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IMPROVED DIFFERENTIATION METHOD

All documents cited herein are incorporated by reference in their entirety.
TECHNICAL FIELD

The invention is in the field of cell culture media and methods, in particular culture media and

methods for differentiating progenitor cells, e.g. human epithelial stem cells.
BACKGROUND

There is great interest in culture media and methods for differentiating progenitor cells. Progenitor
cells and their differentiated progeny can be used in cellular assays, drug screening, and toxicity
assays. Progenitor cells and their differentiated progeny also show promise for cell-based therapies,
such as in regenerative medicine for the treatment of damaged tissue. Furthermore, efficient cell
culture media are important for providing and maintaining populations of cells for research

purposes.

Methods for the long-term culture of progenitor cells or tissue fragments derived from several
tissues (e.g. pancreas, colon, intestinal crypts, stomach, liver and prostate) have been described (see
WO 2010/090513, WO 2012/014076, WO 2012/168930 and WO 2015/173425). There is a need for
improved culture media and methods that result in a higher efficiency of differentiation of
progenitor cells and the generation of differentiated cells that more closely reflect corresponding

cell types in vivo.
SUMMARY OF THE INVENTION

The invention provides a method for differentiating progenitor cells, wherein said method

comprises:

culturing the cells in a differentiation medium comprising a basal medium and one or more
receptor tyrosine kinase ligands, a Notch inhibitor, a glucocorticoid, a TGF-beta inhibitor and one

or more Wnt inhibitors.

The invention further provides a method for differentiating progenitor cells, wherein said method

comprises:

culturing the cells in a differentiation medium comprising a basal medium and one or more
receptor tyrosine kinase ligands, a Notch inhibitor, a glucocorticoid, a TGF-beta inhibitor and a
GSK-3 inhibitor.
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The invention further provides a method for differentiating progenitor cells, wherein said method

comprises:

culturing the cells in a differentiation medium comprising a basal medium and one or more
receptor tyrosine kinase ligands, a Notch inhibitor, a glucocorticoid, a TGF-beta inhibitor and an

AP-1 stimulant.

The invention further provides a method for culturing epithelial stem cells, preferably to obtain an

organoid, wherein said method comprises:

culturing one or more epithelial stem cells in contact with an extracellular matrix in the
presence of an expansion medium; preferably wherein the expansion medium comprises a basal
medium, and further comprises: one or more receptor tyrosine kinase ligands, one or more Wnt

agonist, a TGF-beta inhibitor and a cAMP pathway activator; and

culturing the one or more expanded epithelial stem cells in a differentiation medium of the

invention.

The invention further provides a method for culturing liver epithelial stem cells, preferably to obtain

a differentiated liver organoid, and wherein said method comprises:

culturing one or more liver epithelial stem cells in contact with an extracellular matrix in the
presence of an expansion medium; preferably wherein the expansion medium comprises a basal
medium, and further comprises: EGF, FGF10, HGF, a Wnt agonist (¢.g. Rspondin), Nicotinamide, a
TGF-beta inhibitor, forskolin and gastrin; and subsequently

culturing the one or more expanded liver epithelial stem cells in contact with an extracellular

matrix in the presence of a differentiation medium of the invention.
The invention further provides an organoid obtainable or obtained by a method of the invention.

The invention further provides an organoid in which at least 40%, at least 50%, at least 60%, at

least 70%, at least 80%, at least 90% or at least 99% of the cells express hepatocyte markers.

The invention further provides an organoid of the invention, or a cell derived from said organoid,

for use in medicine.

The invention further provides the use of an organoid of the invention, or a cell derived from said

organoid, in a drug discovery screen; toxicity assay; diagnostics; research of tissue embryology, cell
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lineages, and differentiation pathways; gene expression studies including recombinant gene
expression; research of mechanisms involved in tissue injury and repair; research of inflammatory
and infectious diseases; studies of pathogenetic mechanisms; or studies of mechanisms of cell

transformation and actiology of cancer.

The invention further provides a pharmaceutical formulation comprising one or more receptor
tyrosine kinase ligands, a Notch inhibitor, a glucocorticoid, a TGF-beta inhibitor, a Wnt pathway
inhibitor, a GSK3beta inhibitor and an AP-1 stimulant.

A method for screening for a therapeutic or prophylactic pharmaceutical drug or cosmetic, wherein

the method comprises:

contacting a differentiated organoid of the invention with a candidate molecule (or a library

of candidate molecules),

evaluating said organoid for any effects (e.g. any change in the cell, such as a reduction in or
loss of proliferation, a morphological change and/or cell death) or a change in organoid (e.g. the

organoid size or motility);

identifying the candidate molecule that causes said effects as a potential drug or cosmetic;

and optionally
preparing said candidate molecule as pharmaceutical or cosmetic.

DETAILED DESCRIPTION

Methods for differentiating progenitor cells from a variety of tissues have previously been described
in WO 2010/090513, WO 2012/014076, WO 2012/168930 and WO 2015/173425. The present
inventors have surprisingly found that adding a Wnt inhibitor to the culture medium improves the
differentiation of progenitor cells, ¢.g. as exemplified using liver cells (see Example 1). For
instance, addition of a Wnt inhibitor to the culture medium can result in the differentiation of a
higher proportion of a cell population in an organoid. Furthermore, addition of a Wnt inhibitor can
result in the cells in the differentiated organoids more closely resembling differentiated cells (e.g.
hepatocytes) in vivo. For example, a greater level of Cyp3A4 expression in the context of liver cells.
This is surprising because paneth cell differentiation requires Wnt and mature hepatocytes have
active Wnt signalling (see, e.g., Farin ef al. (2012) Gastroenterology 143:1518-1529; Yang et

al. (2014) Hepatology 60(3):964-976 and Gerbal-Chaloin et al. (2014) Molecular

Pharmacology 86:624-634). Therefore, it is surprising that it is possible to improve differentiation
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by blocking this pathway. The inventors have shown that blocking this pathway at any level is
useful, such as blocking Wnt secretion or inhibiting -catenin target gene expression (see further

comments under “Wnt inhibitors”). Accordingly, the invention provides the use of a Wnt inhibitor

for differentiating progenitor cells, ¢.g. liver epithelial stem cells.

The present inventors have also unexpectedly found that the addition of a GSK-3 inhibitor to a
differentiation medium has advantageous effects. For example, it promotes the differentiation of
progenitor cells. For instance, addition of a GSK-3 inhibitor to a culture medium can result in the
differentiation of a higher proportion of a cell population in an organoid. Furthermore, addition of a
GSK-3 inhibitor can result in the cells in the differentiated organoids more closely resembling
differentiated cells (e.g. hepatocytes) in vivo. Accordingly, the invention provides the use of a GSK-
3 inhibitor for differentiating progenitor cells, e.g. liver epithelial stem cells. The advantageous
effects associated with the addition of a GSK-3 inhibitor to a differentiation medium are enhanced
by the inclusion of a Wnt inhibitor that acts downstream of the B-catenin destruction complex. This
is surprising because a GSK-3 inhibitor is known to be a Wnt agonist, which has previously been
used in media for expanding, instead of differentiating, progenitor cells (e.g. see WO 2010/090513).
Moreover, the use of a Wnt inhibitor and a Wnt agonist in combination was not obvious.
Accordingly, the invention provides the use of a GSK-3 inhibitor in combination with a Wnt
inhibitor that acts downstream of the B-catenin destruction complex for differentiating progenitor

cells, e.g. liver epithelial stem cells.

AP-1 is a dimeric transcription factor composed of the products of the Jun and Fos families of
genes. The present inventors have surprisingly found that the addition of an AP-1 stimulant (such as
a muscarinic acetylcholine receptor agonist) to a differentiation medium has advantageous effects.
For example, it promotes the differentiation of progenitor cells. For instance, addition of an AP-1
stimulant (such as a muscarinic acetylcholine receptor agonist) to a culture medium can result in the
differentiation of a higher proportion of a cell population in an organoid. Furthermore, addition of
an AP-1 stimulant can result in the cells in the differentiated organoids more closely resembling
differentiated cells (e.g. hepatocytes) in vivo. This is surprising because AP-1 was previously
thought to be linked with proliferation, such as hepatocyte proliferation during liver regeneration
(see, e.g., Stepniak et al. 2006). Indeed, AP-1 was previously reported to acts an oncogene during
liver carcinogenesis (see, e.g., Trierweiler ef al. (2015) Cell Death and Differentiation 1-7).
Therefore, the inventors’ observation that an AP-1 stimulant can promote differentiation was highly
unexpected. Accordingly, the invention provides the use of an AP-1 stimulant for differentiating
progenitor cells, e.g. liver epithelial stem cells. The invention also provides the use of a muscarinic

acetylcholine receptor agonist for differentiating progenitor cells, e.g. liver epithelial stem cells.
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The present inventors have also unexpectedly found that splitting a culture of progenitor cells
before culturing the progenitor cells in a differentiation medium has advantageous effects. For
example, it promotes the differentiation of progenitor cells. For instance, splitting progenitor cells
before culturing them in a differentiation medium can result in the differentiation of a higher
proportion of a cell population in an organoid. Furthermore, splitting the culture of progenitor cells
before culturing the progenitor cells in a differentiation medium can result in the cells in the

differentiated organoids more closely resembling differentiated cells (e.g. hepatocytes) in vivo.

The inventors showed that these improvements to the differentiation method are additive and thus a
differentiation method is most improved when the medium comprises a combination of two or more
of a Wnt inhibitor, a GSK-3 inhibitor and an AP-1 stimulant, and/or when the culture of progenitor

cells is split before differentiation.

Accordingly, there is provided a method for differentiating progenitor cells, wherein said method
comprises culturing one or more progenitor cells in a differentiation medium, the differentiation
medium comprising a basal medium and further comprising: (a) one or more Wnt inhibitors, (b) one
or more GSK-3 inhibitors (and preferably one or more Wnt inhibitors that act downstream of the
B-catenin destruction complex) and/or (c) one or more AP-1 stimulants (e.g. one or more
muscarinic acetylcholine receptor agonists). The differentiation medium is a differentiation medium
of the invention. For instance, in one embodiment, the differentiation medium comprises a basal
medium and further comprises one or more Wnt inhibitor (e.g. a Wnt secretion inhibitor, such as
IWP-2, and/or an inhibitor of TCF/LEF, such as iCRT3). In another embodiment, the differentiation
medium comprises a basal medium and further comprises one or more GSK-3 inhibitor (e.g.
CHIR99021) and preferably one or more Wnt inhibitors that act downstream of the B-catenin
destruction complex (e.g. iCRT3). In another embodiment, the differentiation medium comprises a
basal medium and further comprises one or more AP-1 stimulant (e.g. carbachol). These

embodiments are technically compatible and can be combined in any way.

In a preferred embodiment, the differentiation medium of the invention further comprises, in
addition to the one or more components described above, one or more, preferably all, of the
components in the list: one or more receptor tyrosine kinase ligands (e.g. EGF, HGF and/or
FGF19), a Notch inhibitor (¢.g. DAPT), a glucocorticoid (e.g. dexamethasone), and a TGF-beta
inhibitor (e.g. an ALKS5, ALK4 or ALK 7 inhibitor, such as A83-01). The differentiation medium
optionally further comprises a BMP pathway activator (e.g. BMP7) and/or gastrin. The
differentiation medium is optionally supplemented with N-acetylcysteine, B27 and/or N2. In some
embodiments, the differentiation medium of the invention comprises a buffer (e.g. HEPES). In a

preferred embodiment, the basal medium is Advanced DMEM/F12 (Gibco).
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The differentiation medium of the invention is particularly advantageous for differentiating liver
progenitor cells (e.g. liver epithelial stem cells), e.g. as shown in Example 1. This differentiation
medium is also expected to be advantageous for tissues closely related to the liver, such as the

pancreas, and also for other epithelial tissues. Each of the components of the differentiation medium

is described in detail below.

In some embodiments, the method further comprises an expansion step in which the progenitor cells
(e.g. epithelial stem cells) are first cultured in an expansion medium before subsequently culturing
in a differentiation medium of the invention. There is therefore provided a method for culturing
progenitor cells, wherein the method comprises (a) culturing one or more progenitor cells in an
expansion medium to obtain an expanded population of progenitor cells (preferably an expansion
organoid), and (b) culturing the expanded population progenitor cells or expansion organoid in a
differentiation medium of the invention to obtain an differentiated population of progenitor cells

(preferably a differentiation organoid).

There is also provided a method for culturing progenitor cells (e.g. epithelial stem cells), wherein
said method comprises splitting the culture of progenitor cells before culturing in the presence of a
differentiation medium. In some embodiments, this method further comprises an expansion step in
which the progenitor cells are cultured in an expansion medium before splitting the cells and then
culturing in a differentiation medium of the invention. For instance, there is provided a method for
culturing progenitor cells, wherein the method comprises (a) culturing one or more progenitor cells
in an expansion medium to obtain an expanded population of progenitor cells (preferably an
expansion organoid), (b) splitting the expanded population of progenitor cells or expansion
organoid to obtain split progenitor cells, and (c) culturing one or more of the split progenitor cells in
a differentiation medium to obtain an differentiated population of progenitor cells (preferably a
differentiation organoid). The differentiation medium used is preferably a differentiation medium of
the invention as described herein. The advantageous effects of splitting the culture prior to
differentiation are thought to be related to the fact that: it results in more complete removal of any
previous culture medium, e.g. an expansion medium; and/or, when epithelial organoids are cultured,
the splitting results in decreased organoid size prior to differentiation, which might result in better
access of cells to the differentiation factors in the differentiation medium. Therefore, in some
embodiments, a differentiation method of the invention further comprises the step of removal of any
previous culture medium, ¢.g. removal of the expansion medium prior to differentiation. This may
be achieved by splitting the culture and/or by any other method known in the art. In some
embodiments, there is a provided a method for culturing progenitor cells, wherein the method

comprises (a) culturing one or more progenitor cells in a first culture medium, ¢.g. an expansion
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medium, (b) removing the first culture medium, e.g. by splitting the cells, and (c) culturing the one
or more progenitor cells in a differentiation medium to obtain an differentiated population of

progenitor cells (preferably a differentiation organoid).

Any expansion medium suitable for epithelial cells can be used prior to differentiation. In a
preferred embodiment, the expansion medium used is any expansion medium described in WO

2010/090513, WO 2012/014076, WO 2012/168930 or WO 2015/173425.

Accordingly, there is also provided a differentiation medium comprising one or more Wnt inhibitors
(e.g. 1,2, 3,4, or more than 4), one or more receptor tyrosine kinase ligands (e.g. 1, 2, 3, 4, or more

than 4), a Notch inhibitor, a glucocorticoid and a TGF-beta inhibitor.

Accordingly, there is also provided a differentiation medium comprising one or more GSK-3
inhibitors (e.g. 1, 2, 3, 4, or more than 4), one or more receptor tyrosine kinase ligands (e.g. 1, 2, 3,
4, or more than 4), a Notch inhibitor, a glucocorticoid and a TGF-beta inhibitor. In some
embodiments, the culture medium further comprises a Wnt inhibitor that acts downstream of the

B-catenin destruction complex.

Accordingly, there is also provided a differentiation medium comprising one or more AP-1
stimulants (e.g. 1, 2, 3, 4, or more than 4), one or more receptor tyrosine kinase ligands (e.g. 1, 2, 3,
4, or more than 4), a Notch inhibitor, a glucocorticoid and a TGF-beta inhibitor. In some
embodiments, the one or more AP-1 stimulants comprise one or more muscarinic acetylcholine

receptor agonists.

In some embodiments, the differentiation medium comprises one or more GSK-3 inhibitors (e.g. 1,
2, 3, 4, or more than 4), one or more Wnt inhibitors (e.g. 1, 2, 3, 4, or more than 4) comprising a
Wnt inhibitor that acts downstream of the -catenin destruction complex, one or more AP-1
stimulants (e.g. 1, 2, 3, 4, or more than 4), one or more receptor tyrosine kinase ligands (e.g. 1, 2, 3,

4, or more than 4), a Notch inhibitor, a glucocorticoid and a TGF-beta inhibitor.

In some embodiments, the one or more GSK-3 inhibitors comprise CHIR99021. In some
embodiments, the one or more Wnt inhibitors comprise an inhibitor of Wnt secretion (e.g. IWP-2)
and an inhibitor of f-catenin target gene expression (e.g. an inhibitor of the B-catenin: TCF/Lef
transcription complex, such as iCRT3). In some embodiments, the one or more AP-1 stimulants
comprise one or more muscarinic acetylcholine receptor agonists, such as carbachol. In some
embodiments, the one or more receptor tyrosine kinase ligands comprise EGF, HGF and/or FGF
(e.g. FGF19). In some embodiments, the Notch inhibitor is DAPT. In some embodiments, the

glucocorticoid is dexamethasone. In some embodiments, the TGF-beta inhibitor is A83-01.
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In some embodiments, the differentiation medium further comprises a BMP pathway activator, such

as BMP7.
In some embodiments, the differentiation medium further comprises gastrin.

In some embodiments, the differentiation medium further comprises N-acetylcysteine. In some
embodiments, the differentiation medium further comprises B27, preferably, B27 without vitamin
A. In some embodiments, the differentiation medium further comprises N2. In some embodiments,
the differentiation medium further comprises a basal medium for animal or human cells is

Advanced DMEM/F12 (Gibco).

The invention therefore provides the use of a Wnt inhibitor, a GSK-3 inhibitor and/or an AP-1
stimulant for differentiating progenitor cells. In some embodiments, the progenitor cells (e.g.
epithelial stem cells) are from the liver, pancreas, intestine, stomach, prostate, breast, ovarian,
salivary gland, hair follicle, skin, oesophagus, ear, bladder or thyroid. In some embodiments, the
progenitor cells are from the liver or pancreas. In some embodiments, the epithelial cells are from

the liver.

The invention also provides a method for differentiating epithelial stem cells which uses a
differentiation medium as described in WO 2010/090513, WO 2012/014076, WO 2012/168930 or
WO 2015/173425 to which at least one (e.g. 1, 2, 3, 4, or more than 4) Wnt inhibitor, at least one
(e.g. 1,2, 3, 4, or more than 4) GSK-3 inhibitor, and/or at least one (¢.g. 1, 2, 3, 4, or more than 4)
AP-1 stimulant is added.

The various embodiments of the invention and their components are discussed below in detail. As
the skilled person will appreciate, any of these embodiments are technically compatible and their

components may be combined.
Wnht inhibitors

The Wnt signalling pathway when activated typically prevents -catenin degradation and enhances
B-catenin-mediated signalling. This pathway is defined by a series of events that occur when the
cell-surface Wnt receptor complex, comprising a Frizzled receptor and LRP5/6 is activated, usually
by an extracellular signalling molecule, such as a member of the Wnt family. This results in the
activation of Dishevelled family proteins which inhibit a destruction complex of proteins that
degrades intracellular f-catenin. The destruction complex is formed of structural components
including APC and axin, to which casein kinases CK1a, 6 and ¢ and GSK-3 are recruited. The
destruction complex is thought to phosphorylate B-catenin and to expose it to a ubiquitin ligase,

B-TrCP. Ubiquitination of the 3-catenin then results in its degradation in the proteasome.
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The main effector function of f-catenin is in the nucleus, where it regulates transcription through

interaction with various transcription factors, including the TCF/LEF family transcription factors

(e.g. Tct-1, Tef=3, Tcf-4 and LefT).

The Wat pathway is highly regulated. For instance, Wnt signalling is enhanced when Rspondin
binds to its receptors (Lgr4, LgrS and/or Lgr6). However, two transmembrane E3 ubiquitin ligases,
Rnf43 and Znrf3, have been shown to remove Rspondin receptors (e.g. Lgr4, Lgr5 and/or Lgr6)
from the cell surface (see, e.g., de Lau er al. 2016). Rspondins are vertebrate-specific
Wnt-enhancing agents. In addition, the binding of Dishevelled family proteins to the Frizzled
receptor can be inhibited by Dapper family proteins (e.g. Dapperl and Dapper3). Furthermore, the
activity of the destruction complex is thought to be partly regulated by the phosphorylation status of
APC, axin and GSK-3. For example, dephosphorylation of APC or axin by phosphatases (e.g.
serine/threonine phosphatases such as PP1, PP2C or PP2A) may inhibit B-catenin degradation. In
addition, phosphorylation of GSK-3 by kinases (e.g. p38 MAPK, PKA, PKB, PKC, p90RSK or
p70S6K) may inhibit GSK-3 activity and so inhibit 3-catenin degradation.

The stability of the destruction complex is thought to be partly regulated by two PARPs,
Tankyrases 1 and 2. Poly(ADP-ribosyl)ation of axin and auto-poly(ADP-ribosyl)ation by these

Tankyrases may promote deoligomerisation of the destruction complex.

In the nucleus, Dishevelled family proteins can form a complex with the histone deacetylase SIRT]1,

which supports the transcription of Wnt target genes.

A protein that is thought to be key to the secretion of Wnt is the multipass membrane protein

Porcupine (Porc), the loss of which results in Wnt accumulating in the endoplasmic reticulum.

The Wnt signalling pathway can be inhibited at many levels and Wnt inhibitors are reviewed in

detail in Voronkov and Krauss (2013) Current Pharmaceutical Design 19:634-664.

A Whnt inhibitor is defined as an agent that inhibits TCF/LEF-mediated transcription in a cell or in a

population of cells. Accordingly, Wnt inhibitors suitable for use in the invention include:
(1) inhibitors of Wnt secretion (e.g. inhibitors of Porc, such as LGK974, IWP-1 or IWP-2),

(2) competitive and non-competitive inhibitors of the interaction between Wnt or Rspondin and

their respective receptors (e.g. OMP-18R5, OMP54F28),

(3) factors that promote the degradation of components of the Wnt receptor complex, such as LRP
(e.g. niclosamide) and factors that promote the degradation of Rspondin receptors, such as Znrf3

and/or Rnf43 or factors that activate Znrf3 and/or Rnf43,
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(4) inhibitors of Dishevelled family proteins, such as inhibitors that reduce the binding of
Dishevelled family proteins to Frizzled receptors and/or components of the destruction complex
(e.g. Dapper family proteins, FJ9, sulindac, 3289-8625, J01-017a, NSC668036) or inhibitors that

downregulate the expression of Dishevelled family proteins (e.g. niclosamide),

(5) factors that promote destruction complex activity, including (a) inhibitors of phosphatases (e.g.
PP1, PP2A and/or PP2C) that dephosphorylate components of the destruction complex, such as axin
and/or APC (e.g. okadaic acid or tautomycin) and (b) inhibitors of kinases (e.g. p38 MAPK, PKA,
PKB, PKC, p90RSK or p70S6K) that phosphorylate GSK-3 (e.g. SB239063, SB203580 or
Rp-8-Br-cAMP),

(6) inhibitors of the deoligomerisation of the destruction complex, such as inhibitors of Tankyrases
1 and/or 2 (e.g. XAV939, IWRI1, IW74, JIWS55, 2-[4-(4-fluorophenyl)piperazin-1-yl]-6-
methylpyrimidin-4(3H)-one or PJ34), and

(7) inhibitors of B-catenin target gene expression, including inhibitors of the B-catenin: TCF/Lef
transcription complex, such as inhibitors that disrupt the B-catenin: TCF-4 complex (e.g. iCRTS3,
CGP049090, PKF118310, PKF115-584, ZTM000990, PNU-74654, BC21, iCRTS, iCRT14 or
FH535) and inhibitors of the histone deacetylase SIRT1 (e.g. cambinol).

The inventors have surprisingly found that the inclusion of a Wnt inhibitor in a differentiation
medium may enhance the differentiation of epithelial stem cells. For example, the inventors found
that inclusion of an inhibitor of Wnt secretion (IWP-2) in a differentiation medium increases the
expression of hepatocyte markers (e.g. albumin and cyp3A4) in liver organoids (see Figure 2D). In
contrast, they found that addition of Wnt to the differentiation medium resulted in a decrease in
albumin expression (see Figure 2C). This observation was especially surprising because the
inventors found that the absence of a Wnt agonist was not enough to achieve these advantageous
effects, active inhibition of the Wnt pathway was required. This was highly unexpected because

some cell types (e.g. Paneth cells) require autocrine Wnt pathway signalling in vivo for survival.

Accordingly, the differentiation medium of the invention preferably comprises a Wnt inhibitor. Any
suitable Wnt inhibitor may be used as described in (1)-(7) above. For instance, in one preferred
embodiment, the Wnt inhibitor is an inhibitor of Wnt secretion, such as a Porc inhibitor, ¢.g.
selected from IWP-2, IWP-1 and LGK974. In another preferred embodiment, the Wnt inhibitor is
an inhibitor of B-catenin target gene expression, for example, an inhibitor of the B-catenin: TCF/Lef
transcription complex or an inhibitor of the histone deacetylase SIRT1 (e.g. cambinol). In some

embodiments, the inhibitor of the B-catenin: TCF/Lef transcription complex is an inhibitor that
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disrupts the p-catenin:TCF-4 complex, for example an inhibitor selected from iCRT3, CGP049090,
PKF118310, PKF115-584, ZTM000990, PNU-74654, BC21, iCRT5, iCRT14 and FH535.

In some embodiments, the Wnt inhibitor is selected from IWP-2, OMP-18R5, OMP54F28,
LGK974, 3289-8625, FJ9, NSC 668036, IWR1 and XAV939.

In some embodiments, the Wnt inhibitor is selected from iCRT3, PFK115-584, CGP049090,
iCRT3, iCRTI14 and FH535.

In some embodiments, the Wnt inhibitor is one of the compounds listed in Table 1 below.

Table 1 — Wnt inhibitors

Structure Compound Target
f
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In some embodiments, a differentiation medium of the invention comprises one or more of any of

the Wnt inhibitors listed in table 1.

The Wnt inhibitor is preferably added to the media in an amount effective to inhibit a Wnt activity

in a cell by at least 10%, more preferred at least 20%, more preferred at least 30%, more preferred

at least 50%, more preferred at least 70%, more preferred at least 90%, more preferred 100%,

relative to a level of said Wnt activity in the absence of said molecule, as assessed in the same cell

type. As is known to a skilled person, Wnt activity can be determined by measuring the

transcriptional activity of Wnt, for example by pTOPFLASH and pFOPFLASH Tcf luciferase

reporter constructs (Korinek et al., 1997. Science 275:1784—1787). New Wnt inhibitors can

therefore easily be identified by a skilled person using an assay known in the art.

In some embodiments, the differentiation medium of the invention comprises a Wnt inhibitor at a

concentration of 0.01-150 pM, 0.1-150 uM, 0.5-100 pM, 0.1-100 uM, 0.5-50 uM, 1-100 uM or

10-80 puM, 1-20 uM or 1-5 pM.
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In some embodiments, the differentiation medium of the invention comprises IWP-2 at a
concentration of 0.01-150 pM, 0.1-100 uM, 0.5-50 uM, 1-20 uM or 1-5 uM. For example, in some
embodiments, the differentiation medium of the invention comprises IWP-2 at a concentration of

about 3 pM.

