT/US2022/020768

12

to about 0.75 g, from about 0.055 to about 0.07 g, or from about 0.58 to about 0.65 g KCI, from
about 6.25 to about 9 g, from about 6.5 to about 8.5 g, or from about 7 to about 8 g Sucrose, and
from about 4 to about 6 g, from about 4.5 to about 5.5 g, or from about 4.75 to about 5.25 g D-
Sorbitol in about 500 mL water and supplemented from about 40 to about 60 uM, from about 45
to about 55 uM, or from about 50 to 55 uM DTT. While one skilled in the art will appreciate
that salt solutions may be stored in concentrated form and then diluted, in a preferred
embodiment, the 1X completely chelating solution may consist of a 1:5 diluted 5X CCS diluted
in culture grade water, such as Milli-Q H20 water. To prevent adherence of the cells and allow
for a higher yield of cells, plastic and glass ware may be pre-wetted with 1% bovine serum
albumin (BSA) throughout the procedure.

Samples may then be incubated with 1X CCS containing from about 10 to about 50 mM,
from about 15 to about 40 mM, or from about 20 to about 30 mM of a chelator, such as, but not
limited to, methyl glycine diacetic acid (MGDA), glutamic acid N,N-diacetic acid (N.N-
dicarboxymethyl glutamic acid tetrasodium salt, GLDA), nitrilotriacetic acid (NTA), diethylene
triamine pentaacetic acid (DTPA), ethylenediaminetetraacetic acid (EDTA), Ethylenediamine-
N.N'-disuccinic acid (EDDS), N-(1,2-dicarboxyethyl)-D, L-aspartic acid (IDS) and N-(2-
hydroxyethyl)iminodiacetic acid (EDG), and salts thereof, for about 30 to about 90 minutes, for
about 40 to about 80 minutes, or for about 45 to about 75 min at 4°C on 20, 24 rpm mixer/rocker
(Fisher). In a preferred embodiment, the chelator is EDTA.

After chelation, release of the cells may be augmented by trituration and/or mild
vortexing in cell culture supernatant (CCS). Additional trituration and/or mild vortexing may be
carried out after with the addition of fetal bovine serum (FBS; Atlanta Biologicals) to maximize
release. Large fragments, such as tissue fragments, may then be allowed settled to the bottom of
the tube, and the supematant, containing the cells of interest, may then be transferred to a new
conical tube and sufficiently centrifuged, for example at about 100g, at about 125g, at about
150g, or about 175g at 4 °C for about 3 minutes, for about 4 minutes, or for about 5 minutes.
The pellet may then be washed with about 5 mL, about 7.5 mL, or about 10 mL complete
medium, preferably CMGF-, and then sufficiently centrifuged, such as at about 60g, at about
70g, or about 80g at 4 °C for about 3 minutes, for about 4 minutes, or for about 5 minutes. The
pellet is then resuspended in 2 mL complete medium, and the approximate number of cells of
interest isolated may be calculated using a hemocytometer.

In some embodiments, the organoids are then genetically modified using any known
technique in the art. Examples of genetic modification include DNA modification, such as but

not limited to non-homologous end joining (NHEJ), homologous repair (HR) with or without the
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mediation of a nuclease, such as, but not limited to, Cas variants, TALEN, meganucleases, or
Zinc Fingers; or RNA modifications, such as, but not limited to, RNAi, LEAPER, or Cas
mediated. PCR methods, such as site directed mutagenesis may also be used for the stem cells.
Transient or stable transfection with an interfering RNA may also be used to alter RNA
expression in the organoids. In some embodiments, the genetic modification may be used to
increase or decrease the expression of a desired protein, such as P-gp for testing drug transfer or
a transporter for testing uptake of different environmental factors, or the genetic modification
may alter the function of a desired protein, for example, so that P-gp or a transporter becomes
resistant or susceptible to its substrate, a novel substrate, or a drug, for example, by changing the
pocket size or binding sites.

The hepatic cells may then be seeded into a well comprising an appropriate extracellular
matrix. In a preferred embodiment, from about 20 to about 200, from about 30 to about 150, or
from about 50 to about 100 cells may be seeded in each well of a 24-well plate, wherein each
well comprising about 20 pL, about 30 uL, or about 40 uL of extracellular matrix and incubated
at 37 °C for about 10 minutes. However, one skilled in the art will appreciate any sized culture
system may be used and the number of cells and reagents may be scaled appropriately.

The hepatic cells may then be differentiated in the wells by adding a differentiation
media. As shown in FIG. 1A, LGRS positive hepatic organoid cells on day 2 are weakly
differentiated or not differentiated. FIG. 1B shows LGRS positive hepatic organoid cells on day
3 of differentiation, showing partial differentiation. FIG. 1C shows LGRS positive hepatic
organoid cells on day 6 of differentiation, showing moderate differentiation. FIG. 1D shows
differentiated LGRS positive hepatic organoid cells on day 7.

A preferred embodiment of a differentiation media comprises a complete medium with
growth factors (abbreviated as CMGF+) as taught in the Organoid Media section. In a further
embodiment, inhibitors may be added to the culture, forming a protective media as described in
more detail in the Organoid Media section, and the organoids are incubated at 37 °C. For
carnivores, the protective medium with rho kinase (ROCK) and various glycogen synthase
kinase 3 (GSK-3), such as GSK3p, inhibitors may be used from about 1 days to about 4 days of
hepatic stem cell culture and may enhance stem cell survival and prevent apoptosis. In a
preferred embodiment, CHIR99021, an inhibitor of GSK-3, in combination with Y-27632, an
inhibitor of ROCK. The inhibitors may only be added temporarily to the media for the first 2
days after isolation of hepatic cells for organoids to culture and then removed. The short-term
addition of the GSK-3 inhibitor, preferably CHIR99021, may enhance the initial survival and

facilitated long-term propagation of organoid. Surprisingly, including Wnt3a in the media
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prevented colony forming efficiency and is not required for hepatic organoid survival, and the
media is preferably substantially free of Wnt3a. Removal of the ROCK and GSK-3 inhibitors
from the media after the first 2 days of culture may improve differentiation of the canine
organoids.

FIG. 2A shows KRT7 positive hepatic organoid cells on day 2 of differentiation. FIG.
2B shows KRT?7 positive hepatic organoid cells on day 7 of differentiation. FIG. 2C shows
KRT?7 positive hepatic organoid cells on day 11 of differentiation. FIG. 3A shows CYP3A12
positive hepatic organoid cells on day 7 of differentiation. FIG. 3B shows CYP3A12 positive
hepatic organoid cells on day 11 of differentiation. FIG. 4A shows CYP3 A4 positive hepatic
organoid cells on day 7 of differentiation. FIG. 4B shows CYP3 A4 positive hepatic organoid
cells on day 7 of differentiation.

The differentiation media, preferably CMGF+ medium, may be replenished as needed,
for example every 2 days. One skilled in the art will appreciate that the changing of color of the
basal media, if it contains phenol red, will signal the time to change the media. Culture may be
maintained until the hepatic organoids are completely differentiated. To maintain continuous
culture of the organoids, passage expansion may be carried out just prior to epithelial shedding
depending on the cell lines utilized.

In some embodiments, Caco-2 cell lines are used for drug oral absorption assays. Caco-
2 cell lines express efflux and uptake transporters found in the human intestinal tract. Caco-2
cells may also be used as models to determine if a drug is a substrate or inhibitor of efflux
transporters. Although the Caco-2 cells are of colonic origin, they mimic an enterocyte cell.
Notably, goblet cells, dedicated to mucus production, are absent from Caco-2 cultures. In
embodiments, the 3D intestinal organoid technology described herein is used to supplement
Caco-2 cell lines. Specifically, 3D canine organoids provide an in vitro system for exploring
canine drug permeability, metabolism, active transport, and drug-drug interactions. For
example, a permeability assay with canine intestinal organoids may predict canine intestinal
permeability and metabolism of small drug molecules compared to currently used assays (Caco-
2). In embodiments, said organoids may be used to assess the impact of inducers on
intracellular metabolic and on active transport.

Further to the above, in some embodiments said differentiation media, Caco-2 cell lines,
and/or 3D canine organoids may be used in combination with transwell systems. In
embodiments, said transwell systems may be used to determine the apparent permeability of
therapeutic drug candidates. Said transwell systems can also be employed to assess cellular

secretion, cell migration, and drug toxicity.
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In one embodiment of a transwell system, a dual-chamber cell culture apparatus
comprised of an insert with a semiporous membrane is placed in a multiwell plate. This system
allows direct access to the apical and basolateral sides of a cell-monolayer grown on the insert.
The monolayer used in this system may be derived from hepatic cells. Specifically, cell cultures
are grown in a polarized state mimicking the natural microarchitecture of hepatic cells, enabling
cellular differentiation, microanatomy, and function. The seeding of the inserts with 2D cell
cultures has been traditionally used for assessing drug oral permeability, is relatively affordable,
and is easy to culture.

As depicted in FIG. 5, in one example, a transwell seeding protocol (TSP) includes a
precoating of transwell inserts, canine organoid dissociation, canine organoid seeding, TEER
Value Measurement, and monolayer upkeep. An exemplar workflow for TSP and a
permeability experimental protocol is provided in Example 3 and Example 4 below. Said
examples elaborate on the steps of evaluating organoid monolayer readiness, preparing for the
experiment, typical experimental layout, organoid monolayer quality control, and fixing cell
monolayers for downstream analysis. As disclosed is the procedure for pre-coating of the inserts
with collagen I and Matrigel. Embedding of canine organoids on the Transwell inserts is also
disclosed.

Further to the above, a second disclosed protocol (referred to as a “monolayer
maintenance protocol”) is provided in the Examples section. Said protocol includes methods for
general upkeep of canine 3D organoids plated on an insert. The frequency and volumes of the
organoid media used to refresh the culture, and ways to prevent cell culture damage, are
presented in this second protocol along with experimental methods for assessing the confluency
of the epithelial monolayer.

In additional embodiments, a “permeability experimental protocol” is provided that
focuses on ways to determine if the canine hepatic 3D organoid on a Transwell assay is ready
for experimental use and the verification steps needed prior to conducting any experiment. This
section also describes the set up and the successful execution of a permeability experiment,
along with the incubation and sampling of therapeutic drug candidates in the chambers of the
monolayer culture. Also disclosed are uses of the low permeability fluorescein isothiocyanate
(FITC-dextran) as a means to monitor monolayer integrity. In other embodiments, disclosed are
an in vitro evaluation method for validating the results after the conclusion of an experiment.

As described in further detail in the Examples, in one example a Transwell insert is pre-
coated with a mixture of Matrigel and collagen I and incubated for 1 hour. During the incubation

process, the organoid culture is dissociated. Individual organoid cells are seeded in the insert,
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and media is added to the apical chamber 24 hours after the seeding process concludes. The
organoid culture may be cultivated for at least four days without any disturbance. Maintenance
and monitoring of the organoids include regular media changes, TEER value measurements, and
light microscopy to evaluate the integrity of the monolayer. Before the experiment, the
organoids may be differentiated by removing Rock inhibitor and GSKif} from the media. The
TEER values are measured on the experiment day, and the organoid monolayer is inspected via
light microscopy for damage to the cells. Media is then exchanged for an appropriate buffer and
incubated

prior to the experiment. The FITC-dextran assay is used during hepatic permeability
experiments as a marker of monolayer integrity, TEER measurements are taken after the

experiment and light microscopy will validate the results after 24 hours.

Organoid Media

The organoids may be grown in any acceptable media. In an embodiment, the cells may
be grown in a basal media, such as but not limited to DMEM, GIBCO™ ADVANCED™
DMEM, MEM, RPMI 1640, Opti-MEM, McCoy’s 5SA, Hybri-Care, Leibovitz’s L-15, or IMEM.
The basal media may further be supplemented with nutrient mixes, such as, but not limited to F-
12 and/or F-10, L-glutamine, fetal bovine serum (FBS), growth factors, additional salts, pathway
inhibitors, antimicrobials, additional buffers, and/or other additives, and/or mixtures thereof to
make a more complete media. Antimicrobials may include any cell culture grade antibiotics
and/or antifungals. In a preferable embodiment, the media is a complete media and comprises of
the basal media DMEM and is supplemented with F-12, L-glutamine, HEPES buffer, and
PRIMOCIN™, available from InvivoGen (Complete Media without Growth Factors, CMGF-
media), even more preferably, DMEM/F-12 supplemented with about 1 mM to about 2 mM
GlutaMax-1 as an L-glutamine source, from about 5 mM to about 15 mM HEPES, and from
about 80 pg/mL to 100 pg/mL PRIMOCIN™. The supplements may be added to the basal
media prior to contact with the organoids or the supplements may be added after the organoids
are in culture. A variety of organoid media and Formalin-Acetic Acid-Alcohol (FAA) solutions
are disclosed in Example 2 below.

In another embodiment, the media is a differentiation media. In a preferred embodiment,
the differentiation media includes a complete media supplemented with growth factors and/or
other supplements. In a particularly preferred embodiment for epithelial organoids, the growth
factors and supplements include B27 (available from Thermo Fisher Scientific), N2 (available

from Thermo Fisher Scientific), epidermal growth factor (EGF), Noggin, a transforming growth
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factor beta receptor I inhibitor (TGFP type I), a mitogen activated protein kinase 14 (P38)
inhibitor, DAPT, dexamethasone, and FBS. Surprisingly, the inclusion of R-Spondin-1,
wingless-type MMTYV integration site family member 3A (Wnt3a), Gastrin, and Nicotinamide
prevented the differentiation of the hepatic organoids, and the media is preferably substantially
free of Wnt3a, Gastrin, R-Spondin-1, and Nicotinamide.

In a more preferred embodiment, the differentiation media is Complete Media with
Growth Factors (CMGF+) supplemented with 1X B27 (Fisher), 1X N2 (Fisher), from about 250
mM to about 750 mM N-acetylcysteine, from about 40 ng/ml to about 60 ng/mL EGF, from
about 80 ng/mL to about 120 ng/mL Noggin, from about 250 nM to about 600 nM A83-01
(TGFp type I receptor inhibitor), from about 5 uM to about 15 uM SB202190 (P38 inhibitor),
from about 6 uM to about 14 uM DAPT, from about 1 uM to about 5 uM dexamethasone, and
from about 6% to about 10% FBS. The media may include or be substantially free or free from
other, known growth factors, such as but not limited to angiopoietin (ANG), bone morphogenic
proteins (BMP), colony-stimulating factor (CSF), erythropoietin (EPO), fibroblast growth factor
(FGF), insulin, migration-stimulating factor (MSF), myostatin (GDF-8), neuregulins,
neurotrophins, interleukins, R-Spondin-1, Wnt3a, Gastrin, Nicotinamide, and/or placental
growth factor (PGF).

In a different embodiment, the media is a protecting media. In a preferred embodiment,
the protecting media is a complete media with the addition of a rho kinase (ROCK) and/or
glycogen synthase kinase 3 (GSK-3) inhibitor. Rho kinase inhibitors include, but are not limited
10 Y27632, Y39983, Wf-536, SLx-2119, Azabenzimidazole-aminofurazans, DE-104, olefins,
isoquinolines, indazoles, pyridinealkene derivatives, H-1152P, ROKa inhibitors, XD-4000,
HMN-1152, 4-(1-aminoalkyl)-N-(4-pyridyl)cyclohexane-carboxamides, Rhostatin, BA-210,
BA-207, BA-215, BA-285, BA-1037, Ki-23095, VAS-012, and fasudil. Many GSK-3 inhibitors
are known in the art, the GSK-3 inhibitor is preferably an aminopyrimidine, and more preferably
CHIR99021. In a preferred embodiment, the protecting media includes ROCK and GSK-3
inhibitors in CMGF+. In a more preferred embodiment, the protecting media includes from
about 8 uM to about 12 pM ROCKIi and from about 1.5 uM to about 3.5 uM CHIR99021.
Without being bound to a particular theory it is believed that the addition of the inhibitors may
enhance the initial survival and facilitate long-term propagation of endothelial organoids if
included in the initial culture. It is believed that the inhibitors take the place of Paneth cells in
canines for early differentiation of the stem cells into organoids.

In yet another embodiment, the media is a “freezing media”. For example, commercial

media like Recovery™ cell freezing media may be used. It has been surprisingly found that
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when the cells are frozen in a media comprising from about 40% to about 60% v/v CMGF+,
from about 30% to about 50% v/v FBS, and from about 5% to about 15% v/v dimethyl sulfoxide
(DMSO) not only the amount of time needed for cells to grow is decreased, but more are

recovered when compared to commercial media.

Two-Dimensional Membrane Models

In an embodiment, after the organoids have formed, they may be further used to make
two-dimensional (2D) membrane models. This may allow easier access to the lumen or to
expose each side of the organoid to a different media or environments. The organoids are first
lysed into a single cell mix. Lysis may be achieved by either mechanically or chemically
disrupting the organoids, such as mechanical pipetting or using trypsin. The single cell mix is
then diluted to a concentration of about 1x10° cells/mL 1x10* cells/mL, about 1x10° cells/mL,
about 1x10° cells/mL, or about 1x107 cells/mL. An appropriate number of cells are then
transferred onto a membrane, preferably a permeable membrane, or into a well of a
TRANSWELL® plate. The cells may be transferred and cultured in an appropriate extracellular
matrix for about 1 hour, for about 2 hours, or for about 3 hours. The cells are then washed and
cultured for about 8 to about 16 days, from about 10 to about 14 days, or from about 12 to 13
days.

In one embodiment, a method of making a P-gp model further comprises lysing a hepatic
organoid into single cells; transferring into a TRANSWELL® well; and culturing.

In an embodiment, the membranes are permeable. In a further embodiment, the
membrane may be part of a microfluidics system. In an embodiment, the microfluidics system
has a single chamber for the introduction of media to one side of the membrane. In another
embodiment, the microfluidics system has two chambers for media on either side of the
membrane allowing media to be introduced to both sides of the membrane. In an embodiment,
the two chambers are filled with the same media. In another embodiment, each chamber is filled

with different media.

Methods for Passaging, Freezing, and Recovering Organoids

While any acceptable passaging, freezing, or recovery protocol may be used for the
organoids, it has been surprising found that certain methods and compositions increase cell yield
and growth efficacy of the organoids. The methods presented are for 24 well culture plates. One
skilled in the art will appreciate that the volumes and cell densities involved will change

depending on the size of the culture plate being used and can scale up or down as necessary.
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Organoid passage

Usually after about 4 to about 7 days, the organoids are ready to be passaged. A first

exemplary method of passaging and cleaning the cells for a single well of a 24 well culture plate

comprises:

L.

10.

Remove medium from wells (around the solid extracellular matrix) with, for example, a
P1000 pipet, 5 ml pipet, or Pasteur pipet/aspirator vacuum.

Add about 300 pl to about 800 ul, from about 400 ul to about 700 pl, from about 450 pul
to about 550 ul cold complete media, such as, but not limited to, CMGF- or DMEM/F12,
to the well and mechanically break up the extracellular matrix with pipetting, preferably
with a large pipette, such as a P1000 or P5000, by pipetting up and down a sufficient
number of times, for example 3 or 4 times.

Transfer organoids and media to a centrifuge tube, preferably a 15 ml conical tube.

Spin down in refrigerated centrifuge sufficiently to pellet the cells, for example at about
100g for about 5 min at about 4°C.

Remove the supernatant and resuspend pellet in about 0.7 ml to about 1.5 ml protease
solution, preferably trypsin or TrypLE Express, and put tube in 37°C water bath for
about 7 to about 10 minutes.

Add about 4 ml to about 5 ml complete media, by way of nonlimiting example
DMEM/F12 or CMGF-, to stop dissociation of cells.

Spin down in a centrifuge to pellet the cells, for example at 100g for 5 min at 4°C.
Remove the supernatant though aspiration, for example by using a 5 ml or 10 ml pipet,
then P1000 or P200 pipet or an aspirator to pull the media off the pellet. Keep tube on
ice.

Resuspend organoid pellet in an extracellular matrix (calculate the amount of
extracellular matrix you will need, preferably about 25 ul/well to about 30 ul/well) using
cold pipet.

Pipet designated amount of pl/well, for a well on a 24 well plate, it is preferable to use
from about 25 ul to about 30 ul /well) of organoid/extracellular matrix mixture as a
droplet using a P20, P100, or P200 cold pipet tip. Transfer plate/dish into 37°C 5% CO:
incubator. Let matrix settle for about 5 to about 20 minutes, add about 300 pl to about
800 ul of room temperature differentiation media, preferably CMGF+, to each well and
culture in 37°C incubator. Optionally, may use a conditioned differentiation media that is

about 40% to about 60% conditioned medium (CM from WRN cells) and about 40% to



10

15

20

25

30

WO 2022/197935 PCT/US2022/020768

20

about 60% differentiation media, may need to sterile filter media. Can either put in same
number of wells or split 1:2 to 1:4, depending on organoid density.

11. Refresh culture with differentiation media as needed, preferably every other day.

As shown in FIG. 5, a second exemplary method, referred to as “the Transwell Seeding
Protocol” (TSP), comprises:

1. Transwell inserts are pre-coated with a combination of CMGF+ R/G, collagen I, and
Matrigel, and subsequently incubated.

2. Media from the canine organoid culture is aspirated and replaced with a Cell Recovery
Solution, followed by a 30 min incubation at 4 °C.

3. The culture is subsequently transferred to a tube, and organoid dissociation is
performed using TrypLE Express.

4. Undissociated organoids are removed by passage through a strainer to achieve a single
cell suspension, and cell concentration is determined using a hemocytometer or an automated
cell counter.

5. The cells are seeded on a Transwell insert, and CMGF+ R/G is added to the
basolateral chamber.

6. The culture is then incubated for 24 hr, and the remaining liquid is removed from the

apical chamber and replaced with CMGF+ R/G.

Notably, the TSP method is disclosed in greater detail in the Examples section below.

Clean up organoids

After about 2 to about 4 days, organoids passaged with a protease, such as trypsin or
TrypLE, may need to be cleaned up to remove debris, dead cells, and single cells (usually
differentiated cells). To clean the cells, follow the steps to passage the organoids as above,
omitting steps #6-8. The organoids may either be put in same number of wells or split 1:2 to 1:4,

depending on organoid density.

Organoid Freezing protocol

Any freezing media may be used to freeze the cells using methods known in art. However, it
has been surprisingly found that the freezing media described in the Organoid Media section
increases cell viability. If using a 24 well culture plate, it is preferable to increase the cell

concentration in a cryovial by combining two or more wells. Usually after about 2 or 3 days
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after passaging as described above (unless they need clean-up to remove debris), organoids may

be frozen. A preferable, exemplary method for 24 well plates of freezing cells to improve

recovery comprises:

1.

Remove medium from wells (around the solid extracellular matrix) using, for example, a
P1000 pipet, 5 ml pipet or Pasteur pipet/vacuum aspirator.

Add about 300 pl to about 800 ul cold complete media, preferably CMGF- or
DMEM/F12, to well and mechanically break up the extracellular matrix, preferably by
pipetting up and down a sufficient number of times.

Spin down in refrigerated swing rotor centrifuge to pellet the cells, for example at 100g
for 5 min at 4°C.

Remove all medium. Keep tube on ice.

Resuspend hepatic organoids into freezing medium (using about 300 ul to about 800 pul
for each cryovial) at original ratio of 2 wells into 1 vial, if using a 24 well plate.

As an optional step, before placing into liquid nitrogen, the cryovial may be kept at
below about -76°C in a freezer, preferably in a -80°C freezer, for up to 1 week. Then

transfer vials into liquid nitrogen for long-term storage.

Organoid Revival protocol

Any method may be used to revive (thaw) organoids from liquid nitrogen. However, it has

been surprisingly found that the number of cells recovered and the amount of time it takes to

grow the organoids may be improved by:

L.

Thaw an extracellular matrix aliquot on ice in black anodized aluminum cooling block
and pre-warm plate

Add about 8 ml to about 10ml of a complete media, such as, but not limited to, CMGF-
or DMEM/F12, into a 15ml tube, leave tube on ice

Optionally, transfer frozen vial containing organoids from liquid nitrogen to dry ice
Swirl vial in about 37°C water until thawed (liquid)

Immediately transfer contents in the vial to 15ml tube containing about 10ml cold
complete media drop by drop

Spin down a centrifuge at 100g for 5 min at 4°C

Remove medium and leave 15ml tube containing organoid pellet on ice. Resuspend
pellet in about 60 pl to about 120 pl of extracellular matrix (enough to seed about 4 wells
with 15 ul to about 30 pl/well of matrix) using a cold pipet tip, plate organoids as

droplets in 4 wells of 24 well plate and transfer plate to 37°C incubator.



10

15

20

25

30

WO 2022/197935 PCT/US2022/020768

22

8. Let gel settle for 5-20 minutes, add about 300 ul to about 800 ul of room temperature
protecting media to each well and culture in 37°C incubator.
9. Refresh culture with differentiation media as needed, preferably every other day, until

ready to be passaged (typically 5-7 days).