In some embodiments, the differentiation medium of the invention comprises iCRT3 at a
concentration of 0.05-150 uM, 0.1-150 uM, 0.5-100 uM, 1-100 uM or 10-80 uM. For example, in
some embodiments, the differentiation medium of the invention comprises iCRT3 at a
concentration of about 50 uM. In some embodiments, the differentiation medium of the invention
further comprises comprises IWP-2 at a concentration of 0.01-150 uM, 0.1-100 uM, 0.5-50 uM,
1-20 uM, 1-5 uM or about 3 uM. For example, in some embodiments, the differentiation medium of
the invention comprises iCRT3 at a concentration of about 50 uM and IWP-2 at a concentration of

about 3 uM.

In some embodiments, the differentiation medium does not comprise a Wnt agonist that binds and

activates the Wnt receptor complex including any and all of the Wnt family proteins and Rspondin.

GSK-3 inhibitor

As discussed above, the inventors surprisingly found that the inclusion of Wnt inhibitors in a
differentiation medium may enhance the differentiation of epithelial stem cells. Unexpectedly, the
inventors also found that the inclusion of a GSK-3 inhibitor (CHIR99021 in Example 1) also
improved the differentiation of epithelial stem cells. As explained above, GSK-3 is a component of
the B-catenin destruction complex. Inhibiting GSK-3 activity results in reduced destruction of
B-catenin, and so GSK-3 inhibitors are Wnt agonists. The enhanced differentiation elicited by the
inclusion of a GSK-3 inhibitor in the differentiation medium was greatly increased by the addition
of'a Wnt inhibitor (iCRT3) that inhibits TCF/LEF-mediated transcription downstream from the
destruction complex (see Figure 2E). Accordingly, the inventors found that there was a pronounced
improvement in the expression of hepatocyte markers (albumin and Cyp3A4) when both a Wnt
agonist (CHIR99021) and a Wnt inhibitor (iCRT3) are included in a differentiation medium.
Without wishing to be bound by any theory, the inventors believe that GSK-3 inhibitors both
stimulate and inhibit differentiation in epithelial stem cells (with the stimulation being stronger than
the inhibition). The inhibition of differentiation by GSK-3 inhibitors is thought to occur via the
promotion of B-catenin destruction. In contrast, the promotion of differentiation by GSK-3
inhibitors is thought to occur by a distinct effector mechanism. Accordingly, the inventors believe
that the inclusion of a Wnt inhibitor that inhibits TCF/LEF-mediated transcription downstream from
the destruction complex in the GSK-3 inhibitor-comprising differentiation medium counteracts the

differentiation-inhibiting effects of the GSK-3 inhibitor. Wnt inhibitors that act downstream of the
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destruction complex include Wnt inhibitors in class (7) mentioned above, i.e. inhibitors of B-catenin
target gene expression, including inhibitors of the B-catenin:TCF/Lef transcription complex, such as
inhibitors that disrupt the B-catenin: TCF-4 complex (e.g. iCRT3, CGP049090, PKF118310,
PKF115-584, ZTM000990, PNU-74654, BC21, iCRTS5, iCRT14 or FH535) and inhibitors of the
histone deacetylase SIRT1 (e.g. cambinol).

Thus, the differentiation-promoting effects of GSK-3 inhibitors remain unaffected and are added to

by the differentiation-promoting effects of the Wnt inhibitor.

Accordingly, in some embodiments, the differentiation medium of the invention comprises a GSK-3
inhibitor. Any suitable GSK-3 inhibitor may be used. A GSK-3 inhibitor is defined as being an
agent that reduces GSK-3 kinase activity.

Two different isoforms of GSK-3 are found in humans (GSK-30 and GSK-3f). Inhibitors are
known that inhibit one or both of these isoforms. Accordingly, in some embodiments, the GSK-3
inhibitor inhibits GSK-3¢ and GSK-3p. In some embodiments, the GSK-3 inhibitor inhibits
GSK-30 but does not inhibit GSK-3. In some embodiments, the GSK-3 inhibitor inhibits GSK-3f3
but does not inhibit GSK-3a.

In some embodiments, the differentiation medium comprises more than one GSK-3 inhibitor (e.g.

two, three, four, five or more GSK-3 inhibitors).
In some embodiments, the GSK-3 inhibitor is CHIR99021.

The GSK-3 inhibitor is preferably added to the media in an amount effective to inhibit a GSK-3
activity in a cell by at least 10%, more preferred at least 20%, more preferred at least 30%, more
preferred at least 50%, more preferred at least 70%, more preferred at least 90%, more preferred
100%, relative to a level of said GSK-3 activity in the absence of said molecule, as assessed in the
same cell type. As is known to a skilled person, GSK-3 activity can be measured by monitoring
phosphorylation of specific GSK-3 substrates, e.g. f-catenin (see, e.g., Cole ez al. (2008) Methods
Mol Biol. 468:45-65). New GSK-3 inhibitors can therefore easily be identified by a skilled person

using an assay known in the art.

In some embodiments, the GSK-3 inhibitor is selected from one or more of the following:
CHIR99201, 6-BIO, Dibromocantharelline, Hymenialdesine, Indirubins, Meridianins, CT98014,
CT98023, CT99021, TWS119, SB-216763, SB-41528, AR-A014418, AZD-1080, Alsterpaullone,
Cazpaullone, Kenpaullone, Aloisines, Manzamine A, Palinurine, Tricantine, TDZD-§, NP00111,

NP031115, Tideglusib, HMK-32 and L.803-mts.
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In some embodiments, the differentiation medium of the invention comprises a GSK-3 inhibitor at a
concentration of 0.001-500 puM, 0.01-150 uM, 0.1-100 pM, 1-100 uM, 0.5-50 uM, 1-50 uM, 1-20
uM or 1-5 uM.

In some embodiments, the differentiation medium of the invention comprises CHIR99021 at a
concentration of 0.01-150 uM, 0.1-100 puM, 1-100 uM, 0.5-50 uM, 1-50 uM, 1-20 uM or 1-5 uM.
For example, in some embodiments, the differentiation medium of the invention comprises

CHIR99021 at a concentration of about 3 pM.

In some embodiments, the differentiation medium of the invention comprises a GSK-3 inhibitor and
a Wnt inhibitor that acts downstream of the destruction complex such as inhibitors of 3-catenin
target gene expression as described earlier. For example, in some embodiments, differentiation
medium of the invention comprises a GSK-3 inhibitor and an inhibitor of B-catenin target gene
expression. Inhibitors of B-catenin target gene expression include inhibitors of the
B-catenin:TCF/Lef transcription complex, such as inhibitors that disrupt the p-catenin:TCF-4
complex (e.g. iICRT3, CGP049090, PKF118310, PKF115-584, ZTM000990, PNU-74654 or BC21)
and inhibitors of the histone deacetylase SIRT1 (e.g. cambinol).

Accordingly, in some embodiments, the differentiation medium of the invention comprises a GSK-3
inhibitor (e.g. at a concentration of 0.001-500 uM, 0.01-150 uM, 0.1-100 uM, 0.5-50 uM, 1-20 uM

or 1-5 uM) and an inhibitor of B-catenin target gene expression (e.g. at a concentration of 0.001-500
uM, 0.01-150 uM, 0.1-100 pM, 0.5-50 uM, 1-500 uM, 1-150 uM, 1-100 uM, 1-50 uM, 1-20 uM or
1-5 uM). In some embodiments, the inhibitor of B-catenin target gene expression is an inhibitor of

the B-catenin: TCF/Lef transcription complex.

Accordingly, in some embodiments, the differentiation medium of the invention comprises
CHIR99021 (e.g. at a concentration of 0.01-150 uM, 0.1-100 pM, 0.5-50 uM, 1-20 uM or 1-5 uM)
and iCRT3 (e.g. at a concentration of 0.05-150 uM, 0.1-150 uM, 1-150 uM, 0.5-100 uM, 1-100 uM
or 10-80 uM). For example, in some embodiments, the differentiation medium of the invention
comprises CHIR99021 at a concentration of about 3 uM and iCRT3 at a concentration of about 50
UM,

CHIRY99021 agonists

As explained above, the inventors unexpectedly found that inclusion of a Wnt agonist, CHIR99021,
in a differentiation medium promotes differentiation. Accordingly, in some embodiments, the
differentiation medium of the invention comprises CHIR99021 or a CHIR99021 agonist. A
CHIR99021 agonist is defined herein as being an agent that shares one or more biological activities

with CHIR99021.
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Accordingly, there is provided a method for differentiating progenior cells, wherein said method
comprises culturing one or more progenitor cells in a differentiation medium, the differentiation
medium comprising a basal medium and further comprising CHIR99021 or a CHIR99021 agonist,
and preferably one or more Wnt inhibitors that act downstream of the f-catenin destruction
complex (e.g. iCRT3). In a preferred embodiment, this differentiation medium further comprises
one or more, preferably all, of the components in the list: one or more receptor tyrosine kinase
ligands (e.g. EGF, HGF and/or FGF19), a Notch inhibitor (e.g. DAPT), a glucocorticoid (e.g.
dexamethasone), and a TGF-beta inhibitor (e.g. an ALKS, ALK4 or ALK 7 inhibitor, such as A83-
01). The differentiation medium optionally further comprises one or more, preferably all, of the
components in the list: a BMP pathway activator (¢.g. BMP7), gastrin, N-acetylcysteine, B27. In
some embodiments, the differentiation medium comprises a buffer (e.g. HEPES). In a preferred

embodiment, the basal medium for human or animal cells is Advanced DMEM/F12 (Gibco).

The invention also provides the use of CHIR99021 or a CHIR99021 agonist for differentiating

progenitor cells, e.g. liver epithelial stem cells.

AP-1 stimulants

The activating protein 1 (AP-1) complex is a transcription factor that is a heterodimer composed of
proteins belonging to the Fos protein family, Jun, ATF and JDP families. This transcription factor
regulates gene expression in response to a variety of stimuli including cytokines, growth factors,

stress and bacterial and viral infections.

The inventors unexpectedly observed that human liver organoids have a reduced expression of the
components of the AP-1 complex in comparison to primary hepatocytes. Based on this observation,
they hypothesised that stimulating AP-1 complex formation would promote differentiation of
epithelial stem cells in the liver organoids to a hepatocyte fate. The inventors found that including
an AP-1 stimulant, carbachol (2-[(Aminocarbonyl)oxy]-N,N,N-trimethylethanaminium chloride), in
a differentiation medium increased the expression of hepatocyte markers (including Cyp3A4 and

albumin).

The AP-1 stimulant tested by the inventors is a muscarinic acetylcholine receptor agonist. There are
five subtypes of muscarinic acetylcholine receptor (M1-Ms). These are G-protein-coupled receptors

that are found in the cell membranes of various cell types (e.g. neurones).

Accordingly, in some embodiments, the differentiation medium of the invention comprises an AP-1
stimulant. In some embodiments, the AP-1 stimulant is a muscarinic acetylcholine receptor agonist.

Any suitable muscarinic acetylcholine receptor agonist may be used. In some embodiments, the
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muscarinic acetylcholine receptor agonist is an Mz muscarinic acetylcholine receptor agonist (e.g.

acetylcholine, bethanechol, carbachol, oxotremorine or pilocarpine).

In some embodiments, the muscarinic acetylcholine receptor agonist is selected from one or more
of the following: acetylcholine, bethanecol, carbachol, oxotremorine, L-689,660 (1-
azabicyclo[2.2.2]octane, 3-(6-chloropyrazinyl)maleate), pilocarpine, muscarine, McN-A 343 (4-
[[[(3-Chlorophenyl)amino]carbonylJoxy]-N,N,N-trimethyl-2-butyn-1-aminium chloride),
77-LH-218-1 (1-[3-(4-Butyl-1-piperidinyl)propyl]-3,4-dihydro-2(1H)-quinolinone) and

methacholine.
In some embodiments, the muscarinic acetylcholine receptor agonist is carbachol.

In some embodiments the AP-1 stimulant (e.g. the muscarinic acetylcholine receptor agonist) 18
present in the differentiation medium of the invention at a concentration of 0.001-500 pM,

0.01-500 uM, 0.01-250 uM, 0.01-150 uM, 0.1-500 uM, 0.1-100 pM, 0.5-500 uM, 0.5-100 puM,
0.5-50 uM, 1-500 uM, 1-300 pM, 1-200 uM, 1-20 uM,1-5 uM, 10-300 uM, 50-300 uM, 50-200 uM
or 50-150 uM.

In some embodiments, the differentiation medium of the invention comprises carbachol at a
concentration of 0.001-500 uM, 0.001-300 uM, 0.01-500 uM, 0.01-300 uM, 0.1-500 uM, 0.1-300
uM, 1-500 puM, 10-500 puM, 100-500 pM, 1-300 uM, 10-300 pM, 50-300 uM, 50-200 pM or 50-150
uM. For example, in some embodiments, the differentiation medium of the invention comprises

carbachol at a concentration of 100 uM.

Muscarinic acetvicholine receptor agonists

As explained above, the inventors unexpectedly found that inclusion of a muscarinic acetylcholine
receptor agonist, carbachol, in a differentiation medium promotes differentiation. Accordingly, in
some embodiments, the differentiation medium of the invention comprises a muscarinic

acetylcholine receptor agonist.

Accordingly, there is provided a method for differentiating progenitor cells, wherein said method
comprises culturing one or more progenitor cells in a differentiation medium, the differentiation
medium comprising a basal medium and further comprising a muscarinic acetylcholine receptor
agonist, and preferably one or more Wnt inhibitors that act downstream of the f-catenin destruction
complex (e.g. iICRT3). In a preferred embodiment, this differentiation medium further comprises
one or more, preferably all, of the components in the list: one or more receptor tyrosine kinase
ligands (e.g. EGF, HGF and/or FGF19), a Notch inhibitor (e¢.g. DAPT), a glucocorticoid (e.g.
dexamethasone), and a TGF-beta inhibitor (e.g. an ALKS, ALK4 or ALK 7 inhibitor, such as

A83-01). The differentiation medium optionally further comprises one or more, preferably all, of
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the components in the list: a BMP pathway activator (c.g. BMP7), gastrin, N-acetylcysteine, B27.
In some embodiments, the differentiation medium of the invention comprises a buffer (c.g.

HEPES). In a preferred embodiment, the basal medium is Advanced DMEM/F12 (Gibco).

Any suitable muscarinic acetylcholine receptor agonist may be used. In some embodiments, the
muscarinic acetylcholine receptor agonist is an M3 muscarinic acetylcholine receptor agonist (e.g.

acetylcholine, bethanechol, carbachol, oxotremorine or pilocarpine).

In some embodiments, the muscarinic acetylcholine receptor agonist is selected from one or more
of the following: acetylcholine, bethanecol, carbachol, oxotremorine, L-689,660 (1-
azabicyclo[2.2.2]octane, 3-(6-chloropyrazinyl)maleate), pilocarpine, muscarine, McN-A 343 (4-
[[[(3-Chlorophenyl)amino]carbonylJoxy]-N,N,N-trimethyl-2-butyn-1-aminium chloride),
77-LH-218-1 (1-[3-(4-Butyl-1-piperidinyl)propyl]-3,4-dihydro-2(1H)-quinolinon¢) and

methacholine.
In some embodiments, the muscarinic acetylcholine receptor agonist is carbachol.

In some embodiments the AP-1 stimulant (e.g. the muscarinic acetylcholine receptor agonist) is
present in the differentiation medium of the invention at a concentration of 0.001-500 uM,

0.01-500 uM, 0.01-250 uM, 0.01-150 uM, 0.1-500 uM, 0.1-100 puM, 0.5-500 uM, 0.5-100 uM,
0.5-50 uM, 1-500 uM, 1-300 pM, 1-200 uM, 1-20 uM,1-5 uM, 10-300 uM, 50-300 uM, 50-200 uM
or 50-150 uM.

In some embodiments, the differentiation medium of the invention comprises carbachol at a
concentration of 0.001-500 puM, 0.001-300 uM, 0.01-500 uM, 0.01-300 uM, 0.1-500 pM, 0.1-300
uM, 1-500 uM, 10-500 pM, 100-500 pM, 1-300 uM, 10-300 uM, 50-300 uM, 50-200 uM or 50-150
uM. For example, in some embodiments, the differentiation medium of the invention comprises

carbachol at a concentration of 100 uM.

The invention also provides the use of a muscarinic acetylcholine receptor agonist for

differentiating epithelial cells, e.g. liver progenitor or stem cells.

Carbachol agonist

As explained above, the inventors unexpectedly found that inclusion of a muscarinic acetylcholine
receptor agonist, carbachol, in a differentiation medium promotes differentiation. Accordingly, in
some embodiments, the differentiation medium of the invention comprises carbachol or a carbachol
agonist. A carbachol agonist is defined herein as being an agent that shares one or more biological

activities with carbachol.
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Accordingly, there is provided a method for differentiating epithelial cells, wherein said method
comprises culturing one or more epithelial cells in contact with an extracellular matrix in the
presence of a differentiation medium, the differentiation medium comprising a basal medium for
animal or human cells and further comprises carbachol or a carbachol agonist, and preferably one or
more Wnt inhibitors that act downstream of the -catenin destruction complex (e.g. iCRT3).In a
preferred embodiment, this differentiation medium further comprises one or more, preferably all, of
the components in the list: one or more receptor tyrosine kinase ligands (e.g. EGF, HGF and/or
FGF19), a Notch inhibitor (e.g. DAPT), a glucocorticoid (e.g. dexamethasone), and a TGF-beta
inhibitor (e.g. an ALKS, ALK4 or ALK 7 inhibitor, such as A83-01). The differentiation medium
optionally further comprises one or more, preferably all, of the components in the list: a BMP
pathway activator (e.g. BMP7), gastrin, N-acetylcysteine, B27. In some embodiments, the
differentiation medium comprises a buffer (e.g. HEPES). In a preferred embodiment, the basal

medium is Advanced DMEM/F12 (Gibco).

The invention also provides the use of carbachol or a carbachol agonist for differentiating

progenitor cells, e.g. liver epithelial stem cells.

Receptor tyrosine Kinase licands

Receptor tyrosine kinases (RTKs) are high-affinity cell surface receptors for polypeptide growth
factors, cytokines, and hormones. RTKs are key regulators of cell maintenance, growth and
development, and also to have a critical role in the development and progression of many types of
cancer. A differentiation medium of the invention preferably comprises one or more receptor
tyrosine kinase ligand. In the context of the invention, a receptor tyrosine kinase ligand is any
ligand that activates an RTK. Many receptor tyrosine kinase ligands are mitogenic growth factors.
Thus in some embodiments, the one or more receptor tyrosine kinase ligands in the differentiation

medium comprises one or more mitogenic growth factor.

There are approximately 20 different known classes of RTKs, including RTK class I (EGF receptor
family) (ErbB family), RTK class II (Insulin receptor family), RTK class III (PDGF receptor
family), RTK class IV (FGF receptor family), RTK class V (VEGF receptors family), RTK class VI
(HGF receptor family), RTK class VII (Trk receptor family), RTK class VIII (Eph receptor family),
RTK class IX (AXL receptor family), RTK class X (LTK receptor family), RTK class XI (TIE
receptor family), RTK class XII (ROR receptor family), RTK class XIII (DDR receptor family),
RTK class XIV (RET receptor family), RTK class XV (KLG receptor family), RTK class XVI
(RYK receptor family), RTK class XVII (MuSK receptor family). In some embodiments, the one or
more receptor tyrosine kinase ligands comprises ligands for one or more, or all of these 20 classes

of RTKSs. In a preferred embodiment, the one or more receptor tyrosine kinase ligands comprises
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one or more, or all, of a ligand for RTK class I (EGF receptor family) (ErbB family), a ligand for
RTK class IV (FGF receptor family), and a ligand for RTK class VI (HGF receptor family). For
instance, in some embodiments, the one or more receptor tyrosine kinase ligands comprises a ligand
for RTK class I (EGF receptor family) (ErbB family). In some embodiments, the one or more
receptor tyrosine kinase ligands comprises a ligand for RTK class IV (FGF receptor family). In
some embodiments, the one or more receptor tyrosine kinase ligands comprises a ligand for RTK

class VI (HGF receptor family).

Thus, in some embodiments, the one or more receptor tyrosine kinase ligands in the differentiation
medium are selected from the group consisting of epidermal growth factor (EGF), fibroblast growth
factor (FGF) and hepatocyte growth factor (HGF). In some embodiment, the one or more receptor
tyrosine kinase ligands comprises EGF and FGF. In some embodiments, the one or more receptor
tyrosine kinase ligands comprises EGF and HGF. In some embodiments, the one or more receptor
tyrosine kinase ligands comprises FGF and HGF. In a preferred embodiment, the one or more
receptor tyrosine kinase ligands comprises EGF, FGF and HGF. In some embodiments, only one
receptor tyrosine kinase ligand is included in the differentiation medium, for example, wherein the

receptor tyrosine kinase is selected from FGF, HGF and EGF.
The FGF is preferably an FGF able to bind to FGFR2 or FGFR4 and is preferably FGF19.

Three or more, for example, 3, 4, 5 or more receptor tyrosine kinase ligands may be used in the

differentiation media of the invention.
EGF

EGF is a potent mitogenic growth factor for a variety of cultured ectodermal and mesodermal cells
and has a profound effect on the differentiation of specific cells in vivo and ir vitro and of some
fibroblasts in cell culture. The EGF precursor exists as a membrane-bound molecule which is

proteolytically cleaved to generate the 53-amino acid peptide hormone that stimulates cells.

Any suitable EGF may be used, for example, EGF obtained from Peprotech. In some embodiments

the EGF is human EGF.

EGF is preferably present in the differentiation medium of the invention at a concentration of
0.01-500 ng/ml, 0.1-250 ng/ml, 1-200 ng/ml, 1-100 ng/ml, 10-90 ng/ml or 25-75 ng/ml. A preferred
concentration is at least 10, 20, 25, 30, 40, 45, or 50 ng/ml and not higher than 500, 450, 400, 350,
300, 250, 200, 150, or 100 ng/ml. For example, in some embodiments, EGF is added to the basal
culture medium at a concentration of about 1-100 ng/ml. In some embodiments, EGF is added to the

basal culture medium at a concentration of about 50 ng/ml.
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FGF

FGF family members possess broad mitogenic and cell survival activities, and are involved in a
variety of biological processes, including embryonic development, cell growth, morphogenesis,
tissue repair, tumor growth and invasion. FGFs stimulate cells by interacting with cell surface
tyrosine kinase receptors (FGFR). Four closely related receptors (FGFR1-FGFR4) have been
identified. FGFR1-FGFR3 genes have been shown to encode multiple isoforms, and these isoforms
can be critical in determining ligand specificity. In some embodiments, the FGF is any one of

FGFI-10.

Most FGFs bind more than one receptor (Ornitz J Biol Chem. 1998 Feb 27,273 (9):5349-57). In
some embodiments, the FGF is an FGF able to bind to FGFR2 and/or FGFR4. In some
embodiments, the FGF is an FGF able to bind FGFR4, such as FGF19. For example, in a preferred

embodiment, FGF19 is included in the differentiation medium as a receptor tyrosine kinase ligand.

In some embodiments, no more than one FGF is used. In other embodiments, two or more FGF are
used, e.g. 2, 3 or more. In some embodiments, FGF is substituted with a compound that activates
the FGFR2 or FGFR4 pathway (a “FGF-pathway activator”). In some embodiments, FGF is
substituted with an alternative compound that activates a FGFR. Accordingly, in some

embodiments, FGF is substituted with an FGFR agonist.

FGF is preferably added to the basal culture medium at a concentration of 0.1-500 ng/ml, 0.1-250
ng/ml, 1-200 ng/ml, 10-200 ng/ml or 20-150 ng/ml. For example, in some embodiments, FGF is

added to the basal culture medium at a concentration of about 100 ng/ml.

In preparing the differentiation medium, FGF19 is preferably added to the basal culture medium at a
concentration of 0.1-500 ng/ml, 0.1-250 ng/ml, 1-200 ng/ml, 10-200 ng/ml or 20-150 ng/ml.
Preferred concentrations for FGF19 are about 20, 50, 100, 250, 500 ng/ml, not higher than
500ng/ml. For example, in some embodiments, FGF19 is added to the basal culture medium at a

concentration of about 100 ng/ml.
HGF

Hepatocyte growth factor/scatter factor (HGF/SF) is a morphogenic factor that regulates cell
growth, cell motility, and morphogenesis by activating a tyrosine kinase signaling cascade after
binding to the proto-oncogenic c-Met receptor. Any suitable HGF may be used, for example, HGF
obtained from Peprotech. In some embodiments, HGF is substituted with a compound that activates
the HGF receptor. Accordingly, in some embodiments, HGF is substituted with an HGR receptor

agonist.
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HGF is preferably added to the basal culture medium at a concentration of 0.01-500 ng/ml, 0.1-250
ng/ml, 1-200 ng/ml, 1-100 ng/ml, 10-90 ng/ml or 25-75 ng/ml. Preferred concentrations for HGF
are about 1, 10, 20, 25, 50 ng/ml, not higher than 50 ng/ml. For example, in some embodiments,

HGF is added to a basal culture medium at a concentration of about 25 ng/ml.

Notch inhibitor

Notch is a transmembrane surface receptor that can be activated through multiple proteolytic
cleavages, one of them being cleavage by a complex of proteins with protease activity, termed
gamma-sccretase. Gamma-secretase is a protease that performs its cleavage activity within the
membrane. Gamma-secretase is a multicomponent enzyme and is composed of at least four
different proteins, namely, presenilins (presenilin 1 or 2), nicastrin, PEN-2 and APH-I. Presenilin is
the catalytic centre of gamma-secretase. On ligand binding the Notch receptor undergoes a
conformational change that allows ectodomain shedding through the action of an ADAM protease
which is a metalloprotease. This is followed immediately by the action of the gamma-secretase
complex which results in the release of the Notch intracellular domain (NICD). NICD translocates
to the nucleus where it interacts with CSL (C-promoter-binding factor/recombinant signal-sequence
binding protein Jk/Supressor-of- Hairless/Lagl). The binding of NICD converts CSL from a

transcriptional repressor to an activator which results in the expression of Notch target genes.

The Notch signalling pathway has previously been implicated in biliary cell fate in vivo. For
example, deletion of Rbpj (essential to achieve active Notch signalling) results in abnormal
tubulogenesis (Zong Y. Development 2009). In addition, it has previously been shown that
inclusion of a Notch inhibitor in a differentiation medium can inhibit biliary duct cell-fate and
trigger the differentiation of the cells towards a more hepatocytic phenotype (see

WO 2012/168930). In particular, inclusion of a Notch inhibitor (such as DAPT) in a differentiation
medium was found to enhance the expression of mature hepatocyte markers and increase the

number of hepatocyte-like cells.

Accordingly, preferably, the differentiation medium comprises a Notch inhibitor. Any suitable

Notch inhibitor may be used.

In some embodiments, the Notch inhibitor is an inhibitor capable of diminishing ligand mediated
activation of Notch (for example via a dominant negative ligand of Notch or via a dominant
negative Notch or via an antibody capable of at least in part blocking the interacting between a

Notch ligand and Notch), or an inhibitor of ADAM proteases.
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In some embodiments the Notch inhibitor is a gamma-secretase inhibitor, for example DAPT,
dibenzazepine (DBZ), benzodiazepine (BZ) or LY-411575. One or more Notch inhibitors may be

used, for example, 2, 3, 4 or more.