Models and Methods of Use
Methods for Use in Diseases

The organoid models described above may be used in detecting differences in organoids
due to disease by detecting changes in RNA or protein expression or detecting changes in
concentrations of metabolites within the organoids or within the culture media. For example,
tissue samples may be taken from a diseased subject and differences in RNA or protein
production may be detected in comparison to a control subject lacking the disease. Alternatively,
both the diseased and control samples may be derived from the same subject to detect within
subject differences. Detecting difference from the within subject comparison may show how the
disease developed locally more clearly than an across subject comparison.

Alternatively, genetically modified organoids may be used to determine the role of genes
which may be the cause of the disease, or which may provide resistance to a disease. For
example, if a knockout of a protein, such as, but not limited to, a transcription factor or DNA
repair gene results in immortalization or tumor development in a healthy sample, it may be
concluded that that protein is a proto-oncogene in the hepatic tissue.

In an embodiment, the organoids and methods of use provide an effective model for
identifying differences from human models and animal models, preferably for canine species.
This is particularly important when differences between humans and canines emerge. The
organoids and methods of use provide an ex vivo model for use in canine species. The three-
dimensional culture conditions provide effective tools for modeling healthy and diseased subject
response to a drug or an environmental or dietary trigger.

In an embodiment, to determine if there is an age difference in the response to a trigger,
serial samples of stem cells may be taken from the same subject to produce longitudinal studies.
Some carnivores, such as canines, due to their shorter lifespan but similar habitual diets
compared to humans, may beneficially provide a more rapid development of a model for chronic
diseases which may how an environmental or dietary trigger interacts in vivo over time.

The three-dimensional culture conditions provide a platform for modeling various
phenotypes, associated with a subject-specific trait or mutation. This can be useful in gene

editing studies that confirm subject-specific variations in genetic and epigenetic changes that
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may benefit from personalized therapies and/or administration of therapies on a personalized

basis.

Methods for Use in Environment Responses

The organoid models described above may be used in detecting changes to the organoids
due to environmental changes by detecting changes in RNA or protein expression, changes in
epigenetics, such as DNA methylation or histone modifications, or detecting changes in
concentrations of environmental factors or their metabolites. For example, an environmental or
dietary trigger may be added to the media and the hepatic organoids may be used to measure the
transport and metabolism of the trigger from surrounding media to estimate the apparent
permeability and hepatic metabolism of the trigger. The trigger may be any environmental or
dietary trigger, such as, but not limited to, pathogens or their components, such as whole
bacteria, viruses, or paramecium or components such as lipopolysaccharide or viral proteins;
heavy metals; chemicals, such as volatile organic compounds, phthalates, or formaldehyde; or
small molecules, such as carbon monoxide, arsenic, or cyanide.

Alternatively, genetically modified organoids may be used to determine the role of genes
which may be responsible for the uptake or metabolism of environmental or dietary trigger. For
example, if a knockout of a transporter protein reduces the removal of the trigger from solution
while overexpression increases removal, then it may be concluded that that transporter may at
least partially transport the trigger, depending on the change in removal.

The organoids may be used by measuring the rate or amount of trigger may be taken into
the interior of the organoid. Similarly, an organoid cultured on a permeable membrane, such as a
TRANSWELL® plate, may be used to measure transfer of the trigger across the membrane.

In other embodiments, a trigger may be added to the culture media and then the media
sampled to detect changes in compounds known to be produced by the organoids. This detection
may show what downstream effect the trigger has on the hepatic tissue from which the organoid
derives.

In an embodiment, the organoids and methods of use provide an effective model for
identifying differences from human models and animal models, preferably for canine species.
This is particularly important when differences between humans and canines emerge. The
organoids and methods of use provide an ex vivo model for use in canine species. The three-
dimensional culture conditions provide effective tools for modeling healthy and diseased subject

response to a trigger.
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In an embodiment, to determine if there is an age difference in the response to a trigger,
serial samples of stem cells may be taken from the same subject to produce longitudinal studies.
Canine, due to their shorter lifespan but similar diets compared to humans, may beneficially
provide a more rapid development of a model for chronic diseases which may be used to
investigate how a trigger interacts in vivo over time.

The three-dimensional culture conditions provide a platform for modeling various
phenotypes, associated with a subject-specific trait or mutation. This can be useful in gene
editing studies that confirm subject-specific variations in genetic and epigenetic changes that
may benefit from personalized therapies and/or administration of therapies on a personalized

basis.

Methods for Use in Diet and Diet Changes

The organoid models described above may be used in detecting changes to the organoids
due to changes in diet or additives to a diet by detecting changes in RNA or protein expression,
changes in epigenetics, such as DNA methylation or histone modifications, or detecting changes
in concentrations of metabolites. For example, an initial diet may be provided to the organoid
followed by removal of a compound or the addition of a compound. Change in gene or protein
expression or the concentrations of metabolites within the cells or media may then be detected.
A detected change may allow for measuring the effects a change in diet has on energy levels or
toxicity of a given diet or additive.

Alternatively, genetically modified organoids may be used to determine the role of genes
which may be responsible for the uptake or metabolism of dietary compounds. For example, if a
knockout of a transporter protein reduces the removal of a compound found within the diet from
solution while overexpression increases removal, then it may be concluded that that transporter
may at least partially transport the dietary compound, depending on the change in removal.

The organoids may be used by measuring the rate or amount of the diet or a component
thereof may be taken into the interior of the organoid. Similarly, an organoid cultured on a
permeable membrane, such as a TRANSWELL® plate, may be used to measure transfer of the
dietary compound across the membrane.

In an embodiment, the organoids and methods of use provide an effective model for
identifying differences from human models and animal models, preferably for canine species.
This is particularly important when differences between humans and canines emerge. The

organoids and methods of use provide an ex vivo model for use in canine species. The three-
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dimensional culture conditions provide effective tools for modeling healthy and diseased subject
response to a diet or a change in diet.

In an embodiment, to determine if there is an age difference in the response or ability to
metabolize to a given diet or a compound within the diet, serial samples of stem cells may be
taken from the same subject to produce longitudinal studies. Canine, due to their shorter lifespan
but similar diets compared to humans, may beneficially provide a more rapid development of a
model for how a subject is capable of metabolizing a diet over time.

The three-dimensional culture conditions provide a platform for modeling various
phenotypes, associated with a subject-specific trait or mutation. This can be useful in gene
editing studies that confirm subject-specific variations in genetic and epigenetic changes that
may benefit from personalized therapies and/or administration of therapies on a personalized
basis.

Models for P-Glycoprotein-Mediated Drug Transport

The above organoids may be used to make diverse models, which can be used for
assaying P-gp mediated drug transport.

In some embodiments, the model for P-gp transport comprise hepatic organoids, wherein
the organoids are differentiated from Lgr5-positive stem cells. In preferred embodiments, the
LgrS-positive stem cells are obtained from canines.

In some embodiments the organoids express wild-type levels P-gp. In other
embodiments the organoids have been genetically modified to alter the expression of P-gp. In
some embodiments, the genetic modification knockdowns, knockouts, or overexpresses P-gp.

In further embodiments, the organoids are cultured in a monolayer on a TRANSWELL®
membrane. In an embodiment, the TRANSWELL® membrane is permeable.

In some embodiments, the models include a P-gp inhibitor. P-gp inhibitors include, but
are not limited to, amiodarone, clarithromycin, ciclosporin, colchicine, diltiazem, erythromycin,
felodipine, ketoconazole, lansoprazole, omeprazole and other proton-pump inhibitors,
nifedipine, paroxetine, reserpine, saquinavir, sertraline, quinidine, tamoxifen, verapamil,
duloxetine, elacridar, CP 100356, zosuquidar, tariquidar, valspodar and reversan.

In other embodiments, the models include a P-gp inducer. P-gp inducers include, but are
not limited to, carbamazepine, dexamethasone, doxorubicin, nefazodone, phenobarbital,
phenytoin, prazosin, rifampicin, St. John's wort, tenofovir, tipranavir, trazodone, and vinblastine.

In yet other embodiments, the models include a P-gp substrate. Substrates of P-gp are

susceptible to changes in pharmacokinetics due to drug interactions with P-gp inhibitors or
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inducers. Some of these substrates include colchicine, ciclosporin, dabigatran, digoxin,

diltiazem, fexofenadine, indinavir, morphine, and sirolimus.

Methods of Making P-Glycoprotein Models

Traditional 2D cell cultures involving immortalized cells, such as cancer cells with or
without a genetic modification to express specific proteins, such as, but not limited to, P-gp, or
primary cells have been used in coverslip or standard wells. However, the absence of a
basolateral compartment precludes cell polarization and may prevent the study of transport
across cell layers. Further, the use of cancer cells, or other immortalized cells, or genetic
modification may lead to changes in expression of protein when compared to the normal
physiological state. Therefore, 3D models using cells differentiated from initial stem cells may
result in models which are more like the normal physiological state than 2D models. Such
models include, but are not limited to, 3D organoids and TRANSWELL® cultures.

In an embodiment, the organoid models may be used to study P-gp and drug
permeability, efficacy, and safety. For P-gp models, a sample of organoids may be taken and the
expression and/or localization of P-gp nucleic acid or protein may be assayed. In some
embodiments, PCR may be used to detect the expression of P-gp RNA. In other embodiments,
immunohistochemistry (IHC) may be used to measure the expression and/or localization of P-gp
protein. Western blots may also be used to quantify the amount of P-gp protein. If the organoids
have been genetically modified, then quantitative PCR or IHC/immunofluorescence may be
used to quantify the change in expression of P-gp.

In an embodiment, a method of making a P-gp model comprises obtaining an hepatic
sample; extracting leucine-rich repeat-containing G protein-coupled receptor 5 (Lgr5)-positive
stem cells; culturing said Lgr5-positive stem cells within an extracellular matrix, wherein the
culture media causes differentiation of the stem cells; maintaining the culture until organoids
form, wherein the organoids are positive for P-gp expression.

In further embodiments, the stem cells are genetically modified. In some embodiments
the genetic modification knockdowns the expression of P-gp. In other embodiments the genetic
modification overexpressed P-gp. In yet other embodiments the genetic modification alters the
cellular location of P-gp. In yet another embodiment, the genetic modification mimics mutation
in a disease.

In a preferred embodiment, the hepatic sample is obtained from a canine subject.

In an embodiment, the hepatic sample is from the liver. In another embodiment, the

hepatic sample is from the bile duct.
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Use of Models in Drug Development and Screening

The above compositions may be used in drug development and screening by measuring
transport (i.e., drug efflux) through transporters, such as, but not limited to, P-gp. For example,
the hepatic organoids may be used to measure the hepatic transport and metabolism of a
compound from surrounding media to estimate the apparent permeability and hepatic
metabolism of the compound. The compound may be a drug or a P-gp substrate. If the
compound is a test drug, then a P-gp inhibitor or inducer may be co-administered with the drug
to determine if P-gp transports the drug out of solution by measuring an increase or decrease in
drug permeability, respectively. Since P-gp is an efflux protein, inhibiting P-gp-mediated drug
transport will result in an increase in drug permeability from the donor i.e., apical to the receiver
i.e., basal side of the TRANSWELL®. Alternatively, genetically modified organoids may be
used to determine the role of P-gp on said drugs removal. For example, if a knockout reduces the
removal from solution while overexpression increases removal, then it may be concluded that P-
gp may at least partially transport the drug, depending on the change in removal.

If the compound is a P-gp substrate, then a drug may be co-administered with the
substrate in order to determine which of the drugs may interfere with P-gp mediated transport of
the substrate out of solution by observing a change in the rate of removal from solution.

The organoids may be used to estimate hepatic permeability by measuring the rate or
amount of substrate or drug taken into the interior of the organoid. Similarly, an organoid
cultured on a permeable membrane, such as a TRANSWELL® plate, may be used to measure
transfer of the drug across the membrane.

In an embodiment, the organoids and methods of use can be used to assess a variety of
therapeutic drugs. In an embodiment, exemplary therapeutic drugs include, nonsteroidal anti-
inflammatory drugs (NSAIDs), chemotherapy drugs, etc. Any candidate drug may be tested, for
example the drug molecules from the Biopharmaceutics Classification System (BCS). See
Amidon GL, et al., 1995, A Theoretical Basis For a Biopharmaceutics Drug Classification: The
Correlation of In Vitro Drug Product Dissolution and In Vivo Bioavailability, Pharm Res, 12:
413-420. The BCS is a scientific framework for classifying drug substances based on their
aqueous solubility and hepatic permeability. When combined with the dissolution of the drug
product, the BCS takes into account three major factors that govern the rate and extent of drug
absorption from IR solid oral dosage forms: (1) dissolution, (2) solubility, and (3) hepatic
permeability.

According to the BCS, drug substances are classified as follows:

1. Class 1: High Solubility — High Permeability
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2. Class 2: Low Solubility — High Permeability
3. Class 3: High Solubility — Low Permeability
4. Class 4: Low Solubility — Low Permeability.