In some embodiments, the Notch inhibitor (e.g. DAPT) is used at a concentration of 0.001-200 uM,
0.01-100 uM, 0.1-50 uM, 0.1-20 uM, 1-100 uM, 1-50 uM, 1-30 uM, 5-100 uM, 5-50 uM or 5-20
uM. For example, in some embodiments, the differentiation medium comprises DAPT at a

concentration of about 10 pM.

Glucocorticoid

Glucocorticoids are a class of corticosteroids, which are a class of steroid hormones.
Glucocorticoids are corticosteroids that bind to the glucocorticoid receptor. Cortisol is the most
important human glucocorticoid. Hydrocortisone is the synthetic version of cortisol. Many other
synthetic glucocorticoids with related structures exist (e.g. prednisone, prednisolone,
methylprednisolone, dexamethasone, betamethasone, triamcinolone, beclomethasone and
fludrocortisone acetate). Glucocorticoids have varying potency for activating a glucocorticoid
receptor. This is called the glucocorticoid potency and is usually measured in comparison to
cortisol. The biochemistry, pharmacology and mechanism of action of various glucocorticoids are
reviewed in, for example, Cecil Textbook of Medicine (1988), pages 128-130, and The Science and
Practice of Pharmacy 20th Edition (2000), pages 1363-1370.

Preferably, the differentiation medium comprises a glucocorticoid. Any suitable glucocorticoid may
be used. In some embodiments, the glucocorticoid is selected from one or more of the following:
cortisol, cortisone, hydrocortisone acetate, hydrocortisone hydrochloride, hydrocortisone valerate,
prednisone, prednisolone, methylprednisolone, dexamethasone, betamethasone, betamethasone
dipropionate, betamethasone valerate, triamcinolone, triamcinolone acetonide, beclomethasone,
beclomethasone dipropionate, fludrocortisone, fludrocortisone acetate, fluticasone, fluticasone
acetonide, fluticasone propionate, flunisolide, budesonide, clobetasol, clobetasol propionate,
difluorasone, difluorasone diacetate, halobetasol, halobetasol propionate, amcinonide,
desoximetasone, fluocinonide, fluocinonide acetonide, halcinonide, mometasone , mometasone
furoate, fluandrenolide, prednicarbate, aclometasone, aclometasone dipropionate, desonide,

flucinolone, flucinolone acetonide, pramoxine and pramoxine hydrochloride.

Dexamethasone is one of the most potent glucocorticoids and is a preferred glucocorticoid for use
in the differentiation medium of the invention. In some embodiments, the glucocorticoid is any

glucocorticoid with the same or higher glucocorticoid potency than dexamethasone.
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Betamethasone and fludrocortisone acetate are also highly potent glucocorticoids. Accordingly,
betamethasone is a preferred glucocorticoid for use in the differentiation medium of the invention.
In some embodiments, the glucocorticoid is any glucocorticoid with the same or higher
glucocorticoid potency than betamethasone. Accordingly, fludrocortisone acetate is a preferred
glucocorticoid for use in the differentiation medium of the invention. In some embodiments, the
glucocorticoid is any glucocorticoid with the same or higher glucocorticoid potency than

fludrocortisone acetate.

In some embodiments, the glucocorticoid is any glucocorticoid with the same or higher

glucocorticoid potency than cortisol.

A list of exemplary glucocorticoids for use in the differentiation medium of the invention is

provided below. The potency presented refers to oral dosing.

Glucocorticoid Glucocorticoid potency
Cortisol (hydrocortisone) 1
Cortisone 0.8
Prednisone 3.5-5
Prednisolone 4
Methylprednisolone 5-7.5
Dexamethasone 25-80
Betamethasone 25-30
Triamcinolone 5
Fludrocortisone acetate 15

In some embodiments, the glucocorticoid (e.g. dexamethasone) is used at a concentration of
0.01-150 uM, 0.1-15 uM, 0.5-10 uM or 1-5 uM. In a preferred embodiment, the glucocorticoid is
dexamethasone. For example, in some embodiments, the differentiation medium comprises

dexamethasone at a concentration of about 3 uM.

TGF-beta inhibitor

TGF-beta signalling is involved in many cellular functions, including cell growth, cell fate and

apoptosis. Signalling typically begins with binding of a TGF-beta superfamily ligand to a type 11
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receptor which recruits and phosphorylates a type I receptor. The type I receptor then
phosphorylates SMADs, which act as transcription factors in the nucleus and regulate target gene

expression.

The TGF-beta inhibitor signalling pathway has previously been implicated in biliary cell fate in
vivo. For example, the addition of TGF-beta to liver explants facilitates the biliary differentiation irn
vitro (Clotman et al. (2005) Genes Dev. 19(16):1849-54). In addition, it has previously been shown
that inclusion of a TGF-beta inhibitor in a differentiation medium can inhibit biliary duct cell-fate
and trigger the differentiation of the cells towards a more hepatocytic phenotype (see

WO 2012/168930). In particular, inclusion of a TGF-beta inhibitor (such as A83-01) in a
differentiation medium was found to enhance the expression of mature hepatocyte markers and

increase the number of hepatocyte-like cells.

Accordingly, the differentiation medium of the invention preferably comprises a TGF-beta

inhibitor.

The TGF-beta superfamily ligands comprise bone morphogenic proteins (BMPs), growth and
differentiation factors (GDFs), anti-miillerian hormone (AMH), activin, nodal and TGF-betas. In
general, Smad2 and Smad3 are phosphorylated by the ALK4, 5 and 7 receptors in the
TGF-beta/activin pathway. By contrast, Smad1, Smad5 and Smad8 are phosphorylated as part of
the bone morphogenetic protein (BMP) pathway. Although there is some cross-over between
pathways, in the context of this invention, a “TGF-beta inhibitor” or an “inhibitor of TGF-beta
signalling” is preferably an inhibitor of the TGF-beta pathway which acts via Smad2 and Smad3
and/or via ALK4, ALKS5 or ALK7. Therefore, in some embodiments the TGF-beta inhibitor is not a
BMP inhibitor, i.e. the TGF-beta inhibitor is not Noggin. In some embodiments, a BMP inhibitor is
added to the culture medium in addition to the TGF-beta inhibitor. Thus the TGF-beta inhibitor may
be any agent that reduces the activity of the TGF-beta signalling pathway, preferably the signalling
pathway that acts via Smad2 and/or Smad3, more preferably the signalling pathway that acts via
ALK4, ALKS5 or ALK7.

There are many ways of disrupting the TGF-beta signaling pathway that are known in the art and
that can be used in conjunction with this invention. For example, the TGF-beta signaling may be
disrupted by: inhibition of TGF-beta expression by a small-interfering RNA strategy; inhibition of
furin (a TGF-beta activating protease); inhibition of the pathway by physiological inhibitors;
ncutralisation of TGF-beta with a monoclonal antibody; inhibition with small-molecule inhibitors of
TGF-beta receptor kinase 1 (also known as activin receptor-like kinase, ALKS5), ALK4, ALKS6,
ALKY7 or other TGF-beta-related receptor kinases; inhibition of Smad 2 and Smad 3 signaling e.g.

by overexpression of their physiological inhibitor, Smad 7, or by using thioredoxin as an Smad
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anchor disabling Smad from activation (Fuchs, O. Inhibition of TGF- Signaling for the Treatment
of Tumor Metastasis and Fibrotic Diseases. Current Signal Transduction Therapy, Volume

6, Number 1, January 2011, pp. 29-43(15)).

Various methods for determining if a substance is a TGF-beta inhibitor are known and might be
used in conjunction with the invention. For example, a cellular assay may be used in which cells are
stably transfected with a reporter construct comprising the human PAI-1 promoter or Smad binding
sites, driving a luciferase reporter gene. Inhibition of luciferase activity relative to control groups
can be used as a measure of compound activity (De Gouville ef al., Br J Pharmacol. 2005 May;
145(2): 166—-177). New TGF-beta inhibitors can therefore be easily identified by the skilled person
in the art.

A TGF-beta inhibitor according to the present invention may be a protein, peptide, small-molecules,
small-interfering RNA, antisense oligonucleotide, aptamer or antibody. The inhibitor may be
naturally occurring or synthetic. In one embodiment, the TGF-beta inhibitor is an inhibitor of
ALK4, ALKS and/or ALK7. For example, the TGF-beta inhibitor may bind to and directly inhibit
ALK4, ALKS and/or ALK7. Examples of preferred small-molecule TGF-beta inhibitors that can be
used in the context of this invention include but are not limited to the small molecule inhibitors

listed in table 2 below.

Table 2: Small-molecule TGF-beta inhibitors targeting receptor kinases

A83-01 ALKS (TGF- 12 421.52 | 3-(6-Methyl-2-pyridinyl)-N-phenyl- C25H19NSS
BR1) 4-(4-quinolinyl)- 1H-pyrazole-1-
ALK4 45 carbothioamide
ALK7 7.5

SB-431542 | ALKS 94 384.39 4-[4-(1,3-benzodioxol-5-yI)-5-(2- C22H16N403
ALKA4 pyridinyl)-1H-imidazol-2-

yl]benzamide

ALK7

SB-505124 | ALKS 47 335.4 2-(5-benzo[1,3]dioxol-5-yl-2-tert- C20H21N302
ALKA4 129 butyl-3Himidazol-

4-y1)-6-methylpyridine

hydrochloride hydrate
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SB-525334 | ALKS 14.3 343.42 6-[2-(1,1-Dimethylethyl)-5-(6- C21H21INS
methyl-2-pyridinyl)-1H-imidazol-4-
yl]quinoxaline
SD-208 ALKS 49 352.75 | 2-(5-Chloro-2-fluorophenyl)-4-[(4- | C17H10CIFN6

pyridyl)amino]pteridine

LY-36494 | TGR-BRI 59 272.31 | 4-[3-(2-Pyridinyl)-1H-pyrazol-4-yl]- C17H12N4
TGF-BRII 400 quinoline
MLK-7K 1400

SJN-2511 ALKS 23 287.32 2-(3-(6-Methylpyridine-2-yl)-1H- C17HI3NS

pyrazol-4-yl)-1,5-naphthyridine

In some embodiments, the TGF-beta inhibitor is a small molecule inhibitor optionally selected from
the group consisting of: A83-01, SB-431542, SB-505124, SB-525334, LY 364947, SD-208 and
SIN 2511.

In some embodiments, no more than one TGF beta inhibitor is present in the differentiation
medium. In other embodiments, more than one TGF beta inhibitor is present in the differentiation
medium, e.g. 2, 3, 4 or more. In some embodiments, a differentiation medium of the invention
comprises one or more of any of the inhibitors listed in table 2. A differentiation medium may
comprise any combination of one inhibitor with another inhibitor listed. For example, a medium
may comprise SB-525334 or SD-208 or A83-01; or SD-208 and A83-01. The skilled person will
appreciate that a number of other small-molecule inhibitors exist that are primarily designed to
target other kinases, but at high concentrations may also inhibit TGF-beta receptor kinases. For
example, SB-203580 is a p38 MAP kinase inhibitor that, at high concentrations (for example,
approximate 10 uM or more) is thought to inhibit ALKS. Any such inhibitor that inhibits the TGF-

beta signalling pathway can also be used in the context of this invention.

In some embodiments, the TGF-beta inhibitor (e.g. A83-01) is present in the differentiation medium
at at least 1 nM, for example, at least 5 nM, at least 50nM, at least 100 nM, at least 300 nM, at least
450 nM or at least 475 nM. For example, the TGF-beta inhibitor (e.g. A83-01) is present in the
differentiation medium at 1 nM-200 uM, 10 nM-200 pM, 100 nM-200 uM, 1 uM-200 pM, 10 nM-
100 uM, 50 nM-100 pM, 50 nM-10 pM, 100 nM-1 puM, 200 nM-800 nM, 350-650 nM or at about
500 nM. Accordingly, in some embodiments, the differentiation medium comprises A83-01 at a

concentration of about 500 nM.
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BMP pathwav activator

In some embodiments, the differentiation medium comprises a BMP pathway activator. In some
embodiments, the BMP pathway activator is selected from BMP7, BMP4 and BMP2. BMP7 is
preferred. BMP7 induces the phosphorylation of SMAD1 and SMADS. Thus in some embodiments,
the BMP pathway activator is any compound that is capable of inducing the phosphorylation of
SMADI1 and SMADS. In addition, where BMP7 is mentioned, any compound that induces the
phosphorylation of SMAD1 or SMADS can be used instead of BMP7.

In some embodiments, the BMP pathway activator, such as BMP7 is present in the differentiation
medium at at least 0.01 ng.ml, at least 0.1 ng/ml, at least 1 ng/ml, at least 10 ng/ml, at least 20
ng/ml, at least 25 ng/ml. In some embodiments, the BMP pathway activator, such as BMP7 is
present in the differentiation medium from about 0.01 ng/ml to about 500 ng/ml, from about 1
ng/ml to about 500 ng/ml, from about 10 ng/ml to about 500 ng/ml, from about 20 ng/ml to about
500 ng/ml. In some embodiments, the BMP pathway activator, such as BMP7, is present in the
differentiation medium from about 0.01 ng/ml to about 200 ng/ml, from about 0.1 ng/ml to about
100 ng/ml, from about 1 ng/ml to about 100 ng/ml, from about 10 ng/ml to about 100 ng/ml, from
about 10 ng/ml to about 50 ng/ml, from about 15 ng/ml to about 30 ng/ml. In some embodiments,
the BMP pathway activator, such as BMP7 is present in the differentiation medium at about 25
ng/ml.

In some embodiments, the differentiation medium does not comprise a BMP pathway activator.

Additional components

In some embodiments, the differentiation medium of the invention comprises gastrin. In some
embodiments, the differentiation medium of the invention comprises gastrin at a concentration of
0.01-500 nM, 0.1-100 nM, 1-100 nM, 1-20 nM or 5-15 nM. For example, in some embodiments,

the differentiation medium of the invention comprises gastrin at a concentration of about 10 nM.

The differentiation medium of the invention is preferably supplemented with one or more (e.g. 1, 2,
3 or all) of the compounds selected from the group consisting of B27, N-acetylcysteine and N2.
Thus in some embodiments the differentiation medium further comprises one or more components
selected from the group consisting of: B27, N2 and N-Acetylcysteine. For example, in some

embodiments, the differentiation medium further comprises B27, N-Acetylcysteine and N2.

B27 (Invitrogen), N-Acetylcysteine (Sigma) and N2 (Invitrogen), and Nicotinamide (Sigma) are
believed to control proliferation of the cells and assist with DNA stability.

In some embodiments, N-Acetylcysteine is present in the differentiation medium at a concentration

0f0.1-200 mM, 0.1-100 mM, 0.1-50 mM, 0.1-10 mM, 0.1-5 mM, 0.5-200 mM, 0.5-100 mM, 0.5-
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50 mM, 0.5-10 mM, 0.5-5 mM, 1-100mM, 1-50 mM, 1-10 mM, 1-5 mM. In some embodiments, N-

Acetylcysteine is present in the differentiation medium at a concentration of about 1.25 mM.

In some embodiments, the B27 supplement is ‘B27 Supplement minus Vitamin A’ (also referred to
herein as “B27 without Vitamin A” or “B27 wo VitA”; available from Invitrogen, Carlsbad, CA;
www.invitrogen.com; currently catalog no. 12587010; and from PAA Laboratories GmbH,
Pasching, Austria; www.paa.com; catalog no. F01-002; Brewer ef al., J Neurosci Res., 35(5):567-
76, 1993). In some embodiments, the B27 supplement can be replaced with a generic formulation
that comprises one or more of the components selected from the list: biotin, cholesterol, linoleic
acid, linolenic acid, progesterone, putrescine, retinyl acetate, sodium selenite, tri-iodothyronine

(T3), DL-alpha tocopherol (vitamin E), albumin, insulin and transferrin.

The B27 Supplement supplied by PAA Laboratorics GmbH comes as a liquid 50x concentrate,
containing amongst other ingredients biotin, cholesterol, linoleic acid, linolenic acid, progesterone,
putrescine, retinol, retinyl acetate, sodium selenite, tri-iodothyronine (T3), DL-alpha tocopherol
(vitamin E), albumin, insulin and transferrin. Of these ingredients at least linolenic acid, retinol,
retinyl acetate and tri-iodothyronine (T3) are nuclear hormone receptor agonists. B27 Supplement
may be added to a differentiation medium as a concentrate or diluted before addition to a
differentiation medium. It may be used at a 1x final concentration or at other final concentrations
(e.g. 0.1x to 4x concentration, 0.1x to 2x concentration, 0.5x to 2x concentration, 1x to 4x
concentration, or 1x to 2x concentration). Use of B27 Supplement is a convenient way to
incorporate biotin, cholesterol, linoleic acid, linolenic acid, progesterone, putrescine, retinol, retinyl
acetate, sodium selenite, tri-iodothyronine (T3), DL-alpha tocopherol (vitamin E), albumin, insulin
and transferrin into a differentiation medium of the invention. It is also envisaged that some or all of
these components may be added separately to the differentiation medium instead of using the B27

Supplement. Thus, the differentiation medium may comprise some or all of these components.

In some embodiments, retinoic acid is absent from the B27 Supplement used in the differentiation

medium, and/or 1s absent from the differentiation medium.

‘N2 Supplement’ (also referred to herein as “N27) is available from Invitrogen, Carlsbad, CA;
www.invitrogen.com; catalog no. 17502-048; and from PAA Laboratorics GmbH, Pasching,
Austria; www.paa.com; catalog no. F005-004; Bottenstein & Sato, PNAS, 76(1):514-517, 1979.
The N2 Supplement supplied by PAA Laboratories GmbH comes as a 100x liquid concentrate,
containing 500ug/ml human transferrin, 500pg/ml bovine insulin, 0.63ug/ml progesterone,
1611ug/ml putrescine, and 0.52ug/ml sodium selenite. N2 Supplement may be added to a
differentiation medium as a concentrate or diluted before addition to a differentiation medium. It

may be used at a 1x final concentration or at other final concentrations (e.g. 0.1x to 4x
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concentration, 0.1x to 2x concentration, 0.5x to 2x concentration, 1x to 4x concentration, or 1x to
2x concentration). Use of N2 Supplement is a convenient way to incorporate transferrin, insulin,
progesterone, putrescine and sodium selenite into a differentiation medium of the invention. It is of
course also envisaged that some or all of these components may be added separately to the
differentiation medium instead of using the N2 Supplement. Thus, the differentiation medium may

comprise some or all of these components.

In some embodiments in which the medium comprises B27, it does not also comprise N2. The
embodiments of the present invention can therefore be adapted to exclude N2 when B27 is present,
if desired.

In some embodiments N2 is not present in the differentiation medium.

In some embodiments in which the medium comprises N2, it does not also comprise B27. The
embodiments of the present invention can therefore be adapted to exclude B27 when N2 is present,

if desired.
In some embodiments B27 is not present in the differentiation medium.
In some embodiments the differentiation medium is supplemented with B27 and/or N2.

In some embodiments, the basal medium is supplemented with 150ng/ml to 250 ng/ml
N-Acetylcysteine; preferably, the basal medium is supplemented with about 200ng/ml
N-Acetylcysteine.

Any suitable pH may be used. For example, the pH of the medium may be in the range from about
7.0 to 7.8, in the range from about 7.2 to 7.6, or about 7.4. The pH may be maintained using a
buffer. A suitable buffer can readily be selected by the skilled person. Buffers that may be used
include carbonate buffers (e.g. NaHCO3), and phosphates (e.g. NaH2POy4). These buffers are
generally used at about 50 to about 500 mg/l. Other buffers such as N-[2-hydroxyethyl]-piperazine-
N'-[2-ethanesul-phonic acid] (HEPES) and 3-[N-morpholino]-propanesulfonic acid (MOPS) may
also be used, normally at around 1000 to around 10,000 mg/l. In some embodiments, the buffer is
selected from one or more of the list: phosphate buffer (e.g. KH2PO4, K:2HPO4, Na;HPO4, NaCl,
NaH2POy) acetate buffer (e.g. HOAc or NaOAc), citrate buffer (e.g. Citric acid or Na-citrate), or a
TRIS buffer (e.g. TRIS, TRIS-HCI) or an organic buffer. In some embodiments, the organic buffer
is a zwitterionic buffer, such as a Good’s buffer, e.g. selected from HEPES, MOPS, MES, ADA,
PIPES, ACES, MOPSO, Cholamine Chloride, BES, TES, DIPSO, acetamindoglycine, TAPSO,
POPSO, HEPPSO, HEPPS, Tricine, Glycinamide, Bicine, TAPS, AMPSO, CABS, CHES, CAPS
and CAPSO. A preferred buffer is HEPES, e.g. at a concentration of 0.1-100 mM, 0.1-50 mM, 0.5-
50 mM, 1-50 mM, 1-20 mM. or 5-15 mM. In some embodiments, HEPES is added to the culture
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medium at about 10 mM. A differentiation medium may also comprise a pH indicator, such as

phenol red, to enable the pH status of the medium to be easily monitored (e.g. at about 5 to about 50

mg/litre).

A differentiation medium for use in the invention may comprise one or more amino acids. The
skilled person understands the appropriate types and amounts of amino acids for use in
differentiation media. Amino acids which may be present include L-alanine, L-arginine, L-
asparagine, L-aspartic acid, L-cysteine, L-cystine, L-glutamic acid, L-glutamine, L-glycine, L-
histidine, L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine, L-proline, L-serine, L-
threonine, L-tryptophan, L-tyrosine, L-valine and combinations thereof. Some differentiation media
will contain all of these amino acids. Generally, each amino acid when present is present at about
0.001 to about 1 g/L of medium (usually at about 0.01 to about 0.15 g/L), except for L-glutamine
which is present at about 0.05 to about 1 g/L (usually about 0.1 to about 0.75 g/L). The amino acids

may be of synthetic origin.

A differentiation medium for use in the invention may comprise one or more vitamins. The skilled
person understands the appropriate types and amounts of vitamins for use in differentiation media.
Vitamins which may be present include thiamine (vitamin B1), riboflavin (vitamin B2), niacin
(vitamin B3), D-calcium pantothenate (vitamin B5), pyridoxal/pyridoxamine/pyridoxine (vitamin
B6), folic acid (vitamin B9), cyanocobalamin (vitamin B12), ascorbic acid (vitamin C), calciferol

(vitamin D2), DL-alpha tocopherol (vitamin E), biotin (vitamin H) and menadione (vitamin K).

A differentiation medium for use in the invention may comprise one or more inorganic salts. The
skilled person understands the appropriate types and amounts of inorganic salts for use in
differentiation media. Inorganic salts are typically included in differentiation media to aid
maintenance of the osmotic balance of the cells and to help regulate membrane potential. Inorganic
salts which may be present include salts of calcium, copper, iron, magnesium, potassium, sodium,
zinc. The salts are normally used in the form of chlorides, phosphates, sulphates, nitrates and
bicarbonates. Specific salts that may be used include CaClz, CuS04-5H,0, Fe(NO3)-9H,0, FeSOs-
7H20, MgCl, MgS04, KCl, NaHCO3, NaCl, Na;HPOs, Na;HPO4-H20 and ZnSO4-7H20.

The osmolarity of the medium may be in the range from about 200 to about 400 mOsm/kg, in the
range from about 290 to about 350 mOsm/kg, or in the range from about 280 to about 310
mOsm/kg. The osmolarity of the medium may be less than about 300 mOsm/kg (e.g. about 280
mOsm/kg).

A differentiation medium for use in the invention may comprise a carbon energy source, in the form

of one or more sugars. The skilled person understands the appropriate types and amounts of sugars
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to use in differentiation media. Sugars which may be present include glucose, galactose, maltose
and fructose. The sugar is preferably glucose, particularly D-glucose (dextrose). A carbon energy

source will normally be present at between about 1 and about 10 g/L.

A differentiation medium of the invention may contain serum. Serum obtained from any appropriate
source may be used, including fetal bovine serum (FBS), goat serum or human serum. Preferably,
human serum is used. Serum may be used at between about 1% and about 30% by volume of the

medium, according to conventional techniques.

In other embodiments, a differentiation medium of the invention may contain a serum replacement.
Various different serum replacement formulations are commercially available and are known to the
skilled person. Where a serum replacement is used, it may be used at between about 1% and about

30% by volume of the medium, according to conventional techniques.

In other embodiments, a differentiation medium of the invention may be serum-free and/or serum
replacement-free. A serum-free medium is one that contains no animal serum of any type. Serum-
free media may be preferred to avoid possible xeno-contamination of the stem cells. A serum
replacement-free medium is one that has not been supplemented with any commercial serum

replacement formulation.

In a preferred embodiment, the differentiation medium is supplemented with a purified, natural,
semi-synthetic and/or synthetic growth factor and does not comprise an undefined component, such
as fetal bovine serum or fetal calf serum. For example, supplements such as B27 (Invitrogen), N-
Acetylcysteine (Sigma) and N2 (Invitrogen) stimulate proliferation of some cells. In some
embodiments, the differentiation medium is supplemented with one or more of these supplements,

for example one, any two or all three of these supplements.

A differentiation medium for use in the invention may comprise one or more trace elements, such as
ions of barium, bromium, cobalt, iodine, manganese, chromium, copper, nickel, selenium,
vanadium, titanium, germanium, molybdenum, silicon, iron, fluorine, silver, rubidium, tin,
zirconium, cadmium, zinc and/or aluminium.

The medium may comprise a reducing agent, such as beta-mercaptoethanol at a concentration of
about 0.1 mM.

A differentiation medium of the invention may comprise one or more additional agents, such as
nutrients or growth factors previously reported to improve stem cell culture, such as

cholesterol/transferrin/albumin/insulin/progesterone, putrescine, selenite/other factors.
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Basal medium

A differentiation medium that is used in a method of the invention comprises a basal medium. The
basal medium is any suitable basal medium for animal or human cells, subject to the limitations

provided herein.

Basal media for animal or human cell culture typically contain a large number of ingredients, which
are necessary to support maintenance of the cultured cells. Suitable combinations of ingredients can
readily be formulated by the skilled person, taking into account the following disclosure. A basal
medium for use in the invention will generally comprises a nutrient solution comprising standard
cell culture ingredients, such as amino acids, vitamins, lipid supplements, inorganic salts, a carbon
energy source, and a buffer, as described in more detail in the literature and above. In some
embodiments, the culture medium is further supplemented with one or more standard cell culture
ingredient, for example selected from amino acids, vitamins, lipid supplements, inorganic salts, a

carbon energy source, and a buffer.

The skilled person will understand from common general knowledge the types of culture media that
might be used as the basal medium in the differentiation medium of the invention. Potentially
suitable cell culture media are available commercially, and include, but are not limited to,
Dulbecco's Modified Eagle Media (DMEM), Minimal Essential Medium (MEM), Knockout-
DMEM (KO-DMEM), Glasgow Minimal Essential Medium (G-MEM), Basal Medium Eagle
(BME), DMEM/Ham’s F12, Advanced DMEM/Ham’s F12, Iscove’s Modified Dulbecco’s Media
and Minimal Essential Media (MEM), Ham's F-10, Ham’s F-12, Medium 199, and RPMI 1640
Media.