In an exemplary embodiment, the organoids and methods of use described herein can
provide effective models to assess therapeutic efficacy of such exemplary therapeutic drugs
including, nonsteroidal anti-inflammatory drugs (NSAIDs), chemotherapy drugs, etc. In a
further embodiment the organoids and methods of use described herein can assess therapeutic
failures and toxicity, including exposure-associated toxicity, of such exemplary therapeutic
drugs including, nonsteroidal anti-inflammatory drugs (NSAIDs), chemotherapy drugs, etc. In
still further embodiments, the organoids and methods of use described herein can assess how the
exemplary therapeutic drugs will affect the liver of a subject, providing ability to determine any
rate limiting dosages of the therapeutic drugs.

In an embodiment, the organoids and methods of use provide an effective model for
identifying differences from human models and animal models, namely for canine species. This
is particularly important when differences between humans and canines emerge. The organoids
and methods of use provide an ex vivo model for use in canine species. The three-dimensional
culture conditions provide effective tools for modeling healthy and diseased subject oral
absorption and/or elimination of drugs.

In an embodiment, serial samples of stem cells may be taken from the same subject to
produce longitudinal studies. Canine, due to their shorter lifespan but similar diets compared to
humans, may beneficially provide a more rapid development of a model for chronic diseases
which may how a drug interacts in vivo over time.

In an embodiment, canine hepatic stem cells taken from healthy dogs provide an accurate
predictor of the efficacy of the therapeutic drugs being tested as they closely mimic biological
responses and physiologic state in dogs, providing a good predictor of therapeutic efficacy in
vivo based on cells produced in vitro. In a still further embodiment, canine hepatic stem cells
taken from diseased dogs better predict the efficacy of the therapeutic drugs being tested and
more closely mimic biological responses and the physiological state in such diseased dogs,
providing a good predictor of therapeutic efficacy in vivo based on cells produced in vitro. Such
methods of screening of potential therapeutic drugs and screening of drug responses in ex vivo
models beneficially speed up the drug testing timeline to trials as well as provide a better
predictor of efficacy in the canines with similar diseases to the animals that the canine cells were

taken from for producing the organoids.
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The three-dimensional culture conditions provide a platform for modeling various
phenotypes, associated with a subject-specific trait or mutation. This can be useful in gene
editing studies that confirm subject-specific variations in genetic and epigenetic changes that

may benefit from personalized therapies and/or administration of therapies on a personalized

basis.

Differentiation of Hepatic Organoids

As shown in FIGS. 1A-D, immunohistochemistry (IHC) shows LGRS, a marker for
undifferentiated stem cells, having strong staining (blue) up to about day 6, but began to
decrease on day 7. IHC for KRT7, a marker for cholangiocytes, also shows strong expression
starting on day 2 and persisting through day 11 (see FIGS. 2A-C). FIGS. 3A-B and 4A-B show
THC staining for CYP3A12 and CYPA4, markers for mature hepatocyte cells. As shown, mature
hepatocytes appeared by day 7 and persisted to day 11.

As described in the Examples below, RNAscope® 2.5 was performed for KRT7 and
AQP1 as markers for cholangiocytes, LGRS as a marker for stem cells, and FOXA1 as a marker
for early hepatocytes and CYP3A12 for mature hepatocytes. As shown in Table 1, all cell types

were obtained over the initial 7-day cultures in varying amounts.

Table 1
Spheroids in total area signal/total area cell
CELL TYPE MARKER DAY2 | DAY3 | DAY4 | DAYS | DAY6 | DAY7
CHOLANGIOCYTE | KRT-7(shorter) 26.02% | 1.00% | 9.26% | 2.16% | 7.63% | 15.08%
Spheroids In total areca sign/total area cell
CELL TYPE MARKER DAY2 | DAY3 | DAY4 | DAYS5 | DAY6 | DAY7
STEM CELL LGR5(longer) | 0.78% | 0.43% | 0.17% | 0.69% | 0.26% | 0.39%
CHOLANGIOCYTE AQP1 0.00% [ 0.00% | 0.00% | 0.00% [ 0.00% | 0.01%
HEPATOCYTE- FOXA1 0.16% [ 0.34% | 0.07% | 0.07% | 0.05% | 0.20%
EARLY
HEPATOCYTE- CYP3A12 0.28% [ 0.05% | 0.11% | 0.05% [ 0.04% | 0.03%
MATURE

The results shown in Table 1 demonstrate that a variety of hepatic organoids may be
obtained using the differentiation CMGF+ media and methods disclosed herein. In
embodiments, this will allow for a variety of tests or assays to be performed on both hepatic

cells and hepatic derived epithelial cells from cholangiocytes.
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Further to the above, one skilled in the art will appreciate that even more complex
experimental designs are possible with the organoids. For example, the interaction between diet,
treatment, and disease may be determined by combining the methods relating to each design.
More specifically, a nonlimiting example of a more complex design may be to detect cell
viability between a healthy population of organoids receiving a specified diet, a diseased
population of organoids receiving the same specified diet, a healthy population of organoids
receiving a higher protein or fat diet, and a diseased population of organoids receiving the same
higher protein or fat diet. Additionally, the organoids could further be treated with, for example,
a chemotherapy regime if the disease is cancer. This may allow one to determine if there are any
interaction effects among diet, disease, and treatment. Further considerations may also include
longitudinal studies as described above to determine if age may play a role in any interaction
effects.

In summary, the herein described compositions include models for the study of
developmental biology of the liver and other epithelial tissues, drug discovery and toxicity
screening, infectious disease biology of various infectious agents, and personalized medicines.
In other embodiments, methods for seeding canine intestinal organoids, maintaining an organoid
monolayer, and monitoring monolayer integrity are provided. As described below, methods and
systems for culturing, freezing, and recovering the frozen organoid cells are also provided.
Finally, the hepatic organoids may also be used to treat a subject in need, or for identifying a
preferred therapeutic agent.

In embodiments, the organoids are used to treat cancer, a cancer cell, or cancer tissue.
The cancer cell may be an epithelial, an endothelial, a mesothelial, a glial, a stromal, or a
mucosal cell. The cancer cell population can include, but is not limited to a brain, a neuronal, a
blood, an endometrial, a meninges, an esophageal, a lung, a cardiovascular, a liver, a lymphoid,
a breast, a bone, a connective tissue, a fat, a retinal, a thyroid, a glandular, an adrenal, a
pancreatic, a stomach, an intestinal, a kidney, a bladder, a colon, a prostate, a uterine, an ovarian,
a cervical, a testicular, a splenic, a skin, a smooth muscle, a cardiac muscle, or a striated muscle
cell. In still a further aspect cancer includes, but is not limited to astrocytoma, acute myeloid
leukemia, anaplastic large cell lymphoma, acute lymphoblastic leukemia, angiosarcoma, B-cell
lymphoma, Burkitt's lymphoma, breast carcinoma, bladder carcinoma, carcinoma of the head
and neck, cervical carcinoma, chronic lymphoblastic leukemia, chronic myeloid leukemia,
colorectal carcinoma, endometrial carcinoma, esophageal squamous cell carcinoma, Ewing's
sarcoma, fibrosarcoma, glioma, glioblastoma, gastrinoma, gastric carcinoma, hepatoblastoma,

hepatocellular carcinoma, Kaposi's sarcoma, Hodgkin lymphoma, laryngeal squamous cell
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carcinoma, larynx carcinoma, leukemia, leiomyosarcoma, lipoma, liposarcoma, melanoma,
mantle cell lymphoma, medulloblastoma, mesothelioma, myxofibrosarcoma, myeloid leukemia,
mucosa-associated lymphoid tissue B cell lymphoma, multiple myeloma, high-risk
myelodysplastic syndrome, nasopharyngeal carcinoma, neuroblastoma, neurofibroma, high-
grade non-Hodgkin lymphoma, non-Hodgkin lymphoma, lung carcinoma, non-small cell lung
carcinoma, ovarian carcinoma, esophageal carcinoma, osteosarcoma, pancreatic carcinoma,
pheochromocytoma, prostate carcinoma, renal cell carcinoma, retinoblastoma,
rhabdomyosarcoma, salivary gland tumor, Schwannoma, small cell lung cancer, squamous cell
carcinoma of the head and neck, testicular tumor, thyroid carcinoma, urothelial carcinoma, and

Wilm's tumor.

Embodiments

Various embodiments of the herein disclosed organoids and methods provided herein are
included in the following non-limiting list of embodiments, referred to as paragraph 1 to 88

below.

1. A canine hepatic organoid, comprising:
a population of differentiated canine hepatic-derived cells which are capable of organ-
like functionality, including production of bile-related compounds, production of blood
plasma proteins, production of cholesterol, conversion of glucose into glycogen, hemoglobin

processing, production of immune factors, and the like.

2. The hepatic organoid of paragraph 1, wherein the hepatic-derived cells are adult stem-

cell derived cells, adult stem-cell-derived organoids, and the like.

3. The hepatic organoid of paragraph 1, wherein the hepatic-derived cells are induced

pluripotent derived stem cells.

4, The hepatic organoid of paragraph 1, further comprising an extracellular matrix, wherein
the hepatic organoid maintains the organ’s three-dimensional structures, extracellular
macromolecules and minerals (e.g., such as collagen, enzymes, glycoproteins and

hydroxyapatite) that provide structural and biochemical support to surrounding cells.
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5. The hepatic organoid of paragraph 4, wherein the hepatic-derived cells are epithelial
cells and maintain the expression of tight junction proteins, such as occludin, claudin and

junctional adhesion molecules.

6. The hepatic organoid of paragraph, wherein the hepatic-derived cells maintain the

expression of P-glycoprotein.

7. The epithelial organoid of paragraph 1, wherein the epithelial-derived cells are diseased.

8. The epithelial organoid of paragraph 7, wherein the disease is cancer, cancer cell, or
cancer tissue.
9. A culture media for differentiating hepatic stem cells into hepatic organoids, comprising:

a complete media; and
a growth factor, wherein the growth factor differentiates the hepatic stem cell into the

hepatic organoid.

10.  The culture media of paragraph 9, wherein the growth factor is epidermal growth factor,
Noggin, DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a

mitogen activated protein kinase 14 inhibitor, and/or combinations thereof.

11.  The culture media of paragraph 9, further comprising a rho kinase inhibitor and/or a

glycogen synthase kinase 3 inhibitor.

12. The culture media of paragraph 11, wherein the rtho kinase inhibitor is Y27632, Y39983,
Wi£-536, SLx-2119, Azabenzimidazole-aminofurazans, DE-104, olefins, isoquinolines,
indazoles, pyridinealkene derivatives, H-1152P, ROKa inhibitors, XD-4000, HMN-1152, 4-(1-
aminoalkyl)-N-(4-pyridyl)cyclohexane-carboxamides, Rhostatin, BA-210, BA-207, BA-215,
BA-285, BA-1037, Ki-23095, VAS-012, fasudil and/or combinations thereof.

13.  The culture media of paragraph 12, wherein the glycogen synthase kinase 3 inhibitor is

an aminopyrimidine.

14. A canine hepatic organoid culture system, comprising:
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a three-dimensional canine epithelial organoid, comprising a population of differentiated
canine epithelial-derived cells which are capable of organ-like functionality;
an extracellular matrix; and
a culture media for differentiating stem cells into organoids, comprising:
a complete media; and
a growth factor, wherein the growth factor differentiates the stem cell into the

organoid.

15. The canine hepatic organoid culture system of paragraph 14, further comprising a rho

kinase inhibitor and/or a glycogen synthase kinase 3 inhibitor.

16. A method of culturing canine hepatic organoid, comprising:
obtaining a hepatic sample from a canine; and

exposing the sample to a differentiation media.

17.  The method of paragraph 16, further comprising isolating a stem cell of interest from the

hepatic sample; and enriching the sample for stem cells.

18. The method of paragraph 16, further comprising seeding the sample into an extracellular

matrix.

19.  The method of paragraph 18, wherein between about 20 to about 200 cells are seeded

into the extracellular matrix, or similar macro and microenvironments.

20.  The method of paragraph 19, wherein the extracellular matrix stabilizes the three-

dimensional structure of the organoid.

21. The method of paragraph 16, further comprising initially contacting the sample with a

protective media.

22, The method of paragraph 21 wherein the sample is contacted with the protective media

for about 1 day to about 4 days.
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23. The method of paragraph 21, wherein the protective media comprises a rho kinase

inhibitor and/or a glycogen synthase kinase 3 inhibitor.

24, The method of paragraph 23, wherein the rho kinase inhibitor is Y27632, Y39983, Wf-
536, SLx-2119, Azabenzimidazole-aminofurazans, DE-104, olefins, isoquinolines, indazoles,
pyridinealkene derivatives, H-1152P, ROKa inhibitors, XD-4000, HMN-1152, 4-(1-
aminoalkyl)-N-(4-pyridyl)cyclohexane-carboxamides, Rhostatin, BA-210, BA-207, BA-215,
BA-285, BA-1037, Ki-23095, VAS-012, fasudil and/or combinations thereof.

25. The method of paragraph 23, wherein the glycogen synthase kinase 3 inhibitor is an

aminopyrimidine.
26.  The method of paragraph 16, wherein the differentiation media comprises:

a complete media; and

a growth factor, wherein the growth factor differentiates the stem cell into the organoid.
27.  The method of paragraph 26, wherein the growth factor is epidermal growth factor,
Noggin, DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a
mitogen activated protein kinase 14 inhibitor, and/or combinations thereof.

28. The method of paragraph 16, further comprising genetically engineering the sample.

29. The method of paragraph 28, wherein the genetic engineering is performed prior to

exposing the sample to the differentiation media.

30. The method of paragraph 28, wherein the genetic engineering is a DNA modification.

31. The method of paragraph 30, wherein the genetic engineering is performed by Cas

variants, TALEN, meganucleases, or Zinc Fingers.

32. The method of paragraph 28, wherein the genetic engineering is a RNA modification.

33.  The method of paragraph 32, wherein the genetic engineering is performed by RNAI,
LEAPER, or Cas variants.
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34, A media for freezing hepatic organoids, comprising:
a differentiation media;
dimethyl sulfoxide; and

fetal bovine serum.

35. The media for freezing hepatic organoids of paragraph 34, wherein the differentiation

media 1s from about 40% to about 60%.

36. The media for freezing hepatic organoids of paragraph 34, wherein the dimethyl

sulfoxide i1s from about 5% to about 15%.

37.  The media for freezing hepatic organoids of paragraph 34, wherein the fetal bovine

serum 1s from about 30% to about 50%.

38. The media for freezing hepatic organoids of paragraph 34, wherein the differentiation

media comprises a growth factor.

39. The media for freezing hepatic organoids of paragraph 38, wherein the growth factor is
epidermal growth factor, Noggin, DAPT, dexamethasone, a transforming growth factor beta

receptor I inhibitor, a mitogen activated protein kinase 14 inhibitor, and/or combinations thereof.

40. A method for freezing a hepatic organoid, comprising:
extracting the hepatic organoid from culture;
resuspending the hepatic organoid in a freezing media, the freezing media comprising:
a differentiation media;
dimethyl sulfoxide; and

fetal bovine serum.

41.  The method of paragraph 40, wherein the differentiation media is from about 40% to
about 60% v/v.

42,  The method of paragraph 40, wherein the dimethyl sulfoxide is from about 5% to about
15% v/v.
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43.  The method of paragraph 40, wherein the fetal bovine serum is from about 30% to about

50% v/v.

44, The method of paragraph 40, wherein the differentiation media comprises a growth

factor.

45.  The method of paragraph 444, wherein the growth factor is epidermal growth factor,
Noggin, R-spondin-1, DAPT, dexamethasone, a transforming growth factor beta receptor I

inhibitor, a mitogen activated protein kinase 14 inhibitor, and/or combinations thereof.

46. The method of paragraph 40, further comprising freezing the hepatic organoid below

about -76°C in a freezer for up to 7 days.

47. The method of paragraph 40, further comprising freezing the hepatic organoid in liquid

nitrogen.

48. A method of recovering a hepatic organoid from being frozen, comprising:
thawing the frozen hepatic organoid in freezing media;
transferring the thawed hepatic organoid in freezing media to a complete media drop
wise;
pelleting the complete media containing the hepatic organoid by centrifugation;
aspirating both the freezing media and complete media from the pellet; and

resuspending the pellet.

49, The method of paragraph 48, wherein the pellet is resuspended in an extracellular matrix.

50. The method of paragraph 49, further comprising:
transferring the resuspended pellet to a cell culture plate;
allowing sufficient time for extracellular matrix to settle; and
adding protecting media to the gelled extracellular matrix containing the epithelial

organoids.
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51.  The method of paragraph 50, wherein the protecting media comprises a rho kinase

inhibitor and/or a glycogen synthase kinase 3 inhibitor.

52. The culture media of paragraph 51, wherein the rtho kinase inhibitor is Y27632, Y39983,
Wi£-536, SLx-2119, Azabenzimidazole-aminofurazans, DE-104, olefins, isoquinolines,
indazoles, pyridinealkene derivatives, H-1152P, ROKa inhibitors, XD-4000, HMN-1152, 4-(1-
aminoalkyl)-N-(4-pyridyl)cyclohexane-carboxamides, Rhostatin, BA-210, BA-207, BA-215,
BA-285, BA-1037, Ki-23095, VAS-012, fasudil and/or combinations thereof.

53.  The culture media of paragraph 51, wherein the glycogen synthase kinase 3 inhibitor is

an aminopyrimidine.

54, A method for detecting the differences between a healthy hepatic organoid and a
diseased hepatic organoid, comprising:

obtaining a healthy sample;

obtaining a diseased sample;

culturing the samples in a differentiation media to form a healthy organoid and a
diseased organoid;

detecting the expression level of a RNA, protein, and/or the concentration of a metabolite

in the healthy organoid and the diseased organoid.

55.  The method of paragraph 54, wherein the healthy sample and the diseased sample are

taken from the same subject.

56.  The method of paragraph 54, wherein the healthy sample and the diseased sample are

taken from different subjects.

57.  The method of paragraph 54, wherein the detecting is of RN A expression.

58.  The method of paragraph 54, wherein the detecting is of protein expression.

59.  The method of paragraph 54, wherein the detecting is of metabolite expression.
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60. The method of paragraph 54, further comprising administering to the samples an

environmental and/or dietary trigger.

61.  The method of paragraph 54, wherein the differentiation media comprises a growth

factor.

62.  The method of paragraph 61, wherein the growth factor is epidermal growth factor,
Noggin, DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a

mitogen activated protein kinase 14 inhibitor, and/or combinations thereof.

63. A method for detecting the differences between a healthy hepatic organoid and a
genetically modified hepatic organoid, comprising:

obtaining at least two hepatic samples;

genetically modifying one or more of the hepatic samples;

culturing the samples in a differentiation media;

detecting the expression level of a RNA, protein, epigenetics, and/or the concentration of

a metabolite in the healthy sample and the diseased sample.

64.  The method of paragraph 63, wherein the healthy sample and the sample to be

genetically modified are obtained from the same subject.

65.  The method of paragraph 63, wherein the healthy sample and the sample to be

genetically modified are obtained from different subjects.

66.  The method of paragraph 63, wherein the detecting is of RN A expression.

67.  The method of paragraph 63, wherein the detecting is of protein expression.

68.  The method of paragraph 63, wherein the detecting is of metabolite expression.

69. The method of paragraph 63, further comprising administering to the samples an

environmental and/or dietary trigger.
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70.  The method of paragraph 68, wherein the differentiation media comprises a growth

factor.

71.  The method of paragraph 70, wherein the growth factor is epidermal growth factor,
Noggin, DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a

mitogen activated protein kinase 14 inhibitor, and/or combinations thereof.

72. The method of paragraph 63, wherein the genetic engineering is a DNA modification.

73.  The method of paragraph 72, wherein the genetic engineering is performed by Cas

variants, TALEN, meganucleases, or Zinc Fingers.

74. The method of paragraph 63, wherein the genetic engineering is a RNA modification.

75.  The method of paragraph 74, wherein the genetic engineering is performed by RNA1,
LEAPER, or Cas variants.

76. A method of screening drug absorption in the canine liver, comprising:
obtaining a sample of canine liver;
culturing the sample in differentiation media to form an organoid;
administering a drug;
allowing sufficient time for absorption into the organoid lumen; and
detecting the concentration of the drug in the lumen and/or intracellular space of the

organoid.

77. The method of paragraph 76, further comprising administering a P-glycoprotein

interacting compound to the organoid.

78. The method of paragraph 77, wherein the P-glycoprotein interacting compound is an

inhibitor.

79. The method of paragraph 77, wherein the P-glycoprotein interacting compound is a

substrate.
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80. The method of paragraph 77, wherein the P-glycoprotein interacting compound is an

inducer.

81.  The method of paragraph 76, wherein two or more samples are obtained at different time

points from the same subject.

82. The method of any one of paragraph 76, wherein detecting is measured by fluorescence,

a binding assay, through high performance liquid chromatography, and/or staining.

83. The method of paragraph 76, further comprising genetically modifying P-glycoprotein.

84.  The method of paragraph 76, wherein the genetic-modification alters the expression level

of P-glycoprotein.

85.  The method of paragraph 76, wherein the genetic-modification alters the binding kinetics
of P-glycoprotein.

86.  The method of paragraph 81, wherein the differentiation media comprises a growth
factor. Growth factors may include EGF, FGF, NGF, PDGF, VEGF, IGF, GMCSF, GCSF,
TGF, Erythropoietin, TPO, BMP, HGF, GDF, Neurotrophins, MSF, SGF, GDF, and other
growth factors known in the art.

87.  The method of paragraph 91, wherein the growth factor is epidermal growth factor,
Noggin, DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a

mitogen activated protein kinase 14 inhibitor, and/or combinations thereof.

88. A two-dimension membrane organoid, comprising of:
a population of differentiated canine hepatic-derived cells which are capable of organ-
like functionality;

and a membrane.
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EXAMPLES

Embodiments of the present invention are further defined in the following non-limiting
Examples. It should be understood that these Examples, while indicating certain embodiments of
the invention, are given by way of illustration only. From the above discussion and these
Examples, one skilled in the art can ascertain the essential characteristics of this invention, and
without departing from the spirit and scope thereof, can make various changes and modifications
of the embodiments of the invention to adapt it to various usages and conditions. Thus, various
modifications of the embodiments of the invention, in addition to those shown and described
herein, will be apparent to those skilled in the art from the foregoing description. Such
modifications are also intended to fall within the scope of the appended claims. The disclosures
of each and every patent, patent application, and publication cited herein are hereby incorporated
herein by reference in their entirety.

The following examples are not intended to limit the scope of the claims.

EXAMPLE 1

Developing systems for studying drug hepatic transport and metabolism is critical for
predicting bioavailability of therapeutic drugs in medicine. Specifically, conventional systems
such as 2D epithelial cultures utilizing cancer-derived cell lines (e.g., Caco-2, T84, and HT29),
or spontaneously immortalized epithelial cells do not faithfully reproduce the structure and
function of hepatocytes or cholangiocytes. Since such systems do not express the same
transporters, such as canine P-gp, there is the risk for incorrect conclusions associated with
substrate specificity, drug-drug interactions, or enzyme kinetics. Specifically, Caco-2 cells are a
human colon adenocarcinoma cell line and are not derived from canine tissues. Therefore, any
data generated using Caco-2 will have uncertain relevance to models of canine oral drug
absorption and metabolism.

Because in vitro 3D cell culture systems provide a more realistic translation to in vivo
conditions than do most 2D culture systems, 3D hepatic organoids will better harness the
complexity of the in vivo biology. Accordingly, this would provide an opportunity to conduct in
vitro mechanistic studies for evaluating drug absorption. However, the molecular characteristics
of the organoids has not been assessed, particularly for P-gp. Therefore, it is essential to assess

the localization, expression, and function of P-gp in 3D models, such as canine ileal organoids.
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Material and Methods
Hepatic Tissue and Stem Cell Isolation for Culture of Hepatic Organoids

Hepatic stem cells were obtained and histological evaluation from healthy research
colony dogs. Briefly, samples were cut into small pieces and hepatic stem cells were released by
incubating the samples with complete chelating solution and EDTA (30 mM) for 60 min at 4 °C.
After release, the stem cell-containing pellet was suspended and seeded in 30 uL per well of
MATRIGEL® (CORNING® MATRIGEL® Growth Factor Reduced (GFR) Basement
Membrane Matrix) and 500 puL per well of complete medium with hepatic stem cell (HSC)
growth factors (CMGF+) supplemented with 10 uM rho-associated kinase inhibitor (ROCKi) Y-
27632 (Stem-Gent) and 2.5 uM glycogen synthase kinase 3 (GSK3p) inhibitor CHIR99021
(StemGent) before the plate was incubated at 37°C. The culture medium was changed to
CMGF+ without any supplement after 2 days of crypt isolation, while passage and expansion of
organoids were performed with TrypLE Express treatment at 37 °C for 10 min. Cells were
cultured for up to 11 days.

Once stable organoid cultures were established, representative hepatic organoids were
fixed with 10% formalin and stored in 70% ethanol for IHC staining and RN Ascope® 2.5
detection. All the formalin fixed samples were paraffin embedded and cut into 3-um sections for

placement onto glass slides.