For example, the basal medium may be selected from DMEM/F12 and RPMI 1640 supplemented
with glutamine, insulin, penicillin/streptomycin and transferrin. In a further preferred embodiment,
Advanced DMEM/F12 or Advanced RPMI is used, which is optimized for serum free culture and
already includes insulin. In this case, said Advanced DMEM/F12 or Advanced RPMI medium is
preferably supplemented with glutamine and penicillin/streptomycin. AADMEM/12 (Invitrogen)
supplemented with N2 and B27 is also preferred. Preferably, the basal medium is Advanced
DMEM/F12. More preferably, the basal medium comprises Advanced DMEM/F12, glutamine and
B27.

In some embodiments, the basal medium comprises Advanced DMEM/F12, HEPES,
penicillin/streptomycin, Glutamine, N-Acetylcysteine, B27, N2 and Gastrin.
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In some embodiments, the basal culture medium comprises or consists of Advanced DMEM/F12
supplemented with penicillin/streptomycin, 10mM HEPES, Glutamax, 1x N2, 1x B27 (all from
Invitrogen) and about 1.25 mM N-acetylcysteine (Sigma).

It is furthermore preferred that said basal culture medium is supplemented with a purified, natural,
semi-synthetic and/or synthetic growth factor and does not comprise an undefined component such
as fetal bovine serum or fetal calf serum. Various different serum replacement formulations are
commercially available and are known to the skilled person. Where a serum replacement is used, it
may be used at between about 1% and about 30% by volume of the medium, according to

conventional techniques.

The differentiation medium used in the invention may comprise serum, or may be serum-free and/or
serum-replacement free, as described elsewhere herein. Culture media and cell preparations are
preferably GMP processes in line with standards required by the FDA for biologics products and to

ensure product consistency.

A differentiation medium of the invention will normally be formulated in deionized, distilled water.
A differentiation medium of the invention will typically be sterilized prior to use to prevent
contamination, ¢.g. by ultraviolet light, heating, irradiation or filtration. The differentiation medium
may be frozen (e.g. at -20°C or -80°C) for storage or transport. The medium may contain one or
more antibiotics to prevent contamination. The medium may have an endotoxin content of less that
0.1 endotoxin units per ml, or may have an endotoxin content less than 0.05 endotoxin units per ml.

Methods for determining the endotoxin content of culture media are known in the art.

A preferred basal culture medium is a defined synthetic medium that is buffered at a pH of 7.4
(preferably with a pH 7. 2 - 7.6 or at least 7.2 and not higher than 7.6) with a carbonate-based
buffer, while the cells are cultured in an atmosphere comprising between 5 % and 10% COz, or at

least 5% and not more than 10% CO», preferably 5 % CO..

In some embodiments, a differentiation medium is provided with a basal medium ready for use in a
differentiation method. In other embodiments, the differentiation medium is provided without a
basal medium, ¢.g. as a culture medium supplement, and the basal medium (or other components)
can be added prior to use in a differentiation method. Accordingly, there is provided any
differentiation medium described herein wherein the basal medium is absent or wherein the basal

medium is only an optional component.

Compositions and vessels

The invention also provides a composition or cell culture vessel comprising cells and/or organoids

according to any one of the aspects of the invention described above, and a differentiation medium
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according to any one of the aspects of the invention described above. For example, such a
composition or cell culture vessel may comprise any number of cells or organoids cultured

according to a method of the invention, in a differentiation medium as described above.

According to a still further aspect of the invention, there is provided a hermetically-sealed vessel
containing a differentiation medium of the invention. Hermetically-sealed vessels may be preferred
for transport or storage of the differentiation media, to prevent contamination. The vessel may be

any suitable vessel, such as a flask, a plate, a bottle, a jar, a vial or a bag.

Exemplarv culture media of the invention

In some embodiments, the differentiation medium of the invention comprises:

(1) one or more receptor tyrosine kinase ligands, e.g. selected from a ligand for RTK class I
(e.g. EGF), a ligand for RTK class IV (e.g. FGF), and a ligand for RTK class VI (e.g. HGF), cach

preferably at a concentration of 1 to 200 ng/ml,

(ii) one or more TGF-beta inhibitors, such as one or more inhibitor of ALKS, ALK4 or
ALKY7, e.g. selected from A83-01, SB-431542, SB-505124, SB-525334, LY 364947, SD-208 and
SIN 2511, preferably at a concentration of 100 nM to 200 uM,

(iii) a Notch inhibitor, for example, a gamma-secretase inhibitor, e.g. selected from DAPT,
dibenzazepine (DBZ), benzodiazepine (BZ) and LY-411575, preferably at a concentration of 0.001
to 100 pM, and

(1iv) one or more Wnt inhibitor, such as (a) an inhibitor of Wnt secretion, ¢.g. a Porc
inhibitor selected from IWP-2, LGK974 and IWP-1, preferably at a concentration of 0.01-150 uM,
and/or (b) an inhibitor of f-catenin target gene expression, e.g. selected from iCRT3, CGP049090,
PKF118310, PKF115-584, ZTM000990, PNU-74654, BC21, iCRTS, iCRT14 and FH535,
preferably at a concentration of 0.05-150 uM.

In some embodiments, the differentiation medium of the invention comprises:

(1) one or more receptor tyrosine kinase ligands, e.g. selected from a ligand for RTK class I
(e.g. EGF), a ligand for RTK class IV (e.g. FGF), and a ligand for RTK class VI (e.g. HGF), each

preferably at a concentration of 1 to 200 ng/ml,

(ii) one or more TGF-beta inhibitors, such as one or more inhibitor of ALKS5, ALK4 or
ALKZ7, e.g. selected from A83-01, SB-431542, SB-505124, SB-525334, LY 364947, SD-208 and
SIN 2511, preferably at a concentration of 100 nM to 200 uM,
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(ii1) a Notch inhibitor, for example, a gamma-secretase inhibitor, e.g. selected from DAPT,
dibenzazepine (DBZ), benzodiazepine (BZ) and LY-411575, preferably at a concentration of 0.001
to 100 uM, and

(iv) a GSK-3 inhibitor, e.g. selected from CHIR 99021, 6-BIO, Dibromocantharelline,
Hymenialdesine, Indirubins, Meridianins, CT98014, CT98023, CT99021, TWS119, SB-216763,
SB-41528, AR-A014418, AZD-1080, Alsterpaullone, Cazpaullone, Kenpaullone, Aloisines,
Manzamine A, Palinurine, Tricantine, TDZD-8, NP00111, NP031115, Tideglusib, HMK-32 and
L803-mts, preferably at a concentration of 0.01-150 pM.

In some embodiments, the differentiation medium of the invention comprises:

(i) one or more receptor tyrosine kinase ligands, e.g. selected from a ligand for RTK class |
e.g. EGF), a ligand for RTK class IV (e.g. FGF), and a ligand for RTK class VI (e.g. HGF), each
g g 2 g g

preferably at a concentration of 1 to 200 ng/ml,

(i1) one or more TGF-beta inhibitors, such as one or more inhibitor of ALKS, ALK4 or
ALK7, e.g. selected from A83-01, SB-431542, SB-505124, SB-525334, LY 364947, SD-208 and
SIN 2511, preferably at a concentration of 100 nM to 200 uM,

(ii1) a Notch inhibitor, for example, a gamma-secretase inhibitor, e.g. selected from DAPT,
dibenzazepine (DBZ), benzodiazepine (BZ) and LY-411575, preferably at a concentration of 0.001
to 100 uM,

(iv) one or more Wnt inhibitor, such as (a) an inhibitor of Wnt secretion, ¢.g. a Porc
inhibitor selected from IWP-2, LGK974 and IWP-1, preferably at a concentration of 0.01-150 uM,
and/or (b) an inhibitor of f-catenin target gene expression, e.g. selected from iICRT3, CGP049090,
PKF118310, PKF115-584, ZTM000990, PNU-74654, BC21, iCRT35, iCRT14 and FH535,
preferably at a concentration of 0.05-150 pM, and

(v) a GSK-3 inhibitor, e.g. selected from CHIR 99021, 6-BIO, Dibromocantharelline,
Hymenialdesine, Indirubins, Meridianins, CT98014, CT98023, CT99021, TWS119, SB-216763,
SB-41528, AR-A014418, AZD-1080, Alsterpaullone, Cazpaullone, Kenpaullone, Aloisines,
Manzamine A, Palinurine, Tricantine, TDZD-8, NP00111, NP031115, Tideglusib, HMK-32 and
L803-mts, preferably at a concentration of 0.01-150 pM.

In some embodiments, the differentiation medium of the invention comprises:

(1) one or more receptor tyrosine kinase ligands, e.g. selected from a ligand for RTK class I
e.g. EGF), a ligand for RTK class IV (e.g. FGF), and a ligand for RTK class VI (e.g. HGF), each
g g g g g

preferably at a concentration of 1 to 200 ng/ml,
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(i1) one or more TGF-beta inhibitors, such as one or more inhibitor of ALKS5, ALK4 or
ALKZ7, e.g. selected from A83-01, SB-431542, SB-505124, SB-525334, LY 364947, SD-208 and
SIN 2511, preferably at a concentration of 100 nM to 200 uM,

(ii1) a Notch inhibitor, for example, a gamma-secretase inhibitor, e.g. selected from DAPT,
dibenzazepine (DBZ), benzodiazepine (BZ) and LY-411575, preferably at a concentration of 0.001
to 100 uM,

(iv) a GSK-3 inhibitor, e.g. selected from CHIR 99021, 6-BIO, Dibromocantharelline,
Hymenialdesine, Indirubins, Meridianins, CT98014, CT98023, CT99021, TWS119, SB-216763,
SB-41528, AR-A014418, AZD-1080, Alsterpaullone, Cazpaullone, Kenpaullone, Aloisines,
Manzamine A, Palinurine, Tricantine, TDZD-8, NP00111, NP031115, Tideglusib, HMK-32 and
L803-mts, preferably at a concentration of 0.01-150 uM, and

(v) one or more Wnt inhibitor that acts downstream of the B-catenin destruction complex,
such as an inhibitor of f-catenin target gene expression, ¢.g. selected from iCRT3, CGP049090,
PKF118310, PKF115-584, ZTM000990, PNU-74654, BC21, iCRTS, iCRT14 and FH535,
preferably at a concentration of 0.05-150 pM.

In some embodiments, the differentiation medium of the invention comprises:

(1) one or more receptor tyrosine kinase ligands, e.g. selected from a ligand for RTK class |
(c.g. EGF), a ligand for RTK class IV (¢.g. FGF), and a ligand for RTK class VI (e.g. HGF), cach

preferably at a concentration of 1 to 200 ng/ml,

(1) one or more TGF-beta inhibitors, such as one or more inhibitor of ALKS, ALK4 or
ALK7, e.g. selected from A83-01, SB-431542, SB-505124, SB-525334, LY 364947, SD-208 and
SIJN 2511, preferably at a concentration of 100 nM to 200 uM,

(ii1) a Notch inhibitor, for example, a gamma-secretase inhibitor, e.g. selected from DAPT,
dibenzazepine (DBZ), benzodiazepine (BZ) and LY-411575, preferably at a concentration of 0.001
to 100 uM, and

(iv) an AP-1 stimulant, such as a muscarinic acetylcholine receptor agonist, e.g. selected
from carbachol, acetylcholine, bethanecol, oxotremorine, L-689,660 (1-azabicyclo[2.2.2]octane, 3-
(6-chloropyrazinyl)maleate), pilocarpine, muscarine, McN-A 343 (4-[[[(3-
Chlorophenyl)amino]carbonyl]oxy]-N,N,N-trimethyl-2-butyn-1-aminium chloride), 77-LH-218-1
(1-[3-(4-Butyl-1-piperidinyl)propyl]-3,4-dihydro-2(1H)-quinolinone) and methacholine, preferably
at a concentration of 0.001-300 uM.

In some embodiments, the differentiation medium of the invention comprises:
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(1) one or more receptor tyrosine kinase ligands, e.g. selected from a ligand for RTK class I
¢.g. EGF), a ligand for RTK class IV (¢.g. FGF), and a ligand for RTK class VI (e.g. HGF), each
g g g g g

preferably at a concentration of 1 to 200 ng/ml,

(ii) one or more TGF-beta inhibitors, such as one or more inhibitor of ALKS, ALK4 or
ALK7, e.g. selected from A83-01, SB-431542, SB-505124, SB-525334, LY 364947, SD-208 and
SIN 2511, preferably at a concentration of 100 nM to 200 uM,

(ii1) a Notch inhibitor, for example, a gamma-secretase inhibitor, e.g. selected from DAPT,
dibenzazepine (DBZ), benzodiazepine (BZ) and LY-411575, preferably at a concentration of 0.001
to 100 uM,

(1v) one or more Wnt inhibitor, (a) an inhibitor of Wnt secretion, e.g. a Porc inhibitor
selected from IWP-2, LGK974 and IWP-1, preferably at a concentration of 0.01-150 pM, and/or (b)
an inhibitor of B-catenin target gene expression, e.g. selected from iCRT3, CGP049090,

PKF118310, PKF115-584, ZTM000990, PNU-74654, BC21, iCRTS, iCRT14 and FH535,
preferably at a concentration of 0.05-150 pM, and

(v) an AP-1 stimulant, such as a muscarinic acetylcholine receptor agonist, e.g. selected
from carbachol, acetylcholine, bethanecol, oxotremorine, L-689,660 (1-azabicyclo[2.2.2]octane, 3-
(6-chloropyrazinyl)maleate), pilocarpine, muscarine, McN-A 343 (4-[[[(3-
Chlorophenyl)amino]carbonyl]oxy]-N,N,N-trimethyl-2-butyn-1-aminium chloride), 77-LH-218-1
(1-[3-(4-Butyl-1-piperidinyl)propyl]-3,4-dihydro-2(1H)-quinolinone) and methacholine, preferably
at a concentration of 0.001-300 uM.

In some embodiments, the differentiation medium of the invention comprises:

(1) one or more receptor tyrosine kinase ligands, e.g. selected from a ligand for RTK class I
(c.g. EGF), a ligand for RTK class IV (¢.g. FGF), and a ligand for RTK class VI (e.g. HGF), cach

preferably at a concentration of 1 to 200 ng/ml,

(11) one or more TGF-beta inhibitors, such as one or more inhibitor of ALKS, ALK4 or
ALKZ7, e.g. sclected from A83-01, SB-431542, SB-505124, SB-525334, LY 364947, SD-208 and
SIJN 2511, preferably at a concentration of 100 nM to 200 uM,

(ii1) a Notch inhibitor, for example, a gamma-secretase inhibitor, ¢.g. selected from DAPT,
dibenzazepine (DBZ), benzodiazepine (BZ) and LY-411575, preferably at a concentration of 0.001
to 100 uM,

(iv) a GSK-3 inhibitor, e.g. selected from CHIR 99021, 6-BIO, Dibromocantharelline,
Hymenialdesine, Indirubins, Meridianins, CT98014, CT98023, CT99021, TWS119, SB-216763,
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SB-41528, AR-A014418, AZD-1080, Alsterpaullone, Cazpaullone, Kenpaullone, Aloisines,
Manzamine A, Palinurine, Tricantine, TDZD-8, NP00111, NP031115, Tideglusib, HMK-32 and
L803-mts, preferably at a concentration of 0.01-150 uM, and

(v) an AP-1 stimulant, such as a muscarinic acetylcholine receptor agonist, e.g. selected
from carbachol, acetylcholine, bethanecol, oxotremorine, L-689,660 (1-azabicyclo[2.2.2]octane, 3-
(6-chloropyrazinyl)maleate), pilocarpine, muscarine, McN-A 343 (4-[[[(3-
Chlorophenyl)amino]carbonyl]oxy]-N,N,N-trimethyl-2-butyn-1-aminium chloride), 77-LH-218-1
(1-[3-(4-Butyl-1-piperidinyl)propyl]-3,4-dihydro-2(1H)-quinolinone) and methacholine, preferably
at a concentration of 0.001-300 uM.

In some embodiments, the differentiation medium of the invention comprises:

(1) one or more receptor tyrosine kinase ligands, e.g. selected from a ligand for RTK class I
(e.g. EGF), a ligand for RTK class IV (e.g. FGF), and a ligand for RTK class VI (e.g. HGF), cach

preferably at a concentration of 1 to 200 ng/ml,

(ii) one or more TGF-beta inhibitors, such as one or more inhibitor of ALKS, ALK4 or
ALKY7, e.g. selected from A83-01, SB-431542, SB-505124, SB-525334, LY 364947, SD-208 and
SIN 2511, preferably at a concentration of 100 nM to 200 uM,

(1i1) a Notch inhibitor, for example, a gamma-secretase inhibitor, e.g. selected from DAPT,
dibenzazepine (DBZ), benzodiazepine (BZ) and LY-411575, preferably at a concentration of 0.001
to 100 uM,

(iv) one or more Wnt inhibitor, (a) an inhibitor of Wnt secretion, ¢.g. a Porc inhibitor
selected from IWP-2, LGK974 and IWP-1, preferably at a concentration of 0.01-150 pM, and/or (b)
an inhibitor of B-catenin target gene expression, e.g. selected from iCRT3, CGP049090,

PKF118310, PKF115-584, ZTM000990, PNU-74654, BC21, iCRT5, iCRT14 and FH535,
preferably at a concentration of 0.05-150 pM,

(v) a GSK-3 inhibitor, e.g. selected from CHIR 99021, 6-BIO, Dibromocantharelline,
Hymenialdesine, Indirubins, Meridianins, CT98014, CT98023, CT99021, TWS119, SB-216763,
SB-41528, AR-A014418, AZD-1080, Alsterpaullone, Cazpaullone, Kenpaullone, Aloisines,
Manzamine A, Palinurine, Tricantine, TDZD-8, NP00111, NP031115, Tideglusib, HMK-32 and
L803-mts, preferably at a concentration of 0.01-150 uM, and

(vi) an AP-1 stimulant, such as a muscarinic acetylcholine receptor agonist, ¢.g. selected
from carbachol, acetylcholine, bethanecol, oxotremorine, L-689,660 (1-azabicyclo[2.2.2]octane, 3-
(6-chloropyrazinyl)maleate), pilocarpine, muscarine, McN-A 343 (4-[[[(3-
Chlorophenyl)amino]carbonyl]oxy]-N,N,N-trimethyl-2-butyn-1-aminium chloride), 77-LH-218-1
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(1-[3-(4-Butyl-1-piperidinyl)propyl]-3,4-dihydro-2(1H)-quinolinone) and methacholine, preferably
at a concentration of 0.001-300 uM.

In any of these embodiments, the differentiation medium may further comprise a BMP pathway
activator (e.g. BMP7), preferably at a concentration of 0.01 ng/ml to 500 ng/ml, and/or gastrin,
preferably at a concentration of 0.01 nM to 500 nM.

In preferred embodiments, the differentiation medium of the invention comprises (i) one or more
receptor tyrosine kinase ligands (e.g. EGF, HGF and/or FGF19), (ii) one or more TGF-beta
inhibitors (e.g. A83-01), (ii1) a Notch inhibitor (e.g. DAPT and/or DBZ), (iv) a glucocorticoid (e.g.
dexamethasone), (v) one or more Wnt inhibitors (e.g. IWP-2 and/or iCRT3), (vi) a GSK-3 inhibitor
(e.g. CHIR99021) and (vii) an AP-1 stimulant (e.g. a muscarinic acetylcholine receptor agonist,
such as carbachol). In some embodiments, the differentiation medium of the invention further

comprises: (viii) a BMP pathway activator (e.g. BMP7) and/or (ix) gastrin.

Accordingly, in some embodiments, the differentiation medium of the invention comprises (1) EGF
(e.g. at a concentration of about 50 ng/ml), HGF (e.g. at a concentration of about 25 ng/ml) and
FGF19 (e.g. at a concentration of about 100 ng/ml), (ii) A83-01 (e.g. at a concentration of about 0.5
uM), (ii1) DAPT (e.g. at a concentration of about 10 uM), (iv) dexamethasone (e.g. at a
concentration of about 3 uM), (v) IWP-2 (e.g. at a concentration of about 3 uM) and iCRT3 (e.g. at
a concentration of about 50 M), (vi) CHIR99021 (e.g. at a concentration of about 3 pM), (vii)
carbachol (e.g. at a concentration of about 100 uM), (viii) BMP7 (e.g. at a concentration of about
25 ng/ml) and (ix) gastrin (e.g. at a concentration of about 10 nM).

These differentiation media are particularly suitable for differentiating liver cells. These media are
also envisaged to be useful for closely related tissues, such as pancreas. These media are also

envisaged to be useful for the differentiation of epithelial cells more generally.

Splitting

The inventors surprisingly found that differentiation is improved if smaller organoids are cultured in
differentiation medium. In particular, the inventors found that splitting a liver organoid culture
before adding the organoids to a differentiation medium resulted in a higher efficiency of
differentiation (see Figure 2F). Thus, a greater proportion of the cell population exhibited
hepatocyte markers (e.g. albumin and Cyp3A4) and the differentiated cells exhibited higher levels

of hepatocyte markers.

Accordingly, in some embodiments, a culture of progenitor cells is split before it is cultured in the
differentiation medium. In some embodiments, this splitting occurs after at least three, at least four,

at least five, at least six or at least seven days of culturing in an expansion medium. For example, in
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some embodiments, the progenitor cells, e.g. epithelial stem cells, are cultured in an expansion
medium for five days, the culture is then split and then cultured in a differentiation medium of the

invention.

In one embodiment, the invention provides a method for culturing a single epithelial stem cell, a
population of epithelial stem cells, or an isolated tissue fragment, preferably to generate an

organoid, wherein the method comprises:

culturing an epithelial cell, a population of epithelial cells or an isolated tissue fragment in
an expansion medium to obtain an expanded cell population (preferably to obtain one or

more organoid);

splitting the expansion culture after at least three, at least four, at least five, at least six or at

least seven days of culturing in the expansion medium; and
culturing the expanded cell population or one or more organoid in a differentiation medium.

In some embodiments, a BMP pathway activator as described herein (e.g. BMP7) is added to the
expansion medium before splitting. For example, in some embodiments, BMP7 is added to the
expansion medium after at least three, at least four, at least five, at least six or at least seven days of

culturing in the expansion medium.

Extracellular matrix

In some embodiments, the methods for culturing cells, e.g. the methods for expanding and/or
differentiating cells, comprise culturing cells in contact with an extracellular matrix (ECM). Any
suitable ECM may be used. Cells are preferably cultured in a microenvironment that mimics at least
in part a cellular niche in which said cells naturally reside. A cellular niche is in part determined by
the cells and by an ECM that is secreted by the cells in said niche. A cellular niche may be
mimicked by culturing said cells in the presence of biomaterials or synthetic materials that provide
interaction with cellular membrane proteins, such as integrins. An ECM as described herein is thus
any biomaterial or synthetic material or combination thereof that mimics the in vivo cellular niche,

e.g. by interacting with cellular membrane proteins, such as integrins.

In a preferred method of the invention, cells are cultured in contact with an ECM. “In contact”
means a physical or mechanical or chemical contact, which means that for separating said resulting
organoid or population of epithelial cells from said extracellular matrix a force needs to be used. In
some embodiments, the ECM is a three-dimensional matrix. In some embodiment, the cells are
embedded in the ECM. In some embodiments, the cells are attached to an ECM. A culture medium

of the invention may be diffused into a three-dimensional ECM.
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In another embodiments, the ECM is in suspension, i.e. the cells are in contact with the ECM in a
suspension system. In some embodiments, the ECM is in the suspension at a concentration of at
least 1%, at least 2% or at least 3%. In some embodiments, the ECM is in the suspension at a
concentration of from 1% to about 10% or from 1% to about 5%. The suspension method may have

advantages for upscale methods.

One type of ECM is secreted by epithelial cells, endothelial cells, parictal endoderm-like cells (e.g.
Englebreth-Holm-Swarm Parietal Endoderm-Like cells described in Hayashi ef al. (2004) Matrix
Biology 23:47-62) and connective tissue cells. This ECM comprises of a variety of polysaccharides,
water, clastin, and glycoproteins, wherein the glycoproteins comprise collagen, entactin (nidogen),
fibronectin, and laminin. Therefore, in some embodiments, the ECM for use in the methods of the
invention comprises one or more of the components selected from the list: polysaccharides, elastin,
and glycoproteins, ¢.g. wherein the glycoproteins comprise collagen, entactin (nidogen),
fibronectin, and/or laminin. For example, in some embodiments, collagen is used as the ECM.
Different types of ECM are known, comprising different compositions including different types of

glycoproteins and/or different combination of glycoproteins.

The ECM can be provided by culturing ECM-producing cells, such as for example epithelial cells,
endothelial cells, parictal endoderm-like cells or fibroblast cells, in a receptacle, prior to the
removal of these cells and the addition of isolated tissue fragments or isolated epithelial cells.
Examples of extracellular matrix-producing cells are chondrocytes, producing mainly collagen and
proteoglycans, fibroblast cells, producing mainly type IV collagen, laminin, interstitial
procollagens, and fibronectin, and colonic myofibroblasts producing mainly collagens (type I, 111,
and V), chondroitin sulfate proteoglycan, hyaluronic acid, fibronectin, and tenascin-C. These are
“naturally-produced ECMs”. Naturally-produced ECMs can be commercially provided. Examples
of commercially available extracellular matrices include: extracellular matrix proteins (Invitrogen)
and basement membrane preparations from Engelbreth-Holm-Swarm (EHS) mouse sarcoma cells

(e.g. Cultrex® Basement Membrane Extract (Trevigen, Inc.) or Matrigel™ (BD Biosciences)).

Therefore, in some embodiments, is a naturally-produced ECM. In some embodiments the ECM is
a laminin-containing ECM such as Matrigel"™ (BD Biosciences). In some embodiments, the ECM
is Matrigel™ (BD Biosciences), which comprises laminin, entactin, and collagen IV. In some
embodiments, the ECM comprises laminin, entactin, collagen I'V and heparin sulphate proteoglycan
(e.g. Cultrex® Basement Membrane Extract Type 2 (Trevigen, Inc.)). In some embodiments, the
ECM comprises at least one glycoprotein, such as collagen and/or laminin. A preferred ECM for

use in a method of the invention comprises collagen and laminin. A further preferred ECM
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comprises laminin, entactin, and collagen IV. Mixtures of naturally-produced or synthetic ECM

materials may be used, if desired.

In another embodiment, the ECM may be a synthetic ECM. For instance, a synthetic ECM, such as
ProNectin (Sigma Z378666) may be used. In a further example, the ECM may be a plastic, ¢.g. a
polyester, or a hydrogel. In some embodiments, a synthetic matrix may be coated with biomaterials,

¢.g. one or more glycoprotein, such as collagen or laminin.

A three-dimensional ECM supports culturing of three-dimensional epithelial organoids. The
extracellular matrix material will normally be a drop on the bottom of the dish in which cells are
suspended. Typically, when the matrix solidifies at 37°C, the medium is added and diffuses into the
ECM. The cells in the medium stick to the ECM by interaction with its surface structure, for

example interaction with integrins.
The culture medium and/or cells may be placed on, embedded in or mixed with the ECM.