Immunohistochemistry (IHC)

Immunohistochemistry (IHC) assays were performed based on a commercially available
protocol at the Iowa State University Veterinary Diagnostic Laboratory (Discovery Ultra,
Ventana Medical Systems, Inc.). Briefly, paraffin-embedded sections were first deparaffinized
and rehydrated, followed by antigen retrieval and blocking steps. The sections were incubated
with primary antibodies (LGRS, KRT7, CYP3A12, and CYP3A4), followed by
Diaminobenzidine (DAB) staining reagents and subsequently treated with hematoxylin
counterstaining. Image acquisition was performed using the Olympus CellSens Standard
Ver.1.18 (Tokyo, Japan), while semi-quantitative image analysis of DAB detection was
performed using the ImageJ v1.52q15. The quantified DAB staining was controlled by the
hematoxylin counterstaining to control for the number variation of the cell number within an

image.
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RNAscope

Paraffin embedded samples were also assayed for the cell differentiation markers of
KRT7, LGRS, AQP1, FOXATL, and CYP3A12 using RNAscope® 2.5 following the
manufacturers protocols.

EXAMPLE 2

A variety of organoid media and Formalin-Acetic Acid-Alcohol (FAA) solutions are
disclosed herein. Due to obtaining the various cell lines in the Example 1, specifically
cholangiocytes and hepatocytes, and maintaining stem cells within the cultures, it is possible to
optimize the CMGF+ media. For example, one may alter the concentrations and/or timing of
administering the growth factors to enrich for either hepatocytes or cholangiocytes.

The complete composition of CMGF+, CMGF+ R/G, and FAA are summarized in Table
2 below.

Table 2: Organoid Media

Organoid media composition Final concentration

Advanced DMEM/F12 NA
FBS 8%
Glutamax 2mM
HEPES 10mMm
Primocin 100 pg/ml
B27 supplement 1x
N2 supplement 1x
N-Acetyl-L-cysteine 1mM
Murine EGF 50 ng/ml
Murine Noggin 100 ng/ml
Human R-Spondin-1 500 ng/ml
Murine Wnt-3a 100 ng/ml
[Leu"|-Gastrin I human 10 nM
Nicotinamide 10 mM
A-83-01 500 nM
SB202190 (P38 inhibitor) 50 uM
TMS (trimethoprim sulfate) 10ug/ml
Additional components Final concentration
ROCK inhibitor (Y-27632) 10 uMm
Stemolecule CHIR99021 (GSK3p) 2.5 uM
FAA composition V/V percent
Ethanol (100%) 50%
Acetic Acid, Glacial 5%
Formaldehyde (37%) 10%
Distilled water 35%
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Further, preferred media for organoid monolayer cultures is summarized in Table 3
below. In embodiments, CMGF+ R/G in Transwells is changed in the apical and basolateral
chambers three times per week (e.g., Monday, Wednesday and Friday of each week). The longer
cultivation period over the weekend demands an increased volume of media in both apical and

basolateral chambers given on Friday afternoon with a media change on Monday morning.

Table 3

Name of Material/ Equipment |  Company  :Catalog Number
|organoid media | : :

ROCK inhibitor (Y-27632) SCM 075
e COID

[Leuls]-Gastrin | human i G9145-.5MG
,,,,,,,,,,,,,,,,,,,,,,, A-83-01 i  PeproTech @ 9094360  :
,,,,,,,,,, Advanced DMEM/F12 .12634-010

,,,,,,,,,,,,,,,,,,,,,,,,,,, FBS o..i...Corning - 35:010-CV
Glutamax 35050-061
HEPES 1848-500ML

Human R-Spondin-1

G

. 120-38-500UG

N2 supplement
N-Acetyl-L-cysteine
Nicotinamide

Primocin

17502-048
A9165-25G
NO636-100G

_ant-pm-1

TMS (trimethoprim sulfate) Sigma T7883-5G
[Reagents | 5
. AceticAcid, Glacial  : Fisher Chemical :  A38-500
,,,,,,,,,,,, Formaldehyde (37%) ! Fisher Chemical : _ F79P-4
Matrigel Matrix For Organoid 356255
,,,,,,,,,,,,,,,,,,,,,,, Culture T
PBS, 1X (Ph hate-Buffered :
» 1X (Phosphate-Buffere Corning | 21-040-CM
Saline) :

Alfa Aesar

Paraformaldehyde, 97% Al11313

12604-02

,,,,,,,,,, Cell Recovery Solution  :  Corning @ 354253
Collagen |, Rat Tail 3 mg/mL A10483-01
FITC-CM-Dextran 68059-1G
HBSS (1X) 14025-076

pha-D(+)-Glucose, 99+%, anhydro:
|Materials and Equipment
.9 PasteurPipets
Millicell ERS-2 Voltohmmeter | Millipore Sigma | MERS00002
Millicell ERS (Probes) . Millipore Sigma :  MERSSTX01
Corning Transwell 6.5mm | 5
Polyester Membrane Inserts Pre-i
Loaded in 24-Well Culture |

Plates, Pore Size: 0.4um, Sterile

Acros Organics © 170080010

Corning 3470
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EXAMPLE 3
As depicted in FIG. 5, an exemplar workflow for the transwell seeding protocol (“TSP”)
is provided below. Said workflow includes a precoating of transwell inserts, canine organoid

dissociation, canine organoid seeding, TEER Value Measurement, and monolayer upkeep.

1. Precoating of Transwell Inserts
1.1 Prepare an ice bucket and begin thawing Matrigel on ice. Place a 24-well plate containing
the needed number of inserts in the incubator to pre-warm. Collect 1% collagen 1, rat tail (3

mg/mL) and place on ice while protecting from light.

1.2 Pre-warm Complete media with growth factors enhanced with Rock inhibitor and GSKif3
(CMGF+ R/G) in the heat bath (37 °C). Furthermore, calculate the total number of inserts and
blanks required for the experiment. Each insert will need 100 pL of gel Master Mix.

1.3 In a 15 mL tube, mix CMGF+ R/G with Matrigel (1%) and collagen I (1%) and gently pipet

mix.

1.4 Coat each polyester insert with 100 uL. of the gel Master Mix and place in the incubator (37
°C; 5% COz atmosphere) for 1 hour.

1.5 After the incubation, carefully aspirate the gel Master Mix off each insert, being careful not

to disturb the insert filter. Place a pre-coated plate in the incubator to keep warm.

2. Canine Organoid Dissociation

Notably, use of canine organoids that have been cultured for at least four days. Before
beginning dissociation, refer to our other protocol to determine when a sample is healthy, dense,
and sufficient for experimentation (Gabriel et al., 2022). It is recommended to dissociate one
extra well of organoids for every well plating procedure. Furthermore, we recommend
increasing the desired number of inserts by ~20% to account for uneven organoid growth or

damage caused by improper manipulation. If planning to use FITC-dextran, prepare extra wells.

2.1 Prepare an ice bucket and cold Advanced DMEM/F12 in the biosafety cabinet.
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2.2. Place Matrigel on ice to begin thawing. Submersion in ice helps protect against rapid
thawing and helps avoid solidification. A box of pipette tips can be placed in the freezer to assist
in the plating of Matrigel.

2.3. Prechill a refrigerated centrifuge to 4 °C.

2.4. Move CMGF+ R/G from the freezer/refrigerator to a 37 °C water bath. Avoid direct light

exposure when possible.

2.5. Remove all media from wells for an appropriate number of wells (1 well of 24-well plate

per 2-4 inserts) while taking care to not disturb the Matrigel.

2.6. Add 0.5 mL of pre-chilled Cell Recovery Solution per well to dissolve Matrigel domes.

2.7. Incubate the plate in the refrigerator (4 °C) for 30 min.

2.8. Pipette the suspension, collect all organoids and dissolved Matrigel, and transfer to a 15 mL

tube.

2.9. Spin the tube (700 x g for 5 min at 4 °C) and remove supernatant down to the 0.5 mL mark,
making sure not to disturb the pellet.

2.10. Add 1 mL of TrypLE Express and incubate in the 37 °C water bath for 8 min. Flick the

tube several times in the middle of incubation to mix the cells.

2.11. Move the tube containing the sample back to a biosafety cabinet and slowly add 7 mL of
prechilled Advanced DMEM/F12 to inactivate TrypLE Express and stop the dissociation of the
cells.

2.12. Gently pipet the mixture and filter the suspension through a 40 um cell strainer.

2.13. Centrifuge the tube (700 x g for 5 min at 4 °C) and remove the supernatant. Make certain
not to disturb the pellet.
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2.14. Resuspend the cell pellet in ~300 uL culture media (CMGF+ R/G).

2.15. Count a subsample of the suspension (~10 pL) with a hemocytometer or appropriate

machine and determine the total cells in the suspension.

3. Canine Organoid Seeding
3.1 Dilute or concentrate the cell suspension to obtain a cell concentration of ~75,000 cells per

mL.

3.2 Seed 100 uL of the suspension into each insert.

3.3 Gently swirl the plate in a circular motion for ~30 s to disperse the seeded cells across the

nsert.

3.4 Add 700 uL. of CMGF + R/G to the basolateral chamber and place the plate in the incubator
(37 °C; 5% CO2 atmosphere) for 24 hours.

3.5 After 24 hours, gently remove the cell suspension from the apical chamber and replace it

with 200 pL of CMGF + R/G. Return the plate to the incubator.

4. TEER Value Measurement

In embodiments, TEER value measurements are performed using an epithelial Volt/Ohm
meter. TEER values provide information on the integrity of the canine organoid monolayer.
TEER values are measured using electrodes (probes) and a volt/ohm meter. Probes must be
chemically sterilized with 70% alcohol prior to inserting into the wells. The blank and organoid
cell inserts are measured, and TEER values are calculated. Media is subsequently refreshed in
both apical and basolateral chambers, and the canine organoid culture on the insert is visualized
using light microscopy. Tears in either organoid culture or microporous membrane are noted and

handled according to the protocol.

4.1. TEER value measurements are taken three days a week (e.g., on Mondays, Wednesdays,

and Fridays) during cell culture growth.
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4.2. Epithelial Volt/Ohm meter and its electrodes are moved to the biosafety cabinet. Electrodes

are chemically sterilized in 70% alcohol before use. Wait at least one minute until the electrodes

dry.

4.3. Before taking the first measurement, insert the wire electrode into the port and turn the

power on. The meter should display 1000 Q. If it is not the case, the device must be adjusted.

4 4. Insert electrodes in the apical and basolateral chamber of the cell-free insert (blank), so the
apical chamber contains the shorter electrode, and the basolateral chamber contains the longer
electrode. Make sure not to touch the membrane, but at the same time, electrodes must be

submerged in the media.

4.5. Wait a few seconds until the value stabilizes and note the value in a lab book. Measure the
remaining canine organoid monolayers, making sure to sterilize the electrodes with 70% alcohol
when measuring different samples. Take care not to touch the organoid monolayer with the

electrode.

4.6. After measurements are taken, sterilize the electrodes with 70% alcohol for the last time. Be
sure to protect them from damage caused by inappropriate manipulation and storage according

to manufacturer’s instructions.

4.7. Calculate the TEER values for every well using the following formula where Rsample and
Rolank are the ohm () values from the monolayer and blank wells, respectively, and the area

(cm?) is that of the insert.
TEER (2xcm?) = (Rsampie — Rpiank ) < Area [em?]

5. Monolayer Upkeep

5.1. Using sterile disposable 9" Pasteur pipets and a vacuum aspirator, gently aspirate the media
from apical and basolateral chambers. Tilt the plate to see the media surface clearly. Avoid
aspiration too close to the microporous membrane in the apical chamber to prevent damage to
the cell monolayer. Notably, one should use a new Pasteur pipet when moving between

samples.
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5.2. Slowly add CMGF+ R/G using P1000 pipettes aiming for a wall of the apical or basolateral
chamber. Media change in the apical chamber should be performed very carefully to not damage

the monolayer.

5.3. Wells are checked every other day under a light microscope, evaluating the health of the
culture, and monitoring for tears in the organoid monolayer, or the microporous membrane.

Using phase-contrast microscopy may highlight details of the culture.

Notably, in the case of canine organoid monolayer tears, the monolayer is given time to
recover and regrow. In the case of microporous membrane tears, the well must be excluded from

the experiment.

EXAMPLE 4
An exemplar workflow for a permeability experimental protocol summarized below.
Said protocol is carried out subsequent to the five steps described in Example 3. Accordingly,
the protocol steps are numbered 6 through 10 below, including the steps of evaluating organoid
monolayer readiness, preparing for the experiment, typical experimental layout, 3D cell
monolayer quality control, and fixing cell monolayers for downstream analysis. As described
herein, said five permeability experimental protocol is used to measure a drug’s iz vitro

permeability in hepatic organoids.

6. Evaluating Organoid Monolayer Readiness

In embodiments, these steps occur 8-14 days after seeding.

6.1. Check the monolayer at least every other day under the light microscope (phase-contrast
may assist in the visualization of the monolayer’s integrity). Continue to the next step when the

cell monolayer is fully formed without gaps or apparent signs of tears.

6.2. Change organoid media from CMGF+ R/G to CMGF+ (excluding Rock inhibitor and
GSKip from the media composition). We recommend swapping the media at least four days
prior to the experiment. The above two steps allow for proper differentiation of the organoid

monolayer.
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6.3. Continue measuring TEER values approximately every other day. When TEER values start
to plateau at 2000 Qxcm?, measure TEER values every day. This steady state can be maintained
for approximately 2-3 days, which is the optimal window of time to perform permeability

testing.

6.4. The drug permeability assay must be scheduled immediately to avoid a rapid decrease in

TEER values or overgrowth of the organoid monolayer to multiple cell layers.
7. Preparing for the Experiment
7.1. On the day of the experiment, measure TEER values and confirm that the values reached

steady state and are not declining rapidly.

7.2. Choose the best monolayers (via light microscopy and TEER values) from the excess of

20% inserts to perform the experiment.

7.3. Observe monolayers under a light microscope and exclude incomplete, torn or overgrown

organoid monolayers.
7.4. Prepare the transport buffer and adjust its pH to desired values.

In embodiments, the composition of the experimental buffer differs based on the
experimental setup. A frequently used buffer is composed of Hank's Balanced Salt Solution
(HBSS), glucose (12.5 mM), and 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES,
25 mM). This composition ensures the viability of organoid culture during an experiment.

7.5. Carefully aspirate media from apical and basolateral chambers of selected wells.

7.6. Add 200 uL of transport buffer to the apical chamber and 800 uL to the basolateral

chamber.

7.7. Place the plate in the incubator (37 °C; 5% CO:z atmosphere) for 30 min to equilibrate.

7.8. The canine organoid monolayers are now ready for the drug permeability experiment.
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8. Typical Experimental Layout

In embodiments, the experimental design and layout may change depending on the
research question being asked. In one embodiment, multiple concentrations of the drug of
interest are provided in 3-4 wells per group. The concentrations may be based on the expected
intestinal and/or hepatic concentration of the drug. Furthermore, using previous research may
help to determine appropriate time points for study design. A typical experiment collects
samples in the receiver chambers over 2 hours (e.g., 15, 30, 60, 90, 120 minutes) Appropriate
documentation of study design should be made to increase replicability and assist in

troubleshooting.

8.1 Prepare the drug or solute by dissolving it in the transport buffer to the desired final
concentration. Prepare more drug solution than needed. Drugs with low aqueous solubility may
be first dissolved in an organic solvent (e.g., ethanol, DMSO) prior to adding to the buffer. The

final concentration of the solvent should be less than 1% so as not to damage the cell monolayer.

8.2 Remove buffer from the donor chamber of each well.

8.3 Add the drug solution to all the donor chambers. The remaining solution serves as the time

zero donor solution for measurement of initial drug concentration.

8.4 At the required time points, remove 50 uL. from the receiving chamber and place it in a
labeled tube. At the last timepoint, remove a sample from the donor chamber. At the end of the

experiment, transfer the donor and receiver aliquots to a -20 °C freezer.

9. 3D Cell Monolayer Quality Control

FITC-dextran solution may be used to confirm monolayer integrity during the experiment.
9.1 At time 0 min, aspirate contents of the apical chamber and replace with 250 uL of FITC-
dextran solution (XX) in triplicate for each experimental group. Do not expose FITC-dextran to

light.

9.2 After 20 minutes, remove the buffer from the basolateral chamber.
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9.3 Measure the fluorescence intensity of the basolateral sample using a fluorescence plate

reader (excitation set at 485 nm and emission value at 528 nm).

9.4 After the experiment concludes, carefully aspirate excess buffer from the apical and

basolateral chambers.

9.5 Add 200 pL of CMGF+ in the apical chamber and 700 pL to the basolateral chamber.

9.6 Measure TEER values in the individual wells.

9.7 Place the plate in the incubator (37 °C; 5% CO2 atmosphere) for 24 hr.

9.8 If applicable, after 24 hours, measure TEER values to assess possible damage to the

monolayer during the quality control portion of the experiment, use light microscopy to

visualize the integrity of the canine organoid monolayer.

10. Fixing Cell Monolayers for Downstream Analysis

10.1 Prepare Formalin-Acetic Acid-Alcohol solution (See FAA composition in Table 2).
10.2 Fill the apical and basal chambers with FAA.
10.3 After 24 hours, aspirate the FAA and replace it with 70% Ethanol.
10.4 Wrap the plate with parafilm to prevent evaporation and proceed to block preparation.

The features disclosed in the foregoing description, or the following claims, or the
accompanying drawings, expressed in their specific forms or in terms of a means for performing
the disclosed function, or a method or process for attaining the disclosed result, as appropriate,

may, separately, or in any combination of such features, be utilized for realizing the invention in

diverse forms thereof.
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What is claimed is:
1. A canine hepatic organoid, comprising:
a population of differentiated canine hepatic-derived cells which are capable of organ-

like functionality.

2. The hepatic organoid of claim 1, wherein the hepatic-derived cells are adult stem-cell

derived cells.

3. The hepatic organoid of claim 1, wherein the hepatic-derived cells are induced

pluripotent derived stem cells.

4. The hepatic organoid of claim 1, further comprising an extracellular matrix, wherein the

hepatic organoid maintains the organ’s three-dimensional structures.

5. The hepatic organoid of claim 4, wherein the hepatic-derived cells are epithelial cells and

maintain the expression of tight junction proteins.

6. The hepatic organoid of claim, wherein the hepatic-derived cells maintain the expression

of P-glycoprotein.

7. The epithelial organoid of claim 1, wherein the epithelial-derived cells are diseased.
8. The epithelial organoid of claim 7, wherein the disease is cancer.
9. A culture media for differentiating hepatic stem cells into hepatic organoids, comprising:

a complete media; and
a growth factor, wherein the growth factor differentiates the hepatic stem cell into the

hepatic organoid.

10.  The culture media of claim 9, wherein the growth factor is epidermal growth factor,
Noggin, DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a

mitogen activated protein kinase 14 inhibitor, and/or combinations thereof.
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11. The culture media of claim 9, further comprising a rho kinase inhibitor and/or a glycogen

synthase kinase 3 inhibitor.

12. The culture media of claim 11, wherein the rho kinase inhibitor is Y27632, Y39983, Wf-
536, SLx-2119, Azabenzimidazole-aminofurazans, DE-104, olefins, isoquinolines, indazoles,
pyridinealkene derivatives, H-1152P, ROKa inhibitors, XD-4000, HMN-1152, 4-(1-
aminoalkyl)-N-(4-pyridyl)cyclohexane-carboxamides, Rhostatin, BA-210, BA-207, BA-215,
BA-285, BA-1037, Ki-23095, VAS-012, fasudil and/or combinations thereof.

13. The culture media of claim 12, wherein the glycogen synthase kinase 3 inhibitor is an

aminopyrimidine.

14. A canine hepatic organoid culture system, comprising:
a three-dimensional canine epithelial organoid, comprising a population of differentiated
canine epithelial-derived cells which are capable of organ-like functionality;
an extracellular matrix; and
a culture media for differentiating stem cells into organoids, comprising:
a complete media; and
a growth factor, wherein the growth factor differentiates the stem cell into the

organoid.

15.  The canine hepatic organoid culture system of claim 14, further comprising a tho kinase

inhibitor and/or a glycogen synthase kinase 3 inhibitor.

16. A method of culturing canine hepatic organoid, comprising:
obtaining a hepatic sample from a canine; and

exposing the sample to a differentiation media.

17. The method of claim 16, further comprising isolating a stem cell of interest from the

hepatic sample; and enriching the sample for stem cells.

18. The method of claim 16, further comprising seeding the sample into an extracellular

matrix.
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19. The method of claim 18, wherein between about 20 to about 200 cells are seeded into the

extracellular matrix.

20. The method of claim 19, wherein the extracellular matrix stabilizes the three-

dimensional structure of the organoid.

21. The method of claim 16, further comprising initially contacting the sample with a

protective media.

22. The method of claim 21 wherein the sample is contacted with the protective media for

about 1 day to about 4 days.

23.  The method of claim 21, wherein the protective media comprises a rho kinase inhibitor

and/or a glycogen synthase kinase 3 inhibitor.

24, The method of claim 23, wherein the rho kinase inhibitor is Y27632, Y39983, W{-536,
SLx-2119, Azabenzimidazole-aminofurazans, DE-104, olefins, isoquinolines, indazoles,
pyridinealkene derivatives, H-1152P, ROKa inhibitors, XD-4000, HMN-1152, 4-(1-
aminoalkyl)-N-(4-pyridyl)cyclohexane-carboxamides, Rhostatin, BA-210, BA-207, BA-215,
BA-285, BA-1037, Ki-23095, VAS-012, fasudil and/or combinations thereof.

25. The method of claim 23, wherein the glycogen synthase kinase 3 inhibitor is an

aminopyrimidine.

26. The method of claim 16, wherein the differentiation media comprises:
a complete media; and

a growth factor, wherein the growth factor differentiates the stem cell into the organoid.
27.  The method of claim 26, wherein the growth factor is epidermal growth factor, Noggin,
DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a mitogen

activated protein kinase 14 inhibitor, and/or combinations thereof.

28. The method of claim 16, further comprising genetic engineering the sample.
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29.  The method of claim 28, wherein the genetic engineering is performed prior to exposing

the sample to the differentiation media.

30. The method of claim 28, wherein the genetic engineering is a DNA modification.

31. The method of claim 30, wherein the genetic engineering is performed by Cas variants,

TALEN, meganucleases, or Zinc Fingers.

32. The method of claim 28, wherein the genetic engineering is a RNA modification.

33. The method of claim 32, wherein the genetic engineering is performed by RNAi,
LEAPER, or Cas variants.

34, A media for freezing hepatic organoids, comprising:
a differentiation media;
dimethyl sulfoxide; and

fetal bovine serum.

35.  The media for freezing hepatic organoids of claim 34, wherein the differentiation media

1s from about 40% to about 60%.

36.  The media for freezing hepatic organoids of claim 34, wherein the dimethyl sulfoxide is

from about 5% to about 15%.

37.  The media for freezing hepatic organoids of claim 34, wherein the fetal bovine serum is

from about 30% to about 50%.

38.  The media for freezing hepatic organoids of claim 34, wherein the differentiation media

comprises a growth factor.

39.  The media for freezing hepatic organoids of claim 38, wherein the growth factor is
epidermal growth factor, Noggin, DAPT, dexamethasone, a transforming growth factor beta

receptor I inhibitor, a mitogen activated protein kinase 14 inhibitor, and/or combinations thereof.
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40. A method for freezing a hepatic organoid, comprising:
extracting the hepatic organoid from culture;
resuspending the hepatic organoid in a freezing media, the freezing media comprising:
a differentiation media;
dimethyl sulfoxide; and

fetal bovine serum.

41. The method of claim 40, wherein the differentiation media is from about 40% to about

60% v/v.

42. The method of claim 40, wherein the dimethyl sulfoxide is from about 5% to about 15%

v/v.

43, The method of claim 40, wherein the fetal bovine serum is from about 30% to about 50%

v/v.

44, The method of claim 40, wherein the differentiation media comprises a growth factor.

45.  The method of claim 444, wherein the growth factor is epidermal growth factor, Noggin,
R-spondin-1, DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a

mitogen activated protein kinase 14 inhibitor, and/or combinations thereof.

46. The method of claim 40, further comprising freezing the hepatic organoid below about -
76°C in a freezer for up to 7 days.

47. The method of claim 40, further comprising freezing the hepatic organoid in liquid

nitrogen.

48. A method of recovering a hepatic organoid from being frozen, comprising:

thawing the frozen hepatic organoid in freezing media;

transferring the thawed hepatic organoid in freezing media to a complete media drop
wise;

pelleting the complete media containing the hepatic organoid by centrifugation;

aspirating both the freezing media and complete media from the pellet; and
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resuspending the pellet.

49, The method of claim 48, wherein the pellet is resuspended in an extracellular matrix.

50. The method of claim 49, further comprising:
transferring the resuspended pellet to a cell culture plate;
allowing sufficient time for extracellular matrix to settle; and
adding protecting media to the gelled extracellular matrix containing the epithelial

organoids.

51. The method of claim 50, wherein the protecting media comprises a rho kinase inhibitor

and/or a glycogen synthase kinase 3 inhibitor.