For instance, in some embodiments, the single cell, population of cells, or tissue fragment is

embedded in Matrigel™, which is optionally growth factor reduced and/or phenol red-free.

In some embodiments, the culture medium is placed on top of the ECM. The culture medium can
then be removed and replenished as and when required. In some embodiments, the culture medium
is replenished every 1, 2, 3, 4, 5, 6 or 7 days. If components are “added” or “removed” from the
media, then this can in some embodiments mean that the media itself is removed from the ECM and
then a new media containing the “added’ component or with the “removed” component excluded is

placed on the ECM.

Progenitor and stem cells for culture and obtaining said cells

The differentiation methods are useful for progenitor cells. Progenitor cells are defined herein as
any cells that have differentiation potential. The term “progenitor cells” therefore encompasses stem
cells, including, but not limited to adult stem cells, embryonic stem cells and iPS cells. The
progenitor cells may be, for example, primary stem cells or expanded stem cells or part-
differentiated stem cells. In some embodiments, the progenitor cells are primary cells, meaning
obtained directly from live tissue. In other embodiments, the progenitor cells are secondary cells,
i.e. cells that have been cultured and/or passaged. In some embodiments, the progenitor cells are
expanded cells. The term “expanded’” means that the cells have been cultured in vitro in a culture

medium that promotes expansion (e.g. proliferation) of cells in preference to differentiation.

In a preferred embodiment, the progenitor cells are adult progenitor cells, i.¢. are derived from adult
tissue. In some embodiments, the adult progenitor cells are adult stem cells (e.g. adult epithelial

stem cells). In this context “adult” includes newly-born baby or child but excludes embryonic or
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foetal. In some embodiments the progenitor cells are not derived from embryonic stem cells or
embryonic stem cell lines, for example human embryonic stem cells or human embryonic stem cell
lines. In some embodiments, the progenitor cells are not derived from umbilical cord and/or

placental tissue.

In a preferred embodiment, the progenitor cells are epithelial progenitor cells. For example, in a
preferred embodiment, the progenitor cells are derived from epithelial tissue, more preferably adult
epithelial tissue. Epithelial tissues include the liver, pancreas, intestine, stomach, prostate, lung,
breast, ovary, salivary gland, hair follicle, skin, oesophagus, ear, bladder or thyroid. Thus in some
embodiments, the progenitor cells are obtained from the liver, pancreas, intestine, stomach, prostate,
lung, breast, ovary, salivary gland, hair follicle, skin, oesophagus, ear, bladder or thyroid. In some
embodiments, the progenitor cells are obtained from the liver or pancreas. In a preferred

embodiment, the progenitor cells are obtained from the liver.

In a preferred embodiment, the progenitor cells are mammalian cells. For example, in a preferred
embodiment, the cells are derived from mammalian tissue. For example, in some embodiments the
progenitor cells are human cells. In some embodiments the progenitor cells are from a laboratory
animal (e.g. mouse, rabbit, rat, guinea pig), a companion animal (e.g. dog, cat, horse) or a farm

animal (e.g. cow, pig, sheep, goat).

Primary cells represent the best experimental models for in vivo situations. In a preferred
embodiment of the invention, the progenitor cells are (or are derived from) primary progenitor cells
(e.g. primary epithelial stem cells). Primary cell cultures can be passaged to form secondary cell
cultures. With the exception of cancer cells, traditional secondary epithelial cell cultures have a
limited lifespan. After a certain number of population doublings (e.g. 50-100 generations) cells
undergo the process of senescence and stop dividing. Cells from secondary cultures can become
immortalized to become continuous cell lines. Immortalization can occur spontaneously, or may be
virally- or chemically- induced. Immortalized cell lines are also known as transformed cells. In a
preferred embodiment of the invention, the cells are obtained from expanded epithelial stem cell
cultures, preferably expanded organoids, which have been expanded and/or passaged without
immortalisation or transformation. In some embodiments, these expanded epithelial cultures or
organoids may be genetically heterogencous (unlike traditional cell lines). Thus in some
embodiments, the progenitor cells are not immortalised or transformed cells or are not derived from

an immortalised cell line or a transformed cell line.

The progenitor cells may be obtained by any suitable method, for example, as described in
WO 2010/090513, WO 2012/014076, WO 2012/168930 or WO 2015/173425. In some

embodiments, cells are isolated by collagenase digestion, for example, as described in the examples
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and in Dorell et al., 2008 (Hepatology. 2008 Oct;48(4):1282-91. Surface markers for the murine
oval cell response. Dorrell C, Erker L, Lanxon-Cookson KM, Abraham SL, Victoroff T, Ro S,
Canaday PS, Streeter PR, Grompe M). In some embodiments, collagenase digestion is performed
on a tissue biopsy. In some embodiments, collagenase and accutase digestion are used to obtain the

progenitor cells for use in the invention.

In some embodiments, progenitor cell is an epithelial stem cell that expresses Lgr5. An organoid is
preferably obtained using a cell from an adult tissue, preferably an epithelial stem cell from an adult

tissue, more preferably an epithelial stem cell that expresses Lgr5.

In some embodiments the progenitor cells are normal cells, meaning that the cells have a normal
karyotype, genotype and/or phenotype. In alternative embodiments, the progenitor cells are disease
cells, meaning that they have a disease karyotype, genotype and/or phenotype. For example, in
some embodiments, the progenitor cells are cancer cells. Thus, it is envisaged, for example, that the
epithelial stem cells may be LgrS5 positive cancer stem cells. Accordingly, the cells may be obtained
from a tumour, if required. In alternative embodiments, the progenitor cells are diseased progenitor
cells, for example progenitor cells infected with intracellular pathogens (e.g. bacteria, viruses or

parasites).

Exemplarv methods

The invention provides a method for differentiating progenitor cells, wherein said method
comprises culturing the cells in a differentiation medium described herein. In a preferred

embodiment, the cells are cultured in contact with an ECM as described herein.

The invention also provides a method for culturing progenitor cells, wherein said method comprises
culturing the cells in an expansion medium and subsequently culturing the cells in a differentiation
medium described herein. In some embodiments, the cells are cultured in contact with an ECM as
described herein during the expansion and/or differentiation steps. In some embodiments, the
expansion medium is removed prior to culturing the cells in the differentiation medium, e.g. by

repeated washings or by splitting the cell culture.

The invention provides a method for culturing a single epithelial stem cell, a population of epithelial
stem cells, or an isolated tissue fragment, preferably to obtain an organoid, wherein the method

comprises:

culturing an epithelial stem cell, a population of epithelial stem cells or an isolated tissue

fragment in an expansion medium to provide an expanded cell population; and

culturing the expanded cell population in a differentiation medium.
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The invention also provides a method for differentiating a single progenitor cell or a population of

progenitor cells, wherein the method comprises:
culturing an progenitor cell or a population of progenitor cells in a differentiation medium.

The differentiation medium may be any differentiation medium described herein. For example, in
some embodiments, the differentiation medium comprises (i) one or more receptor tyrosine kinase
ligands (e.g. EGF, HGF and/or FGF19), (ii) one or more TGF-beta inhibitors (e.g. A83-01), (iii) a
Notch inhibitor (e.g. DAPT and/or DBZ), (iv) a glucocorticoid (e.g. dexamethasone), (v) one or
more Wnt inhibitors (e.g. IWP-2 and/or iCRT3), (vi) a GSK-3 inhibitor (e.g. CHIR99021) and (vii)
an AP-1 stimulant (e.g. a muscarinic acetylcholine receptor agonist, such as carbachol). In some
embodiments, the differentiation medium of the invention further comprises: (viii) a BMP pathway

activator (e.g. BMP7) and/or (ix) gastrin.

The expansion medium may be any suitable expansion medium for epithelial stem or progenitor
cells, preferably a suitable expansion medium for epithelial stem cells (e.g. as described in

WO 2010/090513, WO 2012/014076, WO 2012/168930 or WO 2015/173425).

In some embodiments, the expansion medium comprises one or more receptor tyrosine kinase
ligands (e.g. EGF, HGF and/or FGF10), nicotinamide and one or more Wnt agonists (e.g. Rspondin

conditioned medium and/or Wnt conditioned medium).

In some embodiments, the expansion medium comprises one or more receptor tyrosine kinase
ligands (e.g. EGF, HGF and/or FGF10), one or more Wnt agonists (e.g. Rspondin conditioned

medium and/or Wnt conditioned medium) and one or more TGF-beta inhibitors (e.g. A83-01).

In some embodiments, the expansion medium comprises one or more receptor tyrosine kinase
ligands (e.g. EGF, HGF and/or FGF10), nicotinamide, one or more Wnt agonists (e.g. Rspondin
conditioned medium and/or Wnt conditioned medium) and one or more TGF-beta inhibitors (e.g.

A83-01).

In any of these embodiments, the expansion medium may further comprise a cCAMP pathway

activator (e.g. forskolin), gastrin and/or a BMP inhibitor (¢.g. Noggin).

For example, in some embodiments (e.g. in a preferred embodiment for the liver), the expansion
medium comprises (i) EGF (e.g. at about 50 ng/ml), HGF (e.g. at about 25 ng/ml) and FGF10 (e.g.
at about 100 ng/ml); (ii) A83-01 (e.g. at about 5 pM); (iii) Rspondin conditioned medium (e.g. at
about 10%); (iv) nicotinamide (e.g. at about 0.01 M); (v) forskolin (e.g. at about 10 uM) and (vi)
gastrin (e.g. at about 10 nM). In some embodiments, the expansion medium further comprises

n-Acetylcysteine (e.g. at about 1.25 mM), 1xN2 and 1xB27 (optionally 1xB27 without vitamin A).
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Preferably, the cells are expanded to generate one or more (e.g. at least 2, 3, 4, 5, 6, 10, 15, 20 or

more than 20) organoids prior to differentiation.

In some embodiments, cells are initially cultured in an expansion medium described herein and,
once successful organoids have been established, the expansion medium is replaced with a
differentiation medium described herein. Accordingly, in some embodiments after one or more (e.g.
after two, three, four, five, six, seven, eight, nine, ten or more) passages, the expansion medium is

replaced with a differentiation medium.

As will be apparent to the skilled reader, the preferred culture methods of the invention are
advantageous because feeder cells are not required. Feeder cell layers are often used to support the
culture of stem cells, and to inhibit their differentiation. A feeder cell layer is generally a monolayer
of cells that is co-cultured with, and which provides a surface suitable for growth of, the cells of
interest. The feeder cell layer provides an environment in which the cells of interest can grow.
Feeder cells are often mitotically inactivated (e.g. by irradiation or treatment with mitomycin C) to
prevent their proliferation. The use of feeder cells is undesirable, because it complicates passaging
of the cells (the cells must be separated from the feeder cells at each passage, and new feeder cells
are required at each passage). The use of feeder cells can also lead to contamination of the desired
cells with the feeder cells. This is clearly problematic for any medical applications, and even in a
research context, complicates analysis of the results of any experiments performed on the cells. As
noted elsewhere herein, the culture media of the invention are particularly advantageous because
they can be used to culture cells without feeder cell contact, i.e. the methods of the invention do not

require a layer of feeder cells to support the cells whose growth is being sponsored.

Accordingly, the compositions of the invention may be feeder cell-free compositions. A
composition is conventionally considered to be feeder cell-free if the cells in the composition have
been cultured for at least one passage in the absence of a feeder cell layer. A feeder cell-free
composition of the invention will normally contain less than about 5%, less than about 4%, less
than about 3%, less than about 2%, less than about 1% feeder cells (expressed as a % of the total

number of cells in the composition) or preferably no feeder cells at all.

In a further aspect, there is provided a method for obtaining a population of differentiated cells or an
organoid, wherein the method comprises culturing progenitor cells in a differentiation medium of
the invention. Preferably, the method comprises culturing the progenitor cells in a differentiation

medium of the invention using a differentiation method as described herein.

In some embodiments, the method comprises obtaining the organoid/population of differentiated

cells from a single epithelial stem cell. In another embodiment, the method comprises obtaining the
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organoid/population of differentiated cells from a population of epithelial stem cells, or from an

epithelial tissue fragment.

In a particular embodiment, there is provided a method for obtaining a differentiated organoid,
wherein the method comprises culturing epithelial progenitor cells (e.g. epithelial stem cells,
optionally expressing Lgr5) in a differentiation medium of the invention, preferably wherein the

epithelial progenitor cells are in contact with an ECM, preferably a three-dimensional ECM.

In some embodiments, the method comprises culturing the progenitor cells in an expansion medium
for a period of time, for example, 3 days to 10 weeks, 1 to 10 weeks, 1 to 4 weeks or 10 days to 3
weeks, and then passaging the cells (e.g. dissociating the cells to a single cell density, seeding one
or more cells at a ratio of 1 cell per container (e.g. per well)), continuing to expand the cells using
an expansion medium for a period of time, for example, 3 days to 10 weeks, 1 to 10 weeks, 1 to 4
weeks or 10 days to 3 weeks and repeating the passaging and expanding steps at least once, at least
twice, at lcast three times, at least four times, at least five times, at least six times, at least seven
times, at least eight times, at least nine times, at least ten times, at least eleven times, at least twelve

times, at least thirteen times or at least fourteen times, prior to differentiating the cells.

In some embodiments, the method comprises culturing the progenitor cells in a differentiation
medium for at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least &, at
least 9, at least 10, at least 11, at least 12, at least 13, at least 14 days. In some embodiments, the
method comprises culturing the progenitor cells in a differentiation medium for about 1 to about 20

days, for about 1 to about 10 days or for about 1 to about 5 days.

Following differentiation, the method may further comprise obtaining and/or isolating one or more
differentiated cells or a differentiated organoid. For example, following culture of the progenitor
cells, it may be useful to remove one or more cells and/or one or more organoids cultured in the
culture medium from the culture medium for use in subsequent applications. Any one of a number
of physical methods of separation known in the art may be used to select the cells of the invention
and distinguish these from other cell types. Such physical methods may involve FACS and various

immuno-affinity methods based upon makers specifically expressed by the cells of the invention.

In one embodiment, the cells may be isolated by FACS utilizing an antibody, for example, against
one of these markers. As will be apparent to one skilled in the art, this may be achieved through a
fluorescent labeled antibody, or through a fluorescent labeled secondary antibody with binding
specificity for the primary antibody. Examples of suitable fluorescent labels includes, but is not

limited to, FITC, Alexa Fluor® 488, GFP, CFSE, CFDA-SE, DyLight 488, PE, PerCP, PE-Alexa
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Fluor® 700, PE-Cy5 (TRI-COLOR®), PE-Cy5.5, PI, PE-Alexa Fluor® 750, and PE-Cy7 . This list

is provided by way of example only, and is not intended to be limiting.

Alternatively, cells may be isolated by immuno-affinity purification, which is a separation method
well known in the art. This method relies upon the immobilisation of antibodies on a purification
column. The cell sample is then loaded onto the column, allowing the appropriate cells to be bound
by the antibodies, and therefore bound to the column. Following a washing step, the cells are eluted
from the column using a competitor which binds preferentially to the immobilised antibody, and

permits the cells to be released from the column.

It will be apparent to a person skilled in the art that immuno-affinity purification using an
immobilised antibody will provide a purified cell population. However, in some embodiments, it
may be preferable to purify the cell population further by performing a further round of immuno-
affinity purification using one or more of the other identifiable markers and use an aliquot of the

isolated clones to ascertain the expression of other relevant intracellular markers.

It will be apparent to a person skilled in the art that the sequential purification steps are not

necessarily required to involve the same physical method of separation.

Differentiated cells and organoids

The invention further provides a differentiated organoid or a population of one or more

differentiated cells.

A differentiated organoid is a three-dimensional structure comprising differentiated epithelial cell
types. A differentiated organoid is typically sclf-organising, meaning that the three-dimensional
arrangement of the cells in the organoid occurs spontancously as the cells differentiate. In some
embodiments, a differentiated organoid is derived from epithelial stem cells, optionally expressing

Lgrs.

In one embodiment, the invention provides a differentiated organoid or a population of one or more
differentiated cells obtainable or obtained by a method of the invention, for example, which
comprises culturing progenitor cells in a differentiation medium of the invention, preferably

wherein the progenitor cells are in contact with a three-dimensional ECM.

A ‘population’ of cells is any number of cells greater than 1, but is preferably at least 10 cells, at
least 50 cells, at least 100 cells, at least 500 cells, at least 1x10° cells, at least 1x10* cells, at least

1x10° cells, at least 1x10° cells, at least 1x107 cells, at least 1x10® cells, or at least 1x10° cells.

A differentiated organoid according to the present invention may comprise a population of cells of

at least 10 cells, at least 50 cells, at least 100 cells, at least 500 cells, at least 1x10° cells, at least 1 x
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107 cells, at least 1x10° cells, at least 1x10° cells, at least 1x10” cells or more. In some
embodiments, each organoid comprises between approximately 1x10° cells and 5x10° cells;

generally, 10-20 organoids may be grown together in one well, for example of a 24 well plate.

It is clear to the skilled person that an organoid of the invention is not a naturally occurring tissue
fragment and/or does not comprise a blood vessel. For example, in the case of a liver organoid of
the invention, it does not comprise a naturally occurring liver lobule or a naturally occurring bile

duct.

Organoids of the invention are, for example, distinguished from naturally occurring tissue because
they comprise only epithelial cell types (and not mesenchymal cells or other structural cell types).
Thus in some embodiments, the differentiated organoid of the invention comprises only epithelial
cells. In some embodiments, the differentiated organoids do not comprise non-epithelial cells. For
example, in a particular embodiment, the differentiated organoids do not comprise mesenchymal

cells.

The differentiation medium described herein preferably induces or promotes a specific
differentiation of cells during at least five days of culture. Differentiation may be measured by
detecting the presence of a specific marker associated with the particular tissue lineage, e.g. the
liver lineage, as defined herein. Differentiation may be measured by detecting the presence of a
specific marker associated with the tissue lineage, e.g. the liver lineage, as defined herein.
Depending on the identity of the marker, the expression of said marker may be assessed by RTPCR
or immuno-histochemistry after at least 5, 7, 8,9, 10, 11, 12, 13, 14, 15, 16 or more days of culture

in a differentiation medium as defined herein.

The term “expressed” is used to describe the presence of a marker within a cell. In order to be
considered as being expressed, a marker must be present at a detectable level. By “detectable level”
is meant that the marker can be detected using one of the standard laboratory methodologies such as
PCR, blotting or FACS analysis. A gene is considered to be expressed by a cell of the population of
the invention if expression can be reasonably detected after 30 PCR cycles, which corresponds to an
expression level in the cell of at least about 100 copies per cell. The terms “express’ and
“expression” have corresponding meanings. At an expression level below this threshold, a marker is
considered not to be expressed. The comparison between the expression level of a marker in a cell
of the invention, and the expression level of the same marker in another cell, such as for example an
embryonic stem cell, may preferably be conducted by comparing the two cell types that have been
isolated from the same species. Preferably this species is a mammal, and more preferably this
species is human. Such comparison may conveniently be conducted using a reverse transcriptase

polymerase chain reaction (RT-PCR) experiment.
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The differentiated organoid of the invention or the population of differentiated cells of the invention
preferably comprises at least 50% viable cells, more preferred at least 60% viable cells, more
preferred at least 70% viable cells, more preferred at least 80% viable cells, more preferred at least
90% viable cells. Viability of cells may be assessed using Hoechst staining or Propidium lodide
staining in FACS. The viable cells preferably possess corresponding in vivo functions or
characteristics. For example, viable liver cells preferably possess hepatic functions or characteristics

or hepatocytes.

In some embodiments, the organoid is a liver, pancreas, intestine, stomach, prostate, lung, breast,
ovary, salivary gland, hair follicle, skin, oesophagus, ear, bladder or thyroid organoid. This means
that the organoid is derived from liver, pancreas, intestine, stomach, prostate, lung, breast, ovary,
salivary gland, hair follicle, skin, oesophagus, ear, bladder or thyroid cells. In some embodiments,
the organoid is a liver or pancreas organoid. In preferred embodiments, the organoid is a liver

organoid.

In some embodiments, the population of differentiated cells of the invention is derived from liver,
pancreas, intestine, stomach, prostate, lung, breast, ovary, salivary gland, hair follicle, skin,
oesophagus, ear, bladder or thyroid cells. In some embodiments, the population of differentiated
cells is derived from liver or pancreas cells. In preferred embodiments, the differentiated population

of cell is derived from liver cells.

The inventors have shown that liver organoids obtained by the methods of the invention are
improved because a greater proportion of the cells in these organoids are differentiated than in the
differentiated liver organoids previously described in W02012/014076 and WO 2015/173425 and a
greater proportion of the cells in these organoids are differentiated than in the liver organoids
differentiated in the old differentiation medium (DM) described in Example 1 (e.g. a greater
proportion of the cell population in the organoids of the invention express hepatocyte markers). In
addition, the differentiated cells in the organoids of the invention more closely resemble
hepatocytes than the differentiated cells in the differentiated liver organoids previously described in
W02012/014076 and WO 2015/173425 and the differentiated cells in the organoids of the
invention more closely resemble hepatocytes than the differentiated cells in the liver organoids
differentiated in the old differentiation medium (DM) described in Example 1 (e.g. the average
expression level of hepatocyte markers in individual differentiated cells in the organoids of the
invention is higher). Furthermore, the liver organoids have reduced biliary fate commitment
compared to liver organoids previously described in W02012/014076 and WO 2015/173425, or

liver organoids differentiated in the old differentiation medium (DM) described in Example 1.
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In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least
70%, at least 80%, at least 90% or at least 99% of the cells express hepatocyte markers (e.g.
albumin, HNF4a, ASGPR, CYP1A2 and/or CYP3A4). In some embodiments, mRNA expression is

measured by immunofluorescence staining.

In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at
least 70%, at least 80%, at least 90% or at least 99% of the cells express hepatocyte markers (e.g.
albumin, HNF4a, ASGPR, CYP1A2 and/or CYP3A4). In some embodiments, mRNA expression is

measured by immunofluorescence staining.

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which there are at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%,
at least 70%, at least 80%, at lecast 90% or at least 100%, at least 200% or at least 300% more cells
expressing hepatocyte markers (e.g. albumin, HNF4a, ASGPR, CYP1A2 and/or CYP3A4), than the
corresponding liver organoid differentiated in the previous DM medium (described in Example 1).
In some embodiments, mRNA expression is measured by immunofluorescence staining. In this
context, “corresponding liver organoid” means a liver organoid from the same source, ¢.g. derived
from the same organoid culture and the same individual’s cells. The same definition applies

elsewhere in this section.

In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which there are at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90% or at least 100%, at least 200% or at least 300% more
cells expressing hepatocyte markers (e.g. albumin, HNF4a, ASGPR, CYP1A2 and/or CYP3A4),
than the corresponding population of liver cells differentiated in the previous DM medium
(described in Example 1). In some embodiments, mRNA expression is measured by
immunofluorescence staining. In this context, “corresponding population of liver cells” means a
population of liver cells from the same source, i.e. derived from the same cell culture and the same

individual’s cells. The same definition applies elsewhere in this section.

As outlined in detail below, the differentiated liver organoid or the population of differentiated liver
cells may be defined based on the mRNA expression level of various markers (e.g. albumin, HNF4,
SerpinA1, ASPGR, CyplA2, Cyp3A4, CK7 and/or CK19) relative to the mRNA expression level
of a house-keeping gene (e.g. GAPDH). In some embodiments, the mRNA expression levels of one
or more of these markers and the house-keeping gene are determined using RT-PCR. In some

embodiments, the determination comprises: (a) isolation of mRNA from the differentiated liver
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organoid of the invention or the population of differentiated liver cells of the invention, (b) reverse
transcription of the isolated mRNA into cDNA, (c) PCR amplification of cDNA that corresponds to
(1) the marker of interest (e.g. albumin, HNF4, SerpinAl, ASPGR, Cypl1A2, Cyp3A4, CK7 or
CK19) and (ii) the house-keeping gene (e.g. GAPDH) and (d) quantification of the amount of PCR
product obtained from PCR amplification of cDNA that corresponds to the marker of interest (e.g.
albumin, HNF4, SerpinA1, ASPGR, CyplA2, Cyp3A4, CK7 or CK19) relative to the amount of
PCR product obtained from PCR amplification of cDNA that corresponds to the house-keeping
gene (e.g. GAPDH).

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the mRNA expression level of albumin is at least 1.0x1072, at least 1.0x10™, at least

1.0x10°, at least 1.0x10" or at least 5.0x10! (relative to GAPDH expression).

In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which the mRNA expression level of albumin is at least 1.0x107, at least 1.0x107, at least
1.0x10°, at least 1.0x10" or at least 5.0x10! (relative to GAPDH expression).

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the mRNA expression level of HNF4a is at least 0.002, at least 0.003, at least 0.004, at
least 0.005, at least 0.006, at least 0.007, at least 0.008, at least 0.009, or at least 0.01 (relative to
GAPDH expression).

In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which the mRNA expression level of HNF4a is at least 0.002, at least 0.003, at least 0.004,
at least 0.005, at least 0.006, at least 0.007, at least 0.008, at least 0.009, or at least 0.01 (relative to
GAPDH expression).

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the mRNA expression level of SerpinAl is at least 1, at lcast 2, at least 3, at least 4, at
least 5, at least 6, at least 7, at least 8, at least 9 or at least 10 (relative to GAPDH expression).

In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which the mRNA expression level of SerpinAl is at least 1, at least 2, at least 3, at least 4, at

least 5, at least 6, at least 7, at least 8, at least 9 or at least 10 (relative to GAPDH expression).

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the mRNA expression level of ASPGR is at least 0.001, at least 0.002, at least 0.003, at
least 0.004, at least 0.005, at least 0.006, at least 0.007, at least 0.008, at least 0.009, at least 0.01, at
least 0.02, at least 0.03, at least 0.04, at least 0.05, at least 0.06, at least 0.07, at least 0.08, at

least 0.09 or at least 0.1 (relative to GAPDH expression).
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In some embodiments, the population of differentiated cells is a population of differentiated liver

cells.

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the mRNA expression level of Cyp1A2 is at least 2.0x107, at least 3.0x107, at least
4.0x107°, at least 5.0x107, at least 6.0x107, at least 7.0x107, at least 8.0x107, at least 9.0x10, at
least 1.0x10%, at least 2.0x10™, at least 3.0x107, at least 4.0x10™, at least 5.0x10, at least 7.0x10,
at least 1.0x107, at least 5.0x107, at least 1.0x107, or at least 5.0x107 (relative to GAPDH

expression).

In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which the mRNA expression level of Cypl1AZ2 is at least 2.0x107, at least 3.0x107, at least
4.0x107, at least 5.0x107, at least 6.0x107, at least 7.0x107, at least 8.0x107, at least 9.0x10, at
least 1.0x10%, at least 2.0x10™, at least 3.0x10, at least 4.0x10, at least 5.0x10, at least 7.0x10,
at least 1.0x107, at least 5.0x107, at least 1.0x107, or at least 5.0x107 (relative to GAPDH

expression).

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the mRNA expression level of Cyp3A4 is at least 0.1, at least 0.2, at least 0.3, at least 0.4,
at least 0.5, at least 0.6, at least 0.7, at least 0.8, at least 0.9 or at least 1.0 (relative to GAPDH
expression). In some embodiments, the differentiated organoid of the invention is a differentiated
liver organoid in which the mRNA expression level of Cyp3A4 is at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least

99% of the expression level found in normal human hepatocytes.

In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which the mRNA expression level of Cyp3A4 is at least 0.1, at least 0.2, at least 0.3, at least
0.4, at least 0.5, at least 0.6, at least 0.7, at least 0.8, at least 0.9 or at least 1.0 (relative to GAPDH
expression). In some embodiments, the differentiated organoid of the invention is a differentiated
liver organoid in which the mRNA expression level of Cyp3A4 is at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least

99% of the expression level found in normal human hepatocytes.

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the mRNA expression level of CK7 is less than 0.08, less than 0.07, less than 0.06, less
than 0.05, less than 0.04, less than 0.03, less than 0.02, less than 0.01, less than 0.009, less than
0.008, less than 0.007, less than 0.006, less than 0.003, less than 0.004, less than 0.003 or less than
0.002 (relative to GAPDH expression).
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In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which the mRNA expression level of CK7 is less than 0.08, less than 0.07, less than 0.06,
less than 0.05, less than 0.04, less than 0.03, less than 0.02, less than 0.01, less than 0.009, less than
0.008, less than 0.007, less than 0.006, less than 0.005, less than 0.004, less than 0.003 or less than
0.002 (relative to GAPDH expression).

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the mRNA expression level of CK19 is less than 0.03, less than 0.02, less than 0.01, less
than 0.009, less than 0.008, less than 0.007, less than 0.006, less than 0.005, less than 0.004, less
than 0.003 or less than 0.002 (relative to GAPDH expression). In some embodiments, the mRNA
expression level of CK19 is less than 10-fold, less than 9-fold, less than 8-fold, less than 7-fold, less
than 6-fold, less than 5-fold, less than 4-fold, less than 3-fold or less than 2-fold higher than the

mRNA expression level of CK19 in normal human hepatocytes.

In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which the mRNA expression level of CK19 is less than 0.03, less than 0.02, less than 0.01,
less than 0.009, less than 0.008, less than 0.007, less than 0.006, less than 0.0053, less than 0.004,
less than 0.003 or less than 0.002 (relative to GAPDH expression). In some embodiments, the
mRNA expression level of CK19 is less than 10-fold, less than 9-fold, less than 8-fold, less than
7-fold, less than 6-fold, less than 5-fold, less than 4-fold, less than 3-fold or less than 2-fold higher
than the mRNA expression level of CK19 in normal human hepatocytes.

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the average Cyp3A4 activity is at least 10%, at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 99% of the average

Cyp3A4 activity found in normal human hepatocytes.

In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which the average Cyp3A4 activity is at least 10%, at least 20%, at least 30%, at least 40%,
at least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 99% of the average

Cyp3A4 activity found in normal human hepatocytes.

In some embodiments, Cyp3A4 activity is measured using a P450-Glo™ assay (Promega). A
P450-Glo™ assay comprises a luminescent method for measuring cytochrome P450 activity. In
particular, a conventional cytochrome P450 reaction is performed by incubating the cytochrome
P450 and a luminogenic cytochrome P450 substrate. The substrates of the P450-Glo™ assays are
derivatives of beetle luciferin. The derivatives are converted by cytochrome P450s to luciferin,

which in turn reacts with luciferase to produce light. The amount of light produced is directly
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proportional to cytochrome P450 activity. In some embodiments, the unit of measurement for

Cyp3A4 activity is luminescence/ml/1000 cells.

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the level of albumin secretion is at least 1%, at least 2%, at least 3%, at least 5%, at least
10%, at least 30%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%,
at least 90% or at least 99% of the level of albumin secretion found in normal human hepatocytes.
In some embodiments, the unit of measurement for albumin secretion is ng/10° cells/24 hours. In
some embodiments, the level of albumin secretion is at least 100 ng/10° cells/24 hours, at least 200
ng/10° cells/24 hours, at least 500 ng/10° cells/24 hours, at least 1000 ng/10° cells/24 hours or at
least 2000 ng/10° cells/24 hours.

In some embodiments, albumin secretion is measured by an enzyme linked immunosorbent assay
(ELISA). For example, a Human Albumin ELISA Kit (Bethyl Laboratories, Inc.) may be used,
which is based on a sandwich ELISA. The principles upon which the Human Albumin ELISA Kit is
based are set out in the following paragraph. However, any suitable ELISA kit may be used.

Human albumin present in the test sample may be captured by anti-human albumin antibody that
has been pre-adsorbed on the surface of microtiter wells. After sample binding, unbound proteins
and molecules are washed off, and a biotinylated detection antibody is added to the wells to bind to
the captured albumin. A strepavidin-conjugated horseradish peroxidase (SA-HRP) is then added to
catalyze a colorimetric reaction with the chromogenic substrate TMB (3,3°,5,5°-
tetramethylbenzidine). The colorimetric reaction produces a blue product, which turns yellow when
the reaction is terminated by addition of dilute sulfuric acid. The absorbance of the yellow product
at 450 nm is proportional to the amount of albumin analyte present in the sample and a four-
parameter standard curve can be generated. The albumin concentrations in the test samples can then
be quantified by interpolating their absorbance from the standard curve generated in parallel with
the samples. After factoring sample dilutions, the albumin concentrations in the original sample can

finally be calculated.
An overview of an exemplary procedure for the Human Albumin ELISA Kit is provided below:

(1) Add 100 pl of standard or sample to designated wells. Run each standard or sample in
duplicate.

(2) Cover the plate and incubate at room temperature (20-25°C) for 1 hour.
(3) Wash the plate four times.

(4) Add 100 pl of anti-albumin detection antibody to each well.
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(5) Cover the plate and incubate at room temperature for 1 hour.

(6) Wash the plate four times.

(7) Add 100 pl of HRP Solution A to each well.

(8) Cover the plate and incubate at room temperature for 30 minutes.
(9) Wash the plate four times.

(10) Add 100 pul of TMB substrate solution to each well.

(11) Incubate the plate in the dark at room temperature for 30 minutes.
(12) Stop the reaction by adding 100 pl of stop solution to each well.
(13) Measure absorbance on a plate reader at 450 nm.

In some embodiments, the population of differentiated cells is a population of differentiated liver
cells in which the level of conversion of Midazolam to 1-OH-Midazolam is at least 1 mg/L/10°
cells, at least 1.5 mg/L/10° cells, at least 2 mg/L/10° cells, at least 2.5 mg/L/10° cells, at least 3
mg/L/10° cells, at least 3.5 mg/L/10° cells, or at least 4 mg/L/10° cells.

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid
in which the level of conversion of Midazolam to 1-OH-Midazolam is at least 1 mg/L/10° cells, at
least 1.5 mg/L/10° cells, at least 2 mg/L/10° cells, at least 2.5 mg/L/10° cells, at least 3 mg/L/10°
cells, at least 3.5 mg/L/10° cells, or at least 4 mg/L/10° cells.

In some embodiments, the differentiated liver organoid of the invention or the population of
differentiated liver cells has at least 5%, at least 10%, at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 100%, at least 2-fold, at
least 5-fold, at least 10-fold or at least 100-fold greater expression of one or more (or all) hepatocyte
markers selected from albumin, HNF4a, ASGPR, CYP1A2 and CYP3A4, compared to the
corresponding liver organoid or population of differentiated liver cells differentiated in the previous
DM medium (described in Example 1) as determined using a suitable mRNA expression assay (e.g.

as described herein).

In some embodiments, the differentiated liver organoid of the invention or the population of
differentiated liver cells has at least 5%, at least 10%, at lcast 20%, at least 30%, at lcast 40%, at
least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 100%, at least 2-fold, at
least 5-fold, at least 10-fold or at least 100-fold lower expression of one or more biliary marker

selected from CK7 and/or CK19, compared to the corresponding liver organoid or population of
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differentiated liver cells differentiated in the previous DM medium (described in Example 1) as

determined using a suitable mRNA expression assay (e.g. as described herein).

In some embodiments, the differentiated liver organoid of the invention or the population of
differentiated liver cells has at least 5%, at least 10%, at lcast 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 100%, at least 2-fold, at
least 3-fold or at least 5-fold greater midazolam metabolism, compared to the corresponding liver
organoid or population of differentiated liver cells differentiated in the previous DM medium
(described in Example 1), as determined using a suitable assay for midazolam metabolism (e.g. as

known in the art).

In some embodiments, the differentiated liver organoid of the invention or the population of
differentiated liver cells has average Cyp3A4 activity which is at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least
100%, at least 2-fold, at least 5-fold, at least 10-fold or at least 100-fold, compared to the
corresponding liver organoid or population of differentiated liver cells differentiated in the previous
DM medium (described in Example 1), as determined using a suitable assay for Cyp3A4 activity

(e.g. as using a P450-Glo™ assay (Promega), as described herein).

In some embodiments, the differentiated liver organoid of the invention or the population of
differentiated liver cells has average Cypl A2 activity which is at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least
100%, at least 2-fold, at least 5-fold, at least 10-fold or at least 100-fold, compared to the
corresponding liver organoid or population of differentiated liver cells differentiated in the previous
DM medium (described in Example 1), as determined using a suitable assay for Cypl1 A2 activity

(c.g. using a P450-Glo™ assay (Promega), as described herein).

In some embodiments, the differentiated liver organoid of the invention or the population of
differentiated liver cells has a level of albumin secretion is at least at least 10%, at least 20%, at
least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at
least 100%, at least 2-fold, at least 5-fold, at least 10-fold or at least 100-fold, compared to the
corresponding liver organoid or population of differentiated liver cells differentiated in the previous
DM medium (described in Example 1), as determined using a suitable assay for albumin secretion

(e.g. a Human Albumin ELISA Kit (Bethyl Laboratories, Inc.), as described herein).

In some embodiments, the differentiated organoid of the invention is a differentiated liver organoid

in which one or more (e.g. one, two, three, four or five) of the following cell types is absent: liver
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macrophages, Kupffer cells, hepatic stellate cells, endothelial cells, smooth muscle cells and

fibroblasts.

In some embodiments, the differentiated organoid has a cystic structure with a central lumen. In

some embodiments the central lumen is surrounded by an epithelial monolayer.

In some embodiments, the differentiated organoid is a differentiated liver organoid that does not

comprise blood vessels or formed bile ducts.

In some embodiments, the differentiated organoid is a differentiated liver organoid in which the

hepatocytes are integrated in an epithelial monolayer.

In some embodiments, the differentiated organoid is a differentiated liver organoid with one or
more of the following characteristics: (a) it has a cystic structure with a central lumen surrounded
by an epithelial monolayer; (b) one or more (e.g. one, two, three, four or five) of the following cell
types is absent: liver macrophages, Kupffer cells, hepatic stellate cells, endothelial cells, smooth
muscle cells and fibroblasts; (c) it does not comprise blood vessels or formed bile ducts; and (d) the

hepatocytes are integrated in an epithelial monolayer.
In some embodiments, the differentiated organoid is a differentiated liver organoid that is spherical.

In some embodiments, the differentiated organoid is a differentiated liver organoid that is

0.02-3 mm in diameter.

In some embodiments, the differentiated organoid is a differentiated liver organoid that exhibits one
or more of the following functions: (i) secretory, metabolic and/or anabolic hepatocyte functions

and (i1) secretory, metabolic and/or anabolic cholangyocyte functions.

In some embodiments, the differentiated organoid is a differentiated liver organoid that does not
exhibit one or more of the following functions: (i) bile production; (i) bile transport; and (iii) blood

filtration.

Also provided is a differentiated organoid or a differentiated population of liver epithelial cells of

the invention in a differentiation medium of the invention.

In one embodiment, there is provided an organoid in a differentiation medium, for example as

described herein.

In an embodiment, a differentiated organoid is an organoid which is still being cultured using a
method of the invention and is therefore in contact with an extracellular matrix. Preferably, a

differentiated organoid is embedded in a non-mesenchymal extracellular matrix.
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The organoid or population of progenitor cells may be from any mammalian tissue, but is preferably
from a human. In some embodiments, it is from a mouse, rabbit, rat, guinea pig or other non-human

mammal.

Table 3 — differences between differentiated liver organoids and primarv liver tissue

Differentiated organoid Primary tissue

Morphology Cystic structures with central lumen Solid organ divided into

surrounded by epithelial monolayer. No | lobes and hexagonal lobules

blood vessels or formed bile ducts (smallest functional unit).
present. Hepatocytes are integrated in Blood vessels and bile ducts
epithelial monolayer. are arranged in regular

patterns around hepatocytes.
Hepatocytes form stacked 3d

structures.

Size Organoid: Spheric, 0.02-3 mm diameter | Liver lobule: hexagonal 0.7 —

2 mm diameter

Cell composition | Biliary cells (Cholangyocytes), Biliary cells, Hepatocytes,
Hepatocytes, undifferentiated liver stem | liver macrophages, Kupffer
cells and progenitors cells, hepatic stellate cells,
endothelial cells, smooth

muscle cells, fibroblasts

Functions Secretory, metabolic and anabolic Secretory, metabolic and
hepatocyte and cholangyocyte functions | anabolic hepatocyte and
cholangyocyte functions, bile
production, bile transport,

blood filtration

Uses of the differentiated organoids

Uses of the organoids described herein and cells derived from the organoids are likewise provided.
Where organoids are referred to in this section, these are differentiated organoids in accordance
with the invention. It will be understood by the skilled person that may of uses are also applicable to
a population of differentiated cells obtained and/or obtainable by the methods of the invention. Such
uses of the population of differentiated cells obtained and/or obtainable by the methods of the

invention are also provided.
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For example, the invention provides the use of a differentiated organoid, or a cell derived from said
organoid, in a drug discovery screen; toxicity assay; research of tissue embryology, cell lineages,
and differentiation pathways; gene expression studies including recombinant gene expression;
research of mechanisms involved in tissue injury and repair; research of inflammatory and
infectious diseases; studies of pathogenetic mechanisms; or studies of mechanisms of cell

transformation and actiology of cancer.

The invention also provides an organoid of the invention, or a cell derived from said organoid, for

use in medicine.

The invention also provides an organoid of the invention, or a cell derived from said organoid, for

use in treating a disorder, condition or disease.

The invention also provides an organoid of the invention, or a cell derived from said organoid for
use in regenerative medicine, for example, wherein the use involves transplantation of the organoid

or cell into a patient.

The invention provides the use of an organoid of the invention or cells derived from said organoid
in drug screening, (drug) target validation, (drug) target discovery, toxicology and toxicology
screens, personalized medicine, regenerative medicine and/or as ex vivo cell/organ models, such as

disease models.

Cells and organoids cultured according to the media and methods of the invention are thought to
faithfully represent the in vivo situation. This is true both for differentiated populations of cells and
organoids grown from normal tissue and for differentiated populations of cells and organoids grown
from diseased tissue. Therefore, as well as providing normal ex vivo cell/organ models, the

organoids of the invention can be used as ex vivo disease models.

Organoids of the invention can also be used for culturing of a pathogen and thus can be used as ex
vivo infection models. Examples of pathogens that may be cultured using an organoid of the
invention include viruses, bacteria, prions or fungi that cause disease in its animal host. Thus an
organoid of the invention can be used as a discase model that represents an infected state. In some
embodiments of the invention, the organoids can be used in vaccine development and/or

production.

Discases that can be studied by the organoids of the invention thus include genetic diseases,
metabolic diseases, pathogenic diseases, inflammatory diseases etc, for example including, but not
limited to: cystic fibrosis, inflammatory bowel disease (such as Crohn’s disease), carcinoma,
adenoma, adenocarcinoma, colon cancer, diabetes (such as type I or type II), Barrett’s esophagus,

Gaucher’s disease, alpha-1-antitrypsin deficiency, Lesch-Nyhan syndrome, anaemia, Schwachman-
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Bodian-Diamond syndrome, polycythacmia vera, primary myelofibrosis, glycogen storage disease,
familial hypercholestrolaemia, Crigler-Najjar syndrome, hereditary tyrosinanacmia, Pompe disease,
progressive familial cholestasis, Hreler syndrome, SCID or leaky SCID, Omenn syndrome,
Cartilage-hair hypoplasia, Herpes simplex encephalitis, Scleroderma, Osteogenesis imperfecta,

Becker muscular dystrophy, Duchenne muscular dystrophy, Dyskeratosis congenitor etc.

Traditionally, cell lines and more recently iPS cells have been used as ex vivo cell/organ and/or
disease models (for example, see Robinton et al. Nature 481, 295, 2012). However, these methods
suffer a number of challenges and disadvantages. For example, cell lines cannot be obtained from
all patients (only certain biopsies result in successful cell lines) and therefore, cell lines cannot be
used in personalised diagnostics and medicine. iPS cells usually require some level of genetic
manipulation to reprogramme the cells into specific cell fates. Alternatively, they are subject to
culture conditions that affect karotypic integrity and so the time in culture must be kept to a
minimum (this is also the case for human embryonic stem cells). This means that iPS cells cannot
accurately represent the in vivo situation but instead are an attempt to mimic the behaviour of in

vivo cells. Cell lines and iPS cells also suffer from genetic instability.

By contrast, the organoids of the invention provide a genetically stable platform which faithfully
represents the in vivo situation. In some embodiments, the organoids of the invention comprise all
differentiated cell types that are present in the corresponding in vivo situation. In other
embodiments, the organoids of the invention may be further differentiated to provide all
differentiated cell types that are present in vivo. Thus the organoids of the invention can be used to
gain mechanistic insight into a variety of diseases and therapeutics, to carry out in vitro drug
screening, to evaluate potential therapeutics, to identify possible targets (e.g. proteins) for future
novel (drug) therapy development and/or to explore gene repair coupled with cell-replacement

therapy.

The organoids of the invention can be frozen and thawed and put into culture without losing their
genetic integrity or phenotypic characteristics and without loss of proliferative capacity. Thus the
organoids can be casily stored and transported. Thus in some embodiments, the invention provides a

frozen organoid.

For these reason the organoids or differentiated populations of cells of the invention can be a tool
for drug screening, target validation, target discovery, toxicology and toxicology screens and

personalized medicine.

Accordingly, in a further aspect, the invention provides the use of an organoid or cell derived from

said organoid according to the invention in a drug discovery screen, toxicity assay or in medicine,
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such as regenerative medicine. For example, any one of the small intestinal, colon, pancreatic,
gastric, liver or prostate organoids may be used in a drug discovery screen, toxicity assay or in

medicine, such as regenerative medicine.
Mucosal vaccines

An additional important use of the organoids is in the development of mucosal vaccinations.
Mucosal vaccines are vaccines that are administered via the mucosa. This can be any mucosal
surface such as via the nose, mouth, or rectum. They can be administered via an inhaler, a spray or
other external aids. This has several clear benefits over injections such as that no medical staff are
needed for administering the vaccine, which may be important, for example in developing

countries.

In the intestine, M cells (or “microfold cells”) are cells found in the follicle-associated epithelium of
the aggregated lymphoid nodules of the ileum. They transport organisms and particles from the gut
lumen to immune cells across the epithelial barrier, and thus are important in stimulating mucosal
immunity. They have the unique ability to take up antigen from the lumen of the small intestine via
endocytosis or phagocytosis, and then deliver it via transcytosis to dendritic cells (an antigen
presenting cell) and lymphocytes (namely T cells) located in a unique pocket-like structure on their

basolateral side.

Organoids can in some cases develop into M cells when stimulated with RANK ligand (e.g. see
figure 49 of W02012/169830). Therefore, in some embodiments of the invention, the differentiated
cell population comprises M cells. In some embodiments of the invention, an organoid comprises M
cells. In some embodiments, there is provided a method for obtaining M cells or an organoid

comprising M cells, wherein the method comprises stimulating an organoid with RANK ligand.

The efficiency of mucosal vaccines can be substantially increased when they are targeted to M cells.
Therefore, the differentiated cell population or organoid of the invention can be used for testing the
ability of M cells to take up pathogens or antigens and to present them to the immune system.
Therefore, in some embodiments the invention provides the use of an organoid of the invention in
drug screening, for example in vaccine development and/or vaccine production. For example, in
some embodiments the organoid may be used for the development or production of vaccines against
viral, bacterial, fungal or other parasitic infections, for example (but not limited to) cholera,
Respiratory syncytial virus (RSV), Rotavirus and HIV. In a particular embodiment, the invention
provides organoids that have been differentiated in a culture medium of the invention comprising

RANKL, for use in mucosal vaccine development.
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Drug screening

For preferably high-throughput purposes, said organoid of the invention is cultured in multiwell
plates such as, for example, 96 well plates or 384 well plates. Libraries of molecules are used to
identify a molecule that affects said organoids. Preferred libraries comprise antibody fragment
libraries, peptide phage display libraries, peptide libraries (e.g. LOPAP™, Sigma Aldrich), lipid
libraries (BioMol), synthetic compound libraries (¢.g. LOP AC™, Sigma Aldrich) or natural
compound libraries (Specs, TimTec). Furthermore, genetic libraries can be used that induce or
repress the expression of one of more genes in the progeny of the stem cells. These genetic libraries
comprise cDNA libraries, antisense librarics, and siRNA or other non-coding RNA libraries. The
cells are preferably exposed to multiple concentrations of a test agent for a certain period of time.
At the end of the exposure period, the cultures are evaluated. The term "affecting” is used to cover
any change in a cell, including, but not limited to, a reduction in, or loss of, proliferation, a
morphological change, and cell death. Said organoid of the invention can also be used to identify

drugs that specifically target epithelial carcinoma cells, but not said organoid of the invention.

The ability to obtain a useful organoid of the invention in short time periods (days) shows that the
organoids would be highly useful for testing individual patient responses to specific drugs and
tailoring treatment according to the responsiveness. In some embodiments, wherein the organoid is
obtained from a biopsy from a patient, the organoid is cultured for less than 21 days, for example
less than 14 days, less than 13 days, less than 12 days, less than 11 days, less than 10 days, less than
9 days, less than 8 days, less than 7 days (etc).

The organoids are also useful for wider drug discovery purposes (e.g. see W0O2013/093812 which
describes screening for drugs for cystic fibrosis or cholera). Therefore, in some embodiments, the
organoids of the invention could be used for screening for cystic fibrosis drugs. However, it will be
understood by the skilled person that the organoids of the invention would be widely applicable as
drug screening tools for infectious, inflammatory and neoplastic pathologies of the human
gastrointestinal tract and other discases of the gastrointestinal tract and infectious, inflammatory and
neoplastic pathologies and other diseases of other tissues described herein including pancreas, liver
and prostate. In some embodiments the organoids of the invention could be used for screening for

cancer drugs.

In some embodiments, the organoids of the invention can be used to test libraries of chemicals,
antibodies, natural product (plant extracts), etc for suitability for use as drugs, cosmetics and/or
preventative medicines. For instance, in some embodiments, a cell biopsy from a patient of interest,
such as tumour cells from a cancer patient, can be cultured using culture media and methods of the

invention and then treated with a a chemical compound or a chemical library. It is then possible to
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determine which compounds effectively modify, kill and/or treat the patient’s cells. This allows
specific patient responsiveness to a particular drug to be tested thus allowing treatment to be

tailored to a specific patient. Thus, this allows a personalized medicine approach.

The added advantage of using the organoids for identifying drugs in this way is that it is also
possible to screen normal organoids (organoids derived from healthy tissue) to check which drugs
and compounds have minimal effect on healthy tissue. This allows screening for drugs with

minimal off-target activity or unwanted side-effects.

Drugs for any number of diseases can be screened in this way. For example the organoids of the
invention can be used for screening for drugs for cystic fibrosis, Barrett’s esophagus, carcinomas,
adenocarcinomas, adenomas, inflammatory bowel disease (such as Crohn’s disease), liver disease
ctc. The testing parameters depend on the discase of interest. For example, when screening for
cancer drugs, cancer cell death is usually the ultimate aim. For cystic fibrosis, measuring the
expansion of the organoids in response to the drugs and stimuli of CFTR is of interest. In other
embodiments, metabolics or gene expression may be evaluated to study the effects of compounds

and drugs of the screen on the cells or organoids of interest.

Therefore, the invention provides a method for screening for a therapeutic or prophylactic

pharmaceutical drug or cosmetic, wherein the method comprises:

contacting a differentiated cell population or organoid with a candidate molecule (or a

library of candidate molecules,

evaluating said differentiated cell populations or organoid for any effects (e.g. any change in
the cell, such as a reduction in or loss of proliferation, a morphological change and/or cell death) or

a change in organoid (e.g. the organoid size or motility);

identifying the candidate molecule that causes said effects as a potential drug or cosmetic;

and optionally
preparing said candidate molecule as pharmaceutical or cosmetic.

In some embodiments, the invention provides a method for preparing a pharmaceutical or cosmetic,

wherein the method comprises:

contacting a differentiated cell population or organoid with a candidate molecule (or a

library of candidate molecules,

evaluating said differentiated cell populations or organoid for any effects (e.g. any change in
the cell, such as a reduction in or loss of proliferation, a morphological change and/or cell death) or

a change in organoid (¢.g. the organoid size or motility);
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identifying the candidate molecule that causes said effects as a potential drug or cosmetic;

and optionally
preparing said candidate molecule as pharmaceutical or cosmetic.

In some embodiments, computer- or robot-assisted culturing and data collection methods are
employed to increase the throughput of the screen. In some embodiments, the organoid is derived
from a patient biopsy. In some embodiments, the candidate molecule that causes a desired effect on

the cultured differentiated cell population (for example, an organoid) is administered to said patient.
Accordingly, in one aspect, there is provided a method of treating a patient comprising:

(a) obtaining a biopsy from the diseased tissue of interest in the patient;
(b) culturing the biopsy to obtain an organoid;
(c) screening for a suitable drug using a screening method of the invention; and

(d) treating said patient with the drug obtained in step (c).

In some embodiments, the drug or cosmetic is used for treating, preventing or ameliorating
symptoms of genectic discases, metabolic diseases, pathogenic diseases, inflammatory diseases etc,
for example including, but not limited to: cystic fibrosis, inflammatory bowel discase (such as
Crohn’s disease), carcinoma, adenoma, adenocarcinoma, colon cancer, diabetes (such as type I or
type I1), Barrett’s esophagus, Gaucher’s disases, alpha-1-antitrypsin deficiency, Lesch-Nyhan
syndrome, anacmia, Schwachman-Bodian-Diamond syndrome, polycythacmia vera, primary
myelofibrosis, glycogen storage disease, familial hypercholestrolaemia, Crigler-Najjar syndrome,
hereditary tyrosinanaemia, Pompe disease, progressive familial cholestasis, Hreler syndrome, SCID
or leaky SCID, Omenn syndrome, Cartilage-hair hypoplasia, Herpes simplex encephalitis,
Scleroderma, Osteogenesis imperfecta, Becker muscular dystrophy, Duchenne muscular dystrophy,

Dyskeratosis congenitor etc.