52. The culture media of claim 51, wherein the rho kinase inhibitor is Y27632, Y39983, Wf-
536, SLx-2119, Azabenzimidazole-aminofurazans, DE-104, olefins, isoquinolines, indazoles,
pyridinealkene derivatives, H-1152P, ROKa inhibitors, XD-4000, HMN-1152, 4-(1-
aminoalkyl)-N-(4-pyridyl)cyclohexane-carboxamides, Rhostatin, BA-210, BA-207, BA-215,
BA-285, BA-1037, Ki-23095, VAS-012, fasudil and/or combinations thereof.

53. The culture media of claim 51, wherein the glycogen synthase kinase 3 inhibitor is an

aminopyrimidine.

54, A method for detecting the differences between a healthy hepatic organoid and a
diseased hepatic organoid, comprising:

obtaining a healthy sample;

obtaining a diseased sample;

culturing the samples in a differentiation media to form a healthy organoid and a
diseased organoid;

detecting the expression level of a RNA, protein, and/or the concentration of a metabolite

in the healthy organoid and the diseased organoid.

55. The method of claim 54, wherein the healthy sample and the diseased sample are taken

from the same subject.
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56. The method of claim 54, wherein the healthy sample and the diseased sample are taken

from different subjects.

57. The method of claim 54, wherein the detecting is of RNA expression.

58. The method of claim 54, wherein the detecting is of protein expression.

59. The method of claim 54, wherein the detecting is of metabolite expression.

60. The method of claim 54, further comprising administering to the samples an

environmental and/or dietary trigger.

61. The method of claim 54, wherein the differentiation media comprises a growth factor.

62.  The method of claim 61, wherein the growth factor is epidermal growth factor, Noggin,
DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a mitogen

activated protein kinase 14 inhibitor, and/or combinations thereof.

63. A method for detecting the differences between a healthy hepatic organoid and a
genetically modified hepatic organoid, comprising:

obtaining at least two hepatic samples;

genetically modifying one or more of the hepatic samples;

culturing the samples in a differentiation media;

detecting the expression level of a RNA, protein, epigenetics, and/or the concentration of

a metabolite in the healthy sample and the diseased sample.

64.  The method of claim 63, wherein the healthy sample and the sample to be genetically

modified are obtained from the same subject.

65.  The method of claim 63, wherein the healthy sample and the sample to be genetically

modified are obtained from different subjects.

66. The method of claim 63, wherein the detecting is of RNA expression.
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67. The method of claim 63, wherein the detecting is of protein expression.
68. The method of claim 63, wherein the detecting is of metabolite expression.

69. The method of claim 63, further comprising administering to the samples an

environmental and/or dietary trigger.

70. The method of claim 68, wherein the differentiation media comprises a growth factor.

71.  The method of claim 70, wherein the growth factor is epidermal growth factor, Noggin,
DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a mitogen

activated protein kinase 14 inhibitor, and/or combinations thereof.

72. The method of claim 63, wherein the genetic engineering is a DNA modification.

73. The method of claim 72, wherein the genetic engineering is performed by Cas variants,

TALEN, meganucleases, or Zinc Fingers.

74. The method of claim 63, wherein the genetic engineering is a RNA modification.

75. The method of claim 74, wherein the genetic engineering is performed by RNAi,
LEAPER, or Cas variants.

76. A method of screening drug absorption in the canine liver, comprising:
obtaining a sample of canine liver;
culturing the sample in differentiation media to form an organoid.;
administering a drug;
allowing sufficient time for absorption into the organoid lumen; and
detecting the concentration of the drug in the lumen and/or intracellular space of the

organoid.

77. The method of claim 76, further comprising administering a P-glycoprotein interacting

compound to the organoid.
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78. The method of claim 77, wherein the P-glycoprotein interacting compound is an

inhibitor.

79. The method of claim 77, wherein the P-glycoprotein interacting compound is a substrate.

80. The method of claim 77, wherein the P-glycoprotein interacting compound is an inducer.

81. The method of claim 76, wherein two or more samples are obtained at different time

points from the same subject.

82. The method of any one of claim 76, wherein detecting is measured by fluorescence, a

binding assay, through high performance liquid chromatography, and/or staining.

83. The method of claim 76, further comprising genetically modifying P-glycoprotein.

84. The method of claim 76, wherein the genetic-modification alters the expression level of

P-glycoprotein.

85.  The method of claim 76, wherein the genetic-modification alters the binding kinetics of

P-glycoprotein.

86. The method of claim 81, wherein the differentiation media comprises a growth factor.

87.  The method of claim 91, wherein the growth factor is epidermal growth factor, Noggin,
DAPT, dexamethasone, a transforming growth factor beta receptor I inhibitor, a mitogen

activated protein kinase 14 inhibitor, and/or combinations thereof.

88. A two-dimension membrane organoid, comprising of:
a population of differentiated canine hepatic-derived cells which are capable of organ-
like functionality;

and a membrane.

89.  The two-dimension membrane organoid of claim 88, wherein the membrane is

permeable.
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89.  The two-dimension membrane organoid of claim 88, wherein the membrane well.



WO 2022/197935 PCT/US2022/020768

117

FIG. 1A

Fig. 1B




PCT/US2022/020768

WO 2022/197935

217

Fig. 1C

.1D

FIG




WO 2022/197935 PCT/US2022/020768

317

FIG. 2A

FIG. 2B




WO 2022/197935 PCT/US2022/020768

4/7

FIG. 2C




WO 2022/197935 PCT/US2022/020768

517

FIG. 3A

FIG. 3B




WO 2022/197935 PCT/US2022/020768

6/7

FIG. 4A

FIG. 4B




WO 2022/197935 PCT/US2022/020768

717

FIG.5

PRECOATING OF TRANGWELL INSERTS

3 Hl
«\\\\\\\\\\\\g\\\\ .~:-x\\\\3\\§\\\\\\\

RMASTER pIX INSERY PRECOATING INCUBATION

2

N CAKINE DRGANCID BISSOCIATION

Nt 30 MIN

e ...;.,\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\ -.\\\\\\\\\\\\\\\\\-
» b

.«\\\\\\\\\\\\\\\

3
3

ORGANOH CLITURE CELL RECOVERY £ INCURATION TRAMEFER CENTRIFUGATION

N
N

¥

CARINE ORGANDD DISSOCIATION

SR,
SN

\\\\\\\\\\\\\\\\\

DIGSOTIATION S7°C INCUBATION FELLEY CELL COUNTIRG

gﬁ\\t\g\\\\\ E “\\\\.\\\\

2

7z

SEEDING SWIRL BASTHLAYERAL MRS INCUBATION APICAL MEDIA




.INTERN.ATIONAL SEARCH_ REPORT o International applieation No.
' ' ' PCT/US2022/020768

A. CLASSIFICATION OF SUBJECT: MATTER
IPC(8) - A61K 35/407; C12N 5/00; C12N 5/071;;C12N 5/074; C12N 5/0789; C12N 5/09 (2022 01)..

CPC- C12N 5/0671; G12N 5/0672; C12N 5/0693; G12N 2506/00; 12N 2513/00; C12N 2533/90; GO1N
© - 33/5067 (2022.05)

According to International Patent Classrﬁcatron ([PC) orto both national classification and IPC '

| B.  FIELDS SEARCHED.-

Minimum documentation searched (classrt' cation system fol]owed by classification symbols)

| see Search History document

Documentatron searched other than minimum documentation to the extent that such documents are included in the fields searched

see Search History document

Electronic data base consulted during the_ international search (name of data base and, where practicable, search terms used)

see Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X <|NANTASANTI et al. “Disease Modeling and Gene Therapy'of Copper Storage Disease in 1,2,4-6
_— Canine Hepatic Organoids,” Stem Cell Reports, 10 November 2015 (10 11.2015), Vol. 5, Pgs. |-
Y 895 907. entire document o 88.l89a, 89b
X WO 2019/237124 A1 (ARIZONA BOARD OF REGENTS ON BEHALF OF ARIZONA STATE 11.3,7,8
) UNIVERSITY) 12 December 2019 (12.12.2019) entire document
Y ~|AMBROSINI et al. “Recapitulation of the accessible interface of biopsy-derived canine intestinal |88, 89a, 89b
organoids to study epithelial-luminal interactions,” PLoS One, 17 Apnl 2020 (17 04. 2020) Vol. o
15, e0231423 Pgs. 1 17. entire document
- A ~|BRIA et al. “Hepatic progenltor cell actlvatlon in liver repair,” Liver Res'.'09 August 2017 1-8, 88, 89a, 89b
(09.08.2017), Vol. 1, Pgs. 81-87. entire document
A US 2019/0316093 A1 (INSPHERO AG) 17 October 2019 (17.10.2019) entire document 1-8, 88, 89a, 89b
P,X ~— |GABRIEL et al; “Standardization and Maintenance of 3D Canine Hepatic and Intestinal ' 1-8, 88, 89a, 89b
Organoid Cultures for Use in Biomedical Research,” J Vis Exp, 31 January 2022 (31.01.2022), B
“IVol. 179, 63515, Pgs. 1-29. entire document
D Further documents are-listed in the continuation of Box C. - I:] See patent family annex.
*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance ‘ the principle or theory underlying the invention
“D”  document cited by the applicant in the international application “X” document of particular relevance; the claimed mventlon cannot be
“E” earlier application or patent but pubhshed on or after the international considered novel or cannot be consrdered to mvolve an inventive step
filing date when the document is taken alone )
“L” document which may throw doubts on priority claim(s) or Wthh “Y” document of particular relevance; the clalmed invention cannot
is cited to establish the publication date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) , .combined with one or more other such documents, such combination

“0” documentreferringtoan oral disclosure, use, exhlbmon orothermeans ~ Deing obvious to a person skilled in the art

“P”  document published prior to the international ﬁlmg date but later than “&” document member of the same patent family

the priority, date claimed
Date of the actual completion of the international search Date of mailing of the mtematrona] search report
2July2022 C o C a AUG 15 2022
"| Name and mailing address of the ISA/US . Authori_zed officer -
Mail Stop PCT, Attn: ISA/US Commissioner for Patents . - Taina Matos
P.0. Box 1450, Alexandrla VA 22313-1450 - )
Facsimile No. 571-273-8300 : o - Telephone No. PCT Helpdesk 571 272—4300 '

Form PCT/ISA/210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT : International application No.

PCT/U82022/020768

Box No.II - Observations where certain claims were found unsearchable (Continuation of item 2 of first sheét)

This international search report has not been estaﬁlished in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not requ1red to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the 1nternat10na1 application that do not comply with the prescribed requxrements to such an
extent that no meaningful international search can be carried out, spec1ﬁcally

3. I:I Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

"This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet(s).

1. D As all required additional search fees were timely paid by the appllcant this international search report covers all searchable
claims.

D

As all searchable claims could be searched without effort justifying additional fees, this Authority d1d not invite payment of
additional fees. :

3. |:| As only some of the requlred addmonal search fees were timely paid by the applicant, this international search report covers
-only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequéntly, this international search report is restricted
— to the invention first mentioned in the claims; it is covered by claims Nos.:

1-8, 88, 89a, 89b

Remark on Protest ' D The additional search fees were accompamed by the applicant’s protest and, where applicable, the
' payment of a protest fee.

I:I “The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.. ‘

I:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT Tntornational application No.

PCT/US2022/020768

Continued from Box No. IIl Observations where unity of invention is lacking

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 examined, the appropriate additional examination fees need to be paid.

Group I: claims 1-8, 88, 89a, and 89b are drawn to canine hepatic organoids.

Group Il: claims 9-13, and 34-39 are drawn to culture media.

Group IlI: claims 14 and 15 are drawn to canine hepatic organoid culture systems.

Group IV: claims 16-33, and 40-87 are drawn to method of culturing canine hepatic organoids.

The inventions listed in Groups I-IV do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group |, a canine hepatic organoid, are not present in Groups |I-1V; the special technical features of
Group Il, culture media for differentiating hepatic stem cells into hepatic organoids, are not present in Groups |, llI, or IV; the special
technical features of Group lli, a canine hepatic organoid culture system, are not present in Groups |, ll, or IV; and the special technical
features of Group IV, a method of culturing canine hepatic organoid, are not present in groups I-IlI.

Additionally, even if Groups |-V were considered to share the technical features of a canine hepatic organocid. However, these shared
technical features do not represent a contribution over the prior art.

Specifically, US 2019/0316093 A1 to Insphero Ag discloses a canine hepatic organoid (hepatic organoid culture model, Para. [0018];
canine cells, Para. [0045]).

The inventions listed in Groups I-IV therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical features.

Form PCT/ISA/210 (extra sheet) (July 2019)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - wo-search-report
	Page 72 - wo-search-report
	Page 73 - wo-search-report