In some embodiments, the invention provides methods for screening for drugs for regenerative

medicine, e.g. drugs for regenerating the liver.
Target discovery

In some embodiments, the organoids of the invention can be used for target discovery. Cells of the
organoids originating from healthy or diseased tissuc may be used for target identification. The
organoids of the invention may be used for discovery of drug targets for cystic fibrosis,
inflammatory bowel disease (such as Crohn’s disease), carcinoma, adenoma, adenocarcinoma,
colon cancer, diabetes (such as type I or type II), Barrett’s esophagus Gaucher’s discase, alpha-1-
antitrypsin deficiency, Lesch-Nyhan syndrome, anaemia, Schwachman-Bodian-Diamond syndrome,

polycythaemia vera, primary myelofibrosis, glycogen storage disease, familial
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hypercholestrolaecmia, Crigler-Najjar syndrome, hereditary tyrosinanaemia, Pompe discase,
progressive familial cholestasis, Hreler syndrome, SCID or leaky SCID, Omenn syndrome,
Cartilage-hair hypoplasia, Herpes simplex encephalitis, Scleroderma, Osteogenesis imperfecta,
Becker muscular dystrophy, Duchenne muscular dystrophy, Dyskeratosis congenitor etc. Organoids
cultured according to the media and methods of the invention are thought to faithfully represent the
in vivo situation. For this reason they can be a tool to find novel (molecular) targets in specific

diseases.

To search for a new drug target, a library of compounds (such as siRNA) may be used to transduce
the cells and inactivate specific genes. In some embodiments, cells are transduced with siRNA to
inhibit the function of a (large) group of genes. Any functional read out of the group of genes or
specific cellular function can be used to determine if a target is relevant for the study. A disease-
specific read out can be determined using assays well known in the art. For example, cellular
proliferation is assayed to test for genes involved in cancer. For example, a Topflash assay as
described herein, may be used to detect changes in Wnt activity caused by siRNA inhibition. Where
growth reduction or cell death occurs, the corresponding siRNA related genes can be identified by
methods known in the art. These genes are possible targets for inhibiting growth of these cells.
Upon identification, the specificity of the identified target for the cellular process that was studied
will need to be determined by methods well known in the art. Using these methods, new molecules

can be identified as possible drug targets for therapy.

Target and drug validation screens

Patient-specific organoids obtained from diseased and/or normal tissue can be used for target
validation of molecules identified in high throughput screens. The same goes for the validation of
compounds that were identified as possible therapeutic drugs in high throughput screens. The use of
primary patient material differentiated in the organoid culture system can be useful to test for false

positives, etc. from high throughput drug discovery cell line studies.

In some embodiments, the organoid of the invention can be used for validation of compounds that

have been identified as possible drugs or cosmetics in a high-throughput screen.

Toxicity assay

Said differentiated stem cell population (for example, organoid of the invention), such as liver,
intestinal organoids or pancreatic organoids, can further replace the use of cell lines such as Caco-2

cells in toxicity assays of potential novel drugs or of known or novel food supplements.
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Toxicology screens work in a similar way to drug screens (as described above) but they test for the
toxic effects of drugs and not therapeutic effects. Therefore, in some embodiments, the effects of

the candidate compounds are toxic.

Culturing pathogens

Furthermore, an organoid of the invention can be used for culturing of a pathogen, such as a

norovirus which presently lacks a suitable tissue culture or animal model.

Regenerative medicine and transplantation

The invention provides the use of organoids in regenerative medicine and/or transplantation. The
invention also provides methods of treatment wherein the method comprises transplanting an

organoid into an animal or human.

Organoids of the invention, such as liver, intestinal organoids or pancreatic organoids are useful in
regenerative medicine, for example in treatment of cirrhosis of the liver, post-radiation and/or post-
surgery repair of the intestinal epithelium, in the repair of the intestinal epithelium in patients
suffering from inflammatory bowel disease such as Crohn's disease and ulcerative colitis, and in the
repair of the intestinal epithelium in patients suffering from short bowel syndrome. Further use is
present in the repair of the intestinal epithelium in patients with hereditary diseases of the small
intestine/colon. Cultures comprising pancreatic organoids are also useful in regenerative medicine,
for example as implants after resection of the pancreas or part thercof and for treatment of diabetes

such as diabetes I and diabetes II.

In an alternative embodiment, the organoids or cells isolated from the organoids are reprogrammed
into related tissue fates such as, for example, pancreatic cells including pancreatic beta-cells or
hepatocytes or ductal cells for the liver. The culturing methods of the present invention will enable
to analyse for factors that trans-differentiate the closely related epithelial stem cell to a pancreatic

cell, including a pancreatic beta-cell or a hepatocyte.

It will be clear to a skilled person that gene therapy can additionally be used in a method directed at
repairing damaged or diseased tissue. Use can, for example, be made of an adenoviral or retroviral
gene delivery vehicle to deliver genetic information, like DNA and/or RNA to stem cells. A skilled
person can replace or repair particular genes targeted in gene therapy. For example, a normal gene
may be inserted into a nonspecific location within the genome to replace a nonfunctional gene. In
another example, an abnormal gene sequence can be replaced for a normal gene sequence through
homologous recombination. Alternatively, selective reverse mutation can return a gene to its normal
function. A further example is altering the regulation (the degree to which a gene is turned on or

off) of a particular gene. Preferably, the cells of an organoid or derived from an organoid are ex vivo
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treated by a gene therapy approach and are subsequently transferred to the mammal, preferably a

human being in need of treatment.

Since small biopsies taken from adult donors can be expanded without any apparent limit or genetic
harm, the technology may serve to generate transplantable epithelium for regenerative purposes.
The fact that organoids can be frozen and thawed and put into culture without losing their 3D
structure and integrity and without significant cell death further adds to the applicability of
organoids for transplantation purposes. Furthermore, in some embodiments, organoids embedded
in, or in contact with, an ECM can be transplanted into a mammal, preferably into a human. In
another embodiment, organoids and ECM can be transplanted simultancously into a mammal,

preferably into a human.

The skilled person will understand that an ECM can be used as a 3D scaffold for obtaining tissue-
like structures comprising expanded populations of cells or organoids according to the invention.
Such structures can then be transplanted into a patient by methods well known in the art. An ECM
scaffold can be made synthetically using ECM proteins, such as collagen and/or laminin, or
alternatively an ECM scaffold can be obtained by “decellularising” an isolated organ or tissue
fragment to leave behind a scaffold consisting of the ECM (for example see Macchiarini et al. The
Lancet, Volume 372, Issue 9655, Pages 2023 - 2030, 2008). In some embodiments, an ECM
scaffold can be obtained by decellularising an organ or tissue fragment, wherein optionally said

organ or tissue fragment is from the pancreas, liver, intestine, stomach or prostate.

The invention provides an organoid of the invention or cells derived from said organoid for use in
transplantation into a mammal, preferably into a human. Also provided is a method of treating a
patient in need of a transplant comprising transplanting an organoid of the invention or cells derived
from said organoid into said patient, wherein said patient is a mammal, preferably a human. In some

embodiments, the organoid is further differentiated before transplantation into said patient.

For example, a small biopsy to be taken from an adult donor and expanded by an expansion method
and subsequently differentiated according to the invention. Thus the technology provided herein

may serve to generate transplantable epithelium for regenerative purposes.

The invention provides a method of treating an insulin-deficiency disorder such as diabetes in a
patient, or a patient having a dysfunctional pancreas, comprising transplanting a pancreatic organoid
of'the invention or cells from a pancreatic organoid of the invention into the patient. The invention
also provides a method for treating a liver disease or condition in a patient, wherein said method
comprises transplanting a liver organoid, or cells from a liver organoid of the invention, into a

patient.
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In some embodiments, the cells or organoid do not express or secrete insulin upon transplantation
into the patient but differentiate within the patient such that they secrete insulin. For example, the
ability to secrete insulin may not be detectable immediately upon transplantation, but may be
present by about one month after transplantation, for example, by 6 weeks, 2 months or 3 months

after transplantation.

The patient is preferably a human, but may alternatively be a non-human mammal, such as a cat,

dog, horse, cow, pig, sheep, rabbit or mouse.

Thus, included within the scope of the invention are methods of treatment of a human or non-
human animal patient through cellular therapy. Such cellular therapy encompasses the application
of the stem cells or organoids of the invention to the patient through any appropriate means.
Specifically, such methods of treatment involve the regeneration of damaged tissue. In accordance
with the invention, a patient can be treated with allogeneic or autologous stem cells or organoids.
“Autologous” cells are cells which originated from the same organism into which they are being re-
introduced for cellular therapy, for example in order to permit tissue regeneration. However, the
cells have not necessarily been isolated from the same tissue as the tissue they are being introduced
into. An autologous cell does not require matching to the patient in order to overcome the problems
of rejection. “Allogeneic” cells are cells which originated from an individual which is different
from the individual into which the cells are being introduced for cellular therapy, for example in
order to permit tissue regeneration, although of the same species. Some degree of patient matching
may still be required to prevent the problems of rejection. Thus in some embodiments the
transplantation involves autologous cells. In some embodiments, the transplantation involves

allogeneic cells.

Generally the cells or organoids of the invention are introduced into the body of the patient by
injection or implantation. Generally the cells will be directly injected into the tissue in which they
are intended to act. Alternatively, the cells will be injected through the portal vein. A syringe
containing cells of the invention and a pharmaceutically acceptable carrier is included within the
scope of the invention. A catheter attached to a syringe containing cells of the invention and a

pharmaceutically acceptable carrier is included within the scope of the invention.

The skilled person will be able to select an appropriate method and route of administration
depending on the material that is being transplanted (i.e. population of cells, single cells in cell

suspension, organoids or fragments of organoids) as well as the organ that is being treated.

As discussed above, organoids or cells of the invention can be used in the regeneration of tissue. In

order to achieve this function, cells may be injected or implanted directly into the damaged tissue,
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where they may multiply and eventually differentiate into the required cell type, in accordance with
their location in the body. Alternatively, the organoid can be injected or implanted directly into the
damaged tissue. Tissues that are susceptible to treatment include all damaged tissues, particularly
including those which may have been damaged by disease, injury, trauma, an autoimmune reaction,
or by a viral or bacterial infection. In some embodiments of the invention, the cells or organoids of
the invention are used to regenerate the colon, small intestine, pancreas, oesophagus or gastric

system.

For example, in one embodiment, the cells or organoids of the invention are injected into a patient

using a Hamilton syringe.

The skilled person will be aware what the appropriate dosage of cells or organoids of the invention

will be for a particular condition to be treated.

In one embodiment the organoids or cells of the invention, either in solution, in microspheres or in
microparticles of a variety of compositions, will be administered into the artery irrigating the tissue
or the part of the damaged organ in need of regeneration. Generally such administration will be
performed using a catheter. The catheter may be one of the large variety of balloon catheters used for
angioplasty and/or cell delivery or a catheter designed for the specific purpose of delivering the cells
to a particular local of the body. For certain uses, the cells or organoids may be encapsulated into
microspheres made of a number of different biodegradable compounds, and with a diameter of about
15 pm. This method may allow intravascularly administered cells or organoids to remain at the site
of damage, and not to go through the capillary network and into the systemic circulation in the first
passage. The retention at the arterial side of the capillary network may also facilitate their

translocation into the extravascular space.

In another embodiment, the organoids or cells may be retrograde injected into the vascular tree, either
through a vein to deliver them to the whole body or locally into the particular vein that drains into the
tissue or body part to which the cells or organoids are directed. For this embodiment many of the

preparations described above may be used.

In another embodiment, the cells or organoids of the invention may be implanted into the damaged
tissue adhered to a biocompatible implant. Within this embodiment, the cells may be adhered to the
biocompatible implant ir vitro, prior to implantation into the patient. As will be clear to a person
skilled in the art, any one of a number of adherents may be used to adhere the cells to the implant,
prior to implantation. By way of example only, such adherents may include fibrin, one or more
members of the integrin family, one or more members of the cadherin family, one or more members

of the selectin family, one or more cell adhesion molecules (CAMs), one or more of the
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immunoglobulin family and one or more artificial adherents. This list is provided by way of
illustration only, and is not intended to be limiting. It will be clear to a person skilled in the art, that

any combination of one or more adherents may be used.

In another embodiment, the organoids or cells of the invention may be embedded in a matrix, prior
to implantation of the matrix into the patient. Generally, the matrix will be implanted into the
damaged tissue of the patient. Examples of matrices include collagen based matrices, fibrin based
matrices, laminin based matrices, fibronectin based matrices and artificial matrices. This list is

provided by way of illustration only, and is not intended to be limiting.

In a further embodiment, the organoids or cells of the invention may be implanted or injected into
the patient together with a matrix forming component. This may allow the cells to form a matrix
following injection or implantation, ensuring that the cells or organoids remain at the appropriate
location within the patient. Examples of matrix forming components include fibrin glue liquid alkyl,
cyanoacrylate monomers, plasticizers, polysaccharides such as dextran, ethylene oxide-containing
oligomers, block co-polymers such as poloxamer and Pluronics, non-ionic surfactants such as
Tween and Triton'8’, and artificial matrix forming components. This list is provided by way of
illustration only, and is not intended to be limiting. It will be clear to a person skilled in the art, that

any combination of one or more matrix forming components may be used.

In a further embodiment, the organoids or cells of the invention may be contained within a
microsphere. Within this embodiment, the cells may be encapsulated within the centre of the
microsphere. Also within this embodiment, the cells may be embedded into the matrix material of
the microsphere. The matrix material may include any suitable biodegradable polymer, including
but not limited to alginates, Poly ethylene glycol (PLGA), and polyurethanes. This list is provided

by way of example only, and is not intended to be limiting.

In a further embodiment, the cells or organoids of the invention may be adhered to a medical device
intended for implantation. Examples of such medical devices include stents, pins, stitches, splits,
pacemakers, prosthetic joints, artificial skin, and rods. This list is provided by way of illustration
only, and is not intended to be limiting. It will be clear to a person skilled in the art, that the cells
may be adhered to the medical device by a varicty of methods. For example, the cells or organoids
may be adhered to the medical device using fibrin, one or more members of the integrin family, one
or more members of the cadherin family, one or more members of the selectin family, one or more
cell adhesion molecules (CAMs), one or more of the immunoglobulin family and one or more
artificial adherents. This list is provided by way of illustration only, and is not intended to be
limiting. It will be clear to a person skilled in the art, that any combination of one or more adherents

may be used.
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The organoid or population of epithelial stem cells or population of differentiated cells obtained
using a method of the invention have a variety of uses. For example, the invention provides the use
of the organoid or population of epithelial stem cells/differentiated cells as described herein in a
drug discovery screen; toxicity assay; research of embryology, cell lineages, and differentiation
pathways; gene expression studies including recombinant gene expression; research of mechanisms
involved in injury and repair; research of inflammatory and infectious diseases; studies of

pathogenetic mechanisms; or studies of mechanisms of cell transformation and actiology of cancer.

In one aspect, the invention provides the use of an organoid or population of epithelial stem
cells/differentiated cells as described herein in a drug discovery screen, toxicity assay or in
regenerative medicine. Similarly, the invention provides the use of the progeny of organoids of the

invention for these uses.

Toxicity assays may be in vitro assays using an organoid or part thereof or a cell derived from an
organoid. Such progeny and organoids are easy to culture and more closely resemble primary
epithelial cells than, for example, epithelial cell lines such as Caco-2 (ATCC HTB-37), 1-407
(ATCC CCL6), and XBF (ATCC CRL 8808) which are currently used in toxicity assays. It is
anticipated that toxicity results obtained with organoids more closely resemble results obtained in
patients. A cell-based toxicity test is used for determining organ specific cytotoxicity. Compounds
that are tested in said test comprise cancer chemopreventive agents, environmental chemicals, food
supplements, and potential toxicants. The cells are exposed to multiple concentrations of a test
agent for certain period of time. The concentration ranges for test agents in the assay are determined
in a preliminary assay using an exposure of five days and log dilutions from the highest soluble
concentration. At the end of the exposure period, the cultures are evaluated for inhibition of growth.

Data are analysed to determine the concentration that inhibited end point by 50 percent (TC50).

For example, according to this aspect of the invention, a candidate compound may be contacted
with cell or organoid as described herein, and any change to the cells or in activity of the cells may

be monitored.

For high-throughput purposes, said organoids are cultured in multiwell plates such as, for example,
96 well plates or 384 well plates. Libraries of molecules are used to identify a molecule that affects
said organoids. Preferred libraries comprise antibody fragment libraries, peptide phage display
libraries, peptide libraries (e.g. LOPAP™, Sigma Aldrich), lipid libraries (BioMol), synthetic
compound libraries (e.g. LOP AC™, Sigma Aldrich) or natural compound libraries (Specs,
TimTec). Furthermore, genetic libraries can be used that induce or repress the expression of one of
more genes in the progeny of the adenoma cells. These genetic libraries comprise cDNA libraries,

antisense libraries, and siRNA or other non-coding RNA libraries. The cells are preferably exposed



10

15

20

25

30

WO 2017/149025 PCT/EP2017/054797
79
to multiple concentrations of a test agent for certain period of time. At the end of the exposure
period, the cultures are evaluated. The term "affecting” is used to cover any change in a cell,
including, but not limited to, a reduction in, or loss of, proliferation, a morphological change, and
cell death. Said organoids can also be used to identify drugs that specifically target epithelial

carcinoma cells, but not said organoids.

Organoids according to the invention can further replace the use of cell lines such as Caco-2 cells in
drug discovery screens and in toxicity assays of potential novel drugs or known drugs or known or

novel food supplements.
Furthermore, such organoids can be used for culturing of a pathogen.

The invention further provides a differentiated organoid of the invention or a population of
differentiated cells of the invention for use in therapy. Also provided is a differentiation organoid
of'the invention or a cell derived from said organoid for use in treating a disease or condition as

described herein.

Similarly, there is provided a method of treating a disease or condition as described herein
comprising administering one or more organoids of the invention, or cell derived from said

organoid.

The inventors have also demonstrated successful transplantation of organoids into immunodeficient
mice (sce example 7 of WO 2012/014076), with transplanted liver organoid-derived cells
generating both cholangyocytes and hepatocytes in vivo. Therefore, in one embodiment the
invention provides organoids or organoid-derived cells of the invention for transplanting into

human or animals.

An advantage of the organoids of the invention is that they can be frozen and later be defrosted
without loss of function. This enables cell banking, easy storage and rapid availability for acute use.
This could be useful for example, in the preparation of an “off-the-shelf” product, for example, in
the case of liver, that might be used for the treatment of acute liver toxicity. Organoids can also be
grown from cells or tissue fragments taken as small biopsics from live donors minimising any
ethical objections to the treatment. The donor may even be from the patient that is to be treated,
which could reduce any negative side-effects associated with transplantation of foreign cells and

organs and reduce the need for immunosuppressive drugs.

In some embodiments, the invention also provides a pharmaceutical formulation comprising the
components of the differentiation medium described herein and a pharmaceutically acceptable
diluent and/or excipient. For example, there is provided a pharmaceutical formulation comprising

one or more Wnt inhibitors (e.g. IWP-2 and/or iCRT3), one or more GSK-3 inhibitors (e.g.
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CHIR99021), one or more AP-1 stimulants (e.g. carbachol), one or more receptor tyrosine kinase
ligands (e.g. EGF, HGF and/or FGF19) one or more TGF-beta inhibitors (e.g. A83-01), one or more
Notch inhibitors (e.g. DAPT), one or more glucocorticoids (e.g. dexamethasone) and a
pharmaceutically acceptable diluent and/or excipient. In a preferred embodiment, the
pharmaceutical formulation does not comprise a basal medium. In some embodiments, the
pharmaceutical formulation does not comprise an extracellular matrix. It is envisaged that such
formulations may be suitable for promoting differentiation of stem cells in vivo, e.g. for
regenerative therapy. Such formulations may be administered ir situ (e.g. at the site of tissue
damage) or systemically. Alternatively, the formulations may be formulated so that it is suitable for
administration by any administration routes known in the art, for example intravenous,
subcutaneous, intramuscular administration, mucosal, intradermal, intracutaneous, oral, and ocular.
A pharmaceutical formulation may be thus be in any form suitable for such administration, e.g. a

tablet, infusion fluid, capsule, syrup, ctc.

Accordingly, included within the scope of the invention are methods of treatment of a human or
non-human animal patient through cellular therapy. The term "animal” here denotes all mammalian
animals. The patient may be at any stage of development, including embryonic and foctal stages.
For example, the patient may be an adult, or the therapy may be for pediatric use (e.g. newborn,
child or adolescent). Such cellular therapy encompasses the administration of cells or organoids
generated according to the invention to a patient through any appropriate means. Specifically, such
methods of treatment involve the regeneration of damaged tissue. The term "administration” as used
herein refers to well recognized forms of administration, such as intravenous or injection, as well as
to administration by transplantation, for example transplantation by surgery, grafting or
transplantation of tissue engineered cell populations derived from cells or organoids according to
the present invention. In the case of cells, systemic administration to an individual may be possible,
for example, by infusion into the superior mesenteric artery, the celiac artery, the subclavian vein
via the thoracic duct, infusion into the heart via the superior vena cava, or infusion into the
peritoneal cavity with subsequent migration of cells via subdiaphragmatic lymphatics, or directly

into liver sites via infusion into the hepatic arterial blood supply or into the portal vein.

In some embodiments, between 10* and 10'° cells per 100 kg person are administered per infusion.
Preferably, between about 1-5x10* and 1-5x107 cells may be infused intravenously per 100 kg
person. More preferably, between about 1x10* and 10x10° cells may be infused intravenously per
100 kg person. In some embodiments, a single administration of cells or organoids is provided. In

other embodiments, multiple administrations are used. Multiple administrations can be provided
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over an initial treatment regime, for example, of 3-7 consecutive days, and then repeated at other

times.

It is also possible to obtain an organoid from one single cell expressing Lgr5 as explained herein.
This single cell may have been modified by introduction of a nucleic acid construct as defined
herein, for example, to correct a genetic deficiency or mutation. It would also be possible to
specifically ablate expression, as desired, for example, using siRNA. Potential polypeptides to be
expressed could be any of those that are deficient in metabolic diseases, including, for example, a
polypeptide deficiency in metabolic liver disease, such as AAT (alpha antitrypsin). For elucidating
physiology, we might also express or inactivate genes implicated in the Wnt, EGF, FGF, BMP or
notch pathway. Also, for screening of drug toxicity, the expression or inactivation of genes
responsible for liver drug metabolism (for example, genes in the CYP family) would be of high

interest. This is particularly relevant when the cells of the invention are liver cells.

In one embodiment, the expanded epithelial stem cells may be reprogrammed into related tissue
fates such as, for example, liver cells including a hepatocyte and a cholangiocyte cell. The culturing
methods of the present invention will enable to analyse for factors that trans-differentiate the closely

related epithelial stem cell to a liver cell, including a hepatocyte and a cholangiocyte cell.

It will be clear to a skilled person that gene therapy can additionally be used in a method directed at
repairing damaged or diseased tissue. Use can, for example, be made of an adenoviral or retroviral
gene delivery vehicle to deliver genetic information, like DNA and/or RNA to stem cells. A skilled
person can replace or repair particular genes targeted in gene therapy. For example, a normal gene
may be inserted into a nonspecific location within the genome to replace a non-functional gene. In
another example, an abnormal gene sequence can be replaced for a normal gene sequence through
homologous recombination. Alternatively, selective reverse mutation can return a gene to its normal
function. A further example is altering the regulation (the degree to which a gene is turned on or
off) of a particular gene. Preferably, the stem cells are ex vivo treated by a gene therapy approach
and are subsequently transferred to the mammal, preferably a human being in need of treatment. For
example, organoid-derived cells may be genetically modified in culture before transplantation into

patients.

Thus, in some embodiments, the organoid or population of epithelial stem cells is for use in

medicine, e.g. for treating a disorder, condition or disease and/or for use in regenerative medicine.

In one preferred embodiment, for example, if an organoid is to be used for regenerative medicine,
the method may start from epithelial cells or from a tissue fragment in which the cells or tissue

fragment are autologous or allogeneic. Some degree of patient matching may still be required to
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prevent the problems of rejection. Techniques for minimising tissue rejection will be known to

those of skill in the art.

In embodiments in which the organoids and/or cells are transplanted into a patient, it can be
advantageous to administer the cells in a scaffold. Accordingly, there is provided a scaffold
comprising one or more organoids of the invention or cells derived from said organoids. A scaffold
provides a two-dimensional or three dimensional network. Suitable synthetic materials for such a
scaffold comprise polymers selected from porous solids, nanofibers, and hydrogels such as, for
example, peptides including self-assembling peptides, hydrogels composed of polyethylene glycol
phosphate, polyethylene glycol fumarate, polyacrylamide, polyhydroxyethyl methacrylate,
polycellulose acetate, and/or co-polymers thereof (see, for example, Saha et al., 2007. Curr Opin
Chem Biol. 11(4): 381-387; Saha et al., 2008. Biophysical Journal 95: 4426-4438; Little et al.,
2008. Chem. Rev 108, 1787-1796). As is known to a skilled person, the mechanical properties such
as, for example, the elasticity of the scaffold influences proliferation, differentiation and migration
of stem cells. A preferred scaffold comprises biodegradable (co)polymers that are replaced by
natural occurring components after transplantation in a subject, for example to promote tissue
regeneration and/or wound healing. It is furthermore preferred that said scaffold does not
substantially induce an immunogenic response after transplantation in a subject. Said scaffold is
supplemented with natural, semi-synthetic or synthetic ligands, which provide the signals that are
required for proliferation and/or differentiation, and/or migration of stem cells. In a preferred
embodiment, said ligands comprise defined amino acid fragments. Examples of said synthetic
polymers comprise Pluronic® F127 block copolymer surfactant (BASF), and Ethisorb® (Johnson
and Johnson). In some embodiments the cells are cultured in the scaffold. In other embodiments,

they are cultured and then added to the scaffold.

The uses of the present invention may use a single organoid or they may use more than one
organoid, for example, 2, 3, 4, 5, 10, 15, 20, 30, 50, 100, 200 or more organoids. Advantageously,
the methods of the present invention allow a great number of organoids and epithelial stem cells to
be generated in a short period of time, because they result in exponential growth, thereby ensuring
that sufficient cells are available for use in the application of interest. Wherever there is reference
herein to a “method of treatment” or “method for treatment™, for example involving the organoids
or cells obtained from the organoids of the invention, this also refers equally to organoids or cells

“for use in treatment” and to organoids or cells “for use in the manufacture of a medicament”.

Artificial organs

In some embodiments, there is provided the use of a differentiated organoid or cells derived from

the differentiated organoid in an artificial organ. The artificial organ may be transplanted in vivo by
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methods explained elsewhere. Alternatively, the artificial organ may be ex vivo. In some
embodiments, the ex vivo artificial organ may be connected to a patient, e.g. via the blood supply.
For instance, an artificial organ comprising a differentiated organoid may be used as part of a
dialysis machine. Thus a differentiated organoid can be used to support a patient with diseased or

injured epithelial tissue.
The uses of the invention are exemplified below in relation to the liver and pancreas.

Uses of liver organoids and populations of cells

The liver organoid or population of differentiated liver cells obtained using a method of the
invention have a variety of uses. For example, the invention provides the use of the liver organoid
or population of differentiated liver cells as described herein in a drug discovery screen; toxicity
assay; research of liver embryology, liver cell lineages, and differentiation pathways; gene
expression studies including recombinant gene expression; research of mechanisms involved in
liver injury and repair; research of inflammatory and infectious diseases of the liver; studies of
pathogenetic mechanisms; or studies of mechanisms of liver cell transformation and aetiology of

liver cancer.

In one aspect, the invention provides the use of a liver organoid or population of liver differentiated
cells as described herein in a drug discovery screen, toxicity assay or in regenerative medicine.
Similarly, the invention provides the use of the progeny of liver organoids of the invention for these

UScCs.

Toxicity assays may be in vitro assays using a liver organoid or part thereof or a cell derived from a
liver organoid. Such progeny and liver organoids are casy to culture and more closely resemble
primary epithelial cells than, for example, epithelial cell lines such as Caco-2 (ATCC HTB-37), I-
407 (ATCC CCL6), and XBF (ATCC CRL 8808) which are currently used in toxicity assays. It is
anticipated that toxicity results obtained with liver organoids more closely resemble results obtained
in patients. A cell-based toxicity test is used for determining organ specific cytotoxicity.
Compounds that are tested in said test comprise cancer chemopreventive agents, environmental
chemicals, food supplements, and potential toxicants. The cells are exposed to multiple
concentrations of a test agent for certain period of time. The concentration ranges for test agents in
the assay are determined in a preliminary assay using an exposure of five days and log dilutions
from the highest soluble concentration. At the end of the exposure period, the cultures are evaluated
for inhibition of growth. Data are analysed to determine the concentration that inhibited end point

by 50 percent (TC50).
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For example, induction of cytochrome P450 enzymes in liver hepatocytes is a key factor that
determines the efficacy and toxicity of drugs. In particular, induction of P450s is an important
mechanism of troublesome drug-drug interactions, and it is also an important factor that limits drug
efficacy and governs drug toxicity. Cytochrome P450 induction assays have been difficult to
develop, because they require intact normal human hepatocytes. These cells have proven intractable

to production in numbers sufficient to sustain mass production of high throughput assays.

The invention provides the use of liver organoids or populations of liver cells according to the
invention for use in medicine or diagnostics. In one embodiment, the invention provides the use of
liver organoids or populations of liver cells according to the invention for use in regencrative
medicine, for example in post-radiation and/or post-surgery repair of the liver epithelium, in the
repair of the epithelium in patients suffering from chronic or acute liver failure or disease. Liver
diseases for which the liver organoid or cells derived from said organoid may be used include, but
are not limited to Hepatocellular Carcinoma, Alagille Syndrome, Alpha- 1- Antitrypsin Deficiency,
Autoimmune Hepatitis, Biliary Atresia, Chronic Hepatitis, Cancer of the Liver, Cirrhosis, Liver
Cysts, Fatty Liver Discase, Galactosemia Gilbert's Syndrome, Primary Biliary Cirrhosis, Hepatitis
A, Hepatitis B, Hepatitis C, Primary Sclerosing Cholangitis, Reye's Syndrome, Sarcoidosis,
Tyrosinemia, Type I Glycogen Storage Disease, Wilson's Disease, Neonatal Hepatitis, Non-

alchoholic SteatoHepatitis, Porphyria, and Hemochromatosis.

In some embodiments, the liver organoids or populations of liver cells are used for therapy of
genetic conditions. Genetic conditions that lead to liver failure could benefit from cell-based
therapy in the form of partial or full cell replacement using cells cultured according to the media
and/or methods of the invention. A non-limiting list of genetic conditions that lead to liver failure
and which are treatable by the present invention includes: Progressive familial intrahepatic
cholestasis, Glycogen storage disease type I1I, Tyrosinemia, Deoxyguanosine kinase deficiency,
Pyruvate carboxylase deficiency, Congenital dyserythropoietic anemia, Polycystic Liver Disease
Polycystic Kidney Disease, Alpha-1 antitrypsine deficiency, Ureum cycle defects, Organic
acidemiea, lysosomal storage diseases, and Fatty Acid Oxydation Disorders. Other conditions that
may also benefit from cell-based therapy include Wilson’s Disease and Hereditary Amyloidosis
(FAP).

Other non-hepatocyte related causes of liver failure that would require a full liver transplant to
reach full therapeutic effect, may still benefit from some temporary restoration of function using
cell-based therapy using cells cultured according to the media and/or methods of the invention. A
non-limiting list of examples of such conditions which may be treatable by the organoids and/or

populations of cells of the present invention includes: Primary Biliary Cirrhosis, Primary Sclerosing
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Cholangitis, Aglagille syndrome, Homozygous Familial hypercholesterolemia, Hepatitis B with
cirrhosis, Hepatitis C with cirrhosis, Budd-Chiari syndrome, Primary hyperoxaluria, Autoimmune

Hepeatitis, and Alcoholic liver disease.

The liver organoids of the invention may be used in a method of treating a hereditary disease that
involves malfunctioning hepatocytes. Such diseases may be early onset or late onset. Early onset
disease include metabolite related organ failure (e.g. alpha-1-antitrypsin deficiency), glycogen
storage diseases (e.g. GSD II, Pompe’s disease), tyrosinemia, mild DGUOK, CDA type I, Ureum
cycle defects (e.g. OTC deficiency), organic academia and fatty acid oxidation disorders. Late
onset discases include primary hyperoxaluria, familial hypercholesterolemia, Wilson’s discase,
Hereditary Amyloidosis and Polycystic liver disease. Partial or full replacement with healthy
hepatocytes arising from liver organoids of the invention may be used to restore liver function or to
postpone liver failure. Accordingly, the invention provides the use of the liver organoids and/or

populations of liver cells for restoration of liver function or to postpone liver failure.

The liver organoids of the invention may be used in a method of treating chronic liver failure
arising due to hereditary metabolic disease or as a result of hepatocyte infection. Treatment of a
hereditary metabolic disecase may involve administration of genetically modified autologous liver
organoids of the invention. Treatment of hepatocyte infections may involve administration of
allogeneic liver organoids of the invention. In some embodiments, the liver organoids are

administered over a period of 2-3 months.

The liver organoids of the invention may be used to treat acute liver failure, for example, as a result
of liver intoxication which may result from use of paracetamol, medication or alcohol. In some
embodiments, the therapy to restore liver function will comprise injecting hepatocyte suspension
from frozen, ready to use allogenic hepatocytes obtained from organoids of the invention. The
ability to freeze suitable organoids means that the organoids can be available for immediate delivery

and so it is not necessary to wait for a blood transfusion.

In the case of replacement or correction of deficient liver function, it may be possible to construct a
cell-matrix structure from one or more liver organoids generated according to the present invention.
Thus in some embodiments, there is provided a cell-matrix structure derived from a liver organoid

and suitable for use in therapy as described herein.

It is thought that only about 10% of hepatic cell mass is necessary for adequate function. This
makes implantation of organoid unit compositions into children especially preferable to whole
organ transplantation, due to the relatively limited availability of donors and smaller size of juvenile

organs. For example, an 8-month-old child has a normal liver that weighs approximately 250g. That
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child would therefore need about 25g of tissue. An adult liver weighs-approximately 1500g;
therefore, the required implant would only be about 1.5% of the adult liver. In some embodiments,
therefore, the treatment described in this section is for children. In other embodiments it is for

adults.

In some embodiments, the transplantation step involves a scaffold, such as a polymer scaffold.
When organoid units according to the invention are implanted, optionally attached to a polymer
scaffold, proliferation in the new host will occur, and the resulting hepatic cell mass replaces the
deficient host function. The inventors have shown that it is possible to generate mature hepatocytes
from adult liver stem cells or liver tissue fragments comprising stem cells that are suitable for
transplantation into non-human animals or humans. Using the differentiation culture medium
according to the invention, the inventors have shown that hepatoblasts can be differentiated in vivo
to mature hepatocytes suitable for transplantation purposes. Hence, the inventors provide a new

source of hepatocytes for liver regeneration, replacement or correction of deficient liver function.

In some embodiments it is desirable to repopulate/replace 10-20% of a patient’s liver with healthy

hepatocytes arising from a liver organoid of the invention.

In some embodiments, the invention provides the liver organoids or populations of liver cells
obtained from the differentiation media for use in therapy. Such organoids and populations of cells
are useful for treating ductal cell disease. For example, such organoids and populations of cells
may be used to treat diseases of the ductal tree, for example diseases caused by a mutations in
Jaggedl (JAG1), for example Alagille syndrome, or mutations in the transporter ABCB4, for
example Low Phospholipid associated Cholelithiasis. Other non-heriditary cholangiopathies such as
Primary Biliary Cirrhosis, Primary sclerosis cholangitis and Caroli disease may also be treated
using the liver organoids or expanded populations of liver cells of the invention. Such disecases may
benefit from expanding duct-cells in culture. Other diseases that could be treated with organoids or
expanded populations of liver cells of the invention include hereditary liver diseases where bilirubin
metabolism is affected. Such diseases would benefit from hepatocyte transplants. Examples of
known hereditary defects in bilirubin metabolism are Crigler—Najjar syndrome (mutation in
UGT1AT1 gene), Dubin—Johnson syndrome (mutation in cMOAT), and Rotor syndrome (mutations
in SLCO1B1 and SLCOIB3).

Thus, in some embodiments, the liver organoid or population of liver epithelial cells is for use in

treating a liver disorder, condition or discase or for use in regenerative medicine.
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Uses of pancreas organoids and populations of cells

Methods for culturing pancreatic cells are described in WO 2010/090513. It is envisaged that the
differentiation media and methods of the invention will enhance the differentiation of epithelial

stem cells obtained from the pancreas.

Thus, in some embodiments, the invention provides a pancreatic organoid or cell obtained from the
pancreatic organoid for use in medicine, e.g. for use in treating a pancreatic disorder, condition or

disease or for use in regenerative medicine.

The invention further provides a pancreatic organoid or cell obtained from the pancreatic organoids
for use in the treatment of diabetes (e.g. diabetes type I or type II), pancreatitis, pancreatic cancer or
cystic fibrosis, whereby the treating optionally comprises transplantation of the organoid or cells
obtained from the pancreatic organoid into a patient in need thereof. In some embodiments, the
transplanted cells are insulin secreting cells. In other embodiments, the cells are progenitor cells that

mature further after transplantation into insulin secreting cells.
Abbreviations

B-TrCP: B-transducin-repeat-containing protein

GSK-3: glycogen synthase kinase 3

LGR: leucine-rich repeat-containing G protein-coupled receptor
LRP: low-density lipoprotein receptor-related protein

PP1: protein phosphatase 1

PP2A: protein phosphatase 2A

PP2C: protein phosphatase 2C

Definitions

As used herein, the verb "to comprise” and its conjugations is used in its non-limiting sense to mean
that items following the word are included, but items not specifically mentioned are not excluded.
In addition the verb “to consist” may be replaced, if necessary, by “to consist essentially of”
meaning that a product as defined herein may comprise additional component(s) than the ones
specifically identified, said additional component(s) not altering the unique characteristic of the
invention. In addition a method as defined herein may comprise additional step(s) than the ones
specifically identified, said additional step(s) not altering the unique characteristic of the invention.
o

In addition, reference to an element by the indefinite article "a" or "an" does not exclude the

possibility that more than one of the element is present, unless the context clearly requires that there
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n,n

be one and only one of the elements. The indefinite article "a" or "an" thus usually means "at least

onc' .

As used herein, the term “about” or “approximately” means that the value presented can be varied
by +/-10%. The value can also be read as the exact value and so the term “about” can be omitted.

For example, the term “about 100” encompasses 90-110 and also 100.

All patent and literature references cited in the present specification are hereby incorporated by

reference in their entirety.

The following examples are offered for illustrative purposes only, and are not intended to limit the

scope of the present invention in any way.
DESCRIPTION OF THE DRAWINGS

Figure 1. (A) Improved method for expanding and differentiating a population of liver epithelial
stem cells. The liver epithelial stem cells are grown for five days in EM+BMP7 medium
(EM+BMP7 comprises Gibco Advanced DMEM/F12 as a basal medium, to which is added: N2,
B27 without retinoic acid, EGF, HGF, TGF-beta inhibitor, nicotinamide, Rspondin, forskolin,
gastrin, N-acetylcysteine, FGF10 and BMP7). After this pre-treatment, the organoid culture is
disrupted, split and transferred to DM+ medium. The previous method for expanding and
differentiating a population of liver epithelial stem cells involved liver epithelial stem cells being
grown for five days in EM+BMP7 medium and then, without disruption or splitting, transferred to
DM medium. (B) Components of DM and DM+ media. DM+ medium comprises Gibco Advanced
DMEM/F12 as a basal medium, to which is added: 10 mM HEPES, 1 x B27-VitA, 1 x N2, 1.25
mM N-Acetylcysteine, 50 ng/ml hEGF, 10 nM gastrin, 25 ng/ml HGF, 0.5 uM A83.01, 25 ng/ml
BMP7, 100 ng/ml FGF19, 10 uM DAPT, 3 uM dexamethasone, 3 uM IWP-2, 3 uM Chir, 50 uM
iCRT3 and 100 pM carbachol. DM medium comprises Gibco Advanced DMEM/F12 as a basal
medium, to which is added: 10 mM HEPES, 1 x B27-VitA, 1 x N2, 1.25 mM N-Acetylcysteine, 50
ng/ml hEGF, 10 nM gastrin, 25 ng/ml HGF, 0.5 pM A83.01, 25 ng/ml BMP7, 100 ng/ml FGF19,
10 uM DAPT and 3 pM dexamethasone.

Figure 2. (A) List of factors that did not show positive effects on hepatocyte differentiation. (B)-(F)
gRT-PCR analysis of organoids in expansion medium (EM), after 11 days in differentiation
medium (DM) or after 11 days in DM plus a modification. (B) The addition of the AP-1 stimulant
carbachol to DM medium improves the expression of albumin and Cyp3A4, which are hepatocyte
cell markers. (C) The addition of Wnt to DM medium decreases the expression of albumin and
Cyp3A4. (D) The addition of an inhibitor of Wnt secretion, IWP-2, to DM medium enhances the
expression of albumin and Cyp3A4. (E) The addition of CHIR99021 (a GSK3beta inhibitor that
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strongly increases Wnt signalling by interfering with the activity of the beta-catenin destruction
complex) to DM medium increases the expression of albumin and Cyp3A4. The addition of
CHIR99021 and iCRT3 (a small molecule that is capable of blocking the binding of beta-catenin to
TCF4, and so capable of blocking Wnt signalling downstream of the beta-catenin destruction
complex) leads to a significant increase in albumin and Cyp3A4 expression, while reducing the
expression of CK19 (a biliary cell marker). (F) Disrupting and splitting the organoid culture after
five days of EM+BMP7 pre-treatment and changing directly to DM medium improves both albumin
and Cyp3A4 levels. (G) Human liver organoids after 11 days differentiation under standard
conditions (standard DM) or using the new splitting technique (split DM). Splitting of the organoid
culture results in decreased organoid size, which may contribute to enhanced differentiation. The
complete removal of all expansion medium growth factors during the splitting procedure may also

promote differentiation.

Figure 3. qRT-PCT analysis of primary hepatocytes or organoids in expansion medium (EM) or
after 11 days differentiation following either the standard differentiation protocol (DM) or the
improved procedure (DM+), which combines the DM+ medium with the splitting procedure.
Expression levels of indicated genes are depicted relative to GAPDH. Each point represents an
independent experiment. DM+ medium combined with the splitting procedure leads to a substantial
improvement in expression of hepatocyte markers such as (A) albumin, (B) HNFa, (C) serpinAl
and (D) ASPGR. Most notably, however, the expression of cytochromes, such as (E) Cyp1A2 and
(F) Cyp3A4 is strongly increased. The expression of Cyp3A4 is on average 50x higher in
comparison to the DM protocol (without splitting) and reaches the level of primary hepatocytes.
The expression of biliary markers, such as (G) CK7 and (H) CK19, is clearly reduced in the new

DM+ protocol, which corroborates the increased differentiation to the hepatocyte lineage.

Figure 4. Improved hepatocyte functions in human liver organoids after DM+ differentiation. (A)
Immunofluorescence staining for albumin after 11 days of differentiation following the standard
(DM) or improved (DM+) protocol. Three views of exemplary organoids obtained using each
protocol are provided: albumin, DAPI and brightfield. The DM+ protocol significantly increases the
number of cell that differentiate to the hepatocyte fate. (B) Measurement of Cyp3A4 activity
(P450-Glo assay) of HepG2, primary hepatocytes and human liver organoids in expansion medium
(EM), standard differentiation medium (DM) or following the improved differentiation procedure
(DM+) at day 11. The Cyp3A4 activity of cells differentiated using the DM+ protocol is at the level
of primary hepatocytes and surpasses the levels achieved by HepG2 cells or the old DM condition
by far. (C) Albumin secretion by HepG2, primary hepatocytes and human liver organoids in EM,
DM or following the improved differentiation procedure (DM+) at day 11. (D) Conversion of
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Midazolam (a drug) to 1-OH-Midazolam by HepG2, human liver organoids in EM, DM or
following the improved differentiation procedure (DM+) at day 11. Improved drug processing
activity is seen in cells differentiated using the DM+ protocol. (B)-(D) Each point represents an

independent donor.

Examples

Example 1

We significantly improved our ability to differentiate human liver organoids from bipotential stem
cells to the hepatocyte state. Building on the previously established (old) differentiation protocol
(DM) we developed a new improved procedure (DM+) that combines the treatment with 4
additional differentiation factors with a changed splitting protocol for the differentiation process
(Fig. 1A and B). The components in the previous and improved differentiation media are
summarised in the tables below. The DM+ protocol results in increased expression of all tested
hepatocyte markers and reduces biliary fate commitment during the differentiation process. Most
notably, DM+ leads to a significant improvement in the expression and activity of cytochromes
(e.g. Cyp3A4 at the level of primary hepatocytes), which are the key enzymes of drug metabolism
in hepatocytes. Thus, DM+ is a major step forward to adapt human liver organoids for commercial

applications such as toxicology assays and drug development.

The human liver organoids were obtained from human liver stem cells cultured in an expansion
medium (e.g. see table below) in accordance with methods previously described in
W02012/014076, W02012/168930 and WO2015/173425. To improve human liver organoid
differentiation, we tested a plethora of different factors with potentially beneficial effects. However,
the majority of these did not contribute to differentiation improvement (see Fig. 2A). As human
liver organoids have reduced expression of components of the AP-1 complex in comparison to
primary hepatocytes (data not shown), we tested the AP-1 stimulant carbachol in addition to our
standard differentiation medium and saw slight improvements in expression of Albumin and
Cyp3A4 (Fig. 2B). Addition of WNT to the differentiation medium had the opposite effect and
decreased expression of Albumin (Fig. 2C). Consequently, we tested an inhibitor of WNT secretion
(IWP-2) to block endogenous WNT signaling and observed an increase in both Albumin and
Cyp3A4 expression. In the same set of experiments we also tested CHIR, an inhibitor of GSK3beta,
which strongly increases WNT signaling by interfering with activity of the beta-catenin destruction
complex. Contrary to expectations, addition of CHIR99021 did not block differentiation (as
stimulation by WNT did), but we observed a small increase in both Albumin and Cyp3A4
expression. This led us to the conclusion, that CHIR99021 stimulation has dual effects with a

differentiation promoting and a differentiation inhibiting component. From the previous experiment
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we knew that WNT signaling would be the inhibitory component. Therefore, we looked into the
possibility to combine CHIR99021 stimulation with a block of WNT signaling downstream of the
destruction complex to cancel out the inhibitory component. Indeed, combination of CHIR99021
with iCRT3, a small molecule capable of blocking the binding of beta-catenin to TCF4, led to a
significant increase in Albumin and Cyp3A4 expression, while reducing the expression of the
biliary marker CK19 (Fig. 2E). In addition to medium additives we also looked into technical
optimization of the differentiation process. We found that disrupting and splitting the organoid
culture after 5 days of EM+BMP7 pretreatment and changing directly to differentiation medium
improved both Albumin and Cyp3A4 levels (Fig. 2F). This is likely to be a combined effect of
decreased organoid size (Fig. 2G) and the complete removal of all expansion medium growth

factors during the splitting procedure.

We tested, whether the differentiation improvement by Carbachol, IWP-2, CHIR99021 + iCRT3
and the new splitting procedure were additive and indeed this turned out to be the case. Thus, we
defined our new differentiation protocol DM+ as a combination of the above (Fig. 1A and B). DM+
leads to an even higher improvement in expression of hepatocyte markers such as Albumin (Fig.
3A), HNFa (Fig. 3B), SerpinAl (Fig. 3C) and ASGPR (Fig. 3D). Most notably, however, the
expression of Cytochromes such as CyplA2 and Cyp3A4 is strongly increased (Fig. 3E and F). The
expression of Cyp3A4 is on average 50x higher in comparison to the old DM protocol and reaches
the level of primary hepatocytes. The expression of biliary marker such as CK7 and CK19 is clearly
reduced in the new DM+ protocol (Fig. 3G and H), which corroborates the increased differentiation

to the hepatocyte lincage.

Generally, the DM+ protocol significantly increases the number of cells that differentiate to the
hepatocyte fate (Fig. 4A). This is also evident in functional assays such as a Cyp3A4 activity assay
and Albumin secretion (Fig. 4B and C). Cyp3A4 activity of cells differentiated according to the
DM+ protocol is at the level of primary hepatocytes and surpasses levels achieved by HepG2 cells
or the old DM condition by far. This is also reflected by improved drug processing activity, such as
the processing of Midazolam to 1-OH-Midazolam (Fig. 4D). In summary, DM+ is an important step
forward in differentiation of human liver organoids to the hepatocyte fate and improves their
performance in various drug metabolism and toxicology assays. Beyond these applications, the
improved differentiation profile may also indicate a better performance in disease modeling and

transplantation.



WO 2017/149025

92

Improved differentiation medium (DM+)

Concentration | Component
Gibco Advanced DMEM/F12
10 | mM HEPES
1|x B27 wo VitA
1|x N2
1.25 | mM n-Acetylcysteine
50 | ng/ml hEGF
10 | ntM Gastrin
25 | ng/ml HGF
0.5 | uM A83.01
25 | ng/ml BMP7
100 | ng/ml FGF19
10 | uM DAPT
3| uM Dexamethasone
3| uM IWP-2
3| uM Chir
50 | uM iCRT3
100 | uM Carbachol

Old differentiation medium (DM)

Concentration | Component
Gibco Advanced DMEM/F12
10 | mM HEPES
1|x B27 wo VitA
1|x N2
1.25 | mM n-Acetylcysteine
50 | ng/ml hEGF
10 | nM Gastrin
25 | ng/ml HGF
0.5 uM A83.01
25 | ng/ml BMP7
100 | ng/ml FGF19
10 | uM DAPT
3| uM Dexamethasone

PCT/EP2017/054797



WO 2017/149025 PCT/EP2017/054797

93
Expansion medium (EM)
Concentration | Component
Gibco Advanced DMEM/F12
10 | mM HEPES
1|x B27 wo VitA
1|x N2
1.25 | mM n-Acetylcysteine
50 | ng/ml hEGF
10 | nM Gastrin
25 | ng/ml HGF
10 | % Rspondin conditioned medium
001 | M Nicotinamide
100 | ng/ml FGF10
5| uM A83.01
10 | uM FSK
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CLAIMS
1. A method for differentiating progenitor cells, wherein said method comprises:

culturing the cells in a differentiation medium comprising a basal medium and further
comprising one or more receptor tyrosine kinase ligands, a Notch inhibitor, a glucocorticoid,

a TGF-beta inhibitor and one or more Wnt inhibitors.

2. The method of claim 1, wherein the one or more Wnt inhibitors is selected from: (1) an
inhibitor of Wnt secretion, (2) a competitive or non-competitive inhibitor of the interaction
between Wnt or Rspondin and the Wnt receptor complex, (3) an inhibitor that promotes the
degradation of components of the Wnt receptor complex, (4) an inhibitor of Dishevelled
family proteins, (5) an activator that promotes destruction complex activity, (6) an inhibitor of
the deoligomerisation of the destruction complex and/or (7) an inhibitor of 3-catenin target

gene expression.

3. The method of claim 2, wherein the one or more Wnt inhibitors comprise an inhibitor of
Wnt secretion, e.g. a Porc inhibitor selected from IWP 2, LGK974 and IWP 1.

4. The method of any one of claims 1-3, wherein the differentiation medium further

comprises a GSK-3 inhibitor.

5. The method of claim 4, wherein the one or more Wnt inhibitors comprises an inhibitor that
acts downstream of the -catenin destruction complex, for example a Wnt inhibitor that

inhibits B-catenin target gene expression.
6. A method for differentiating progenitor cells, wherein said method comprises:

culturing the cells in a differentiation medium comprising a basal medium and further
comprising one or more receptor tyrosine kinase ligands, a Notch inhibitor, glucocorticoid, a
TGF-beta inhibitor and a GSK-3 inhibitor.

7. The method of any one of claims 4-6, wherein the GSK-3 inhibitor is selected from
CHIR99201, 6-BIO, Dibromocantharelline, Hymenialdesine, Indirubins, Meridianins,
CT98014, CT98023, CT99021, TWS119, SB-216763, SB-41528, AR-A014418, AZD-1080,
Alsterpaullone, Cazpaullone, Kenpaullone, Aloisines, Manzamine A, Palinurine, Tricantine,
TDZD-8, NP00111, NP031115, Tideglusib, HMK-32 and L803-mts.
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8. The method of claim 6 or claim 7, wherein the differentiation medium further comprises at
least one Wnt inhibitor that acts downstream of the B-catenin destruction complex, for

example an inhibitor of 3-catenin target gene expression.

9. The method of claim 5 or claim 8, wherein the Wnt inhibitor of B-catenin target gene
expression is selected from iCRT3, CGP049090, PKF118310, PKF115 584, ZTM000990,
PNU 74654, BC21, iCRT5, iCRT14 and FH535.

10. The method of any one of claims 1-9, wherein the differentiation medium further

comprises an AP-1 stimulant.
11. A method for differentiating progenitor cells, wherein said method comprises:

culturing the cells in a differentiation medium comprising a basal medium and further
comprising one or more receptor tyrosine kinase ligands, a Notch inhibitor, a glucocorticoid,
a TGF-beta inhibitor and an AP-1 stimulant.

12. The method of claim 10 or claim 11, wherein the AP-1 stimulant is a muscarinic
acetylcholine receptor agonist, for example selected from acetylcholine, bethanechol,

carbachol, oxotremorine or pilocarpine.

13. The method of any one of claims 1-12, wherein said one or more receptor tyrosine
kinase ligands comprises one or more, or all, of a ligand for RTK class | (EGF receptor
family) (ErbB family), a ligand for RTK class IV (FGF receptor family), and a ligand for RTK
class VI (HGF receptor family).

14. The method of claim 13, wherein said one or more receptor tyrosine kinase ligands are
selected from the group consisting of epidermal growth factor (EGF), fibroblast growth factor
(FGF) and hepatocyte growth factor (HGF).

15. The method of any one of claims 1-14, wherein said Notch inhibitor is a
gamma-secretase inhibitor, optionally DAPT or dibenzazepine (DBZ) or benzodiazepine (BZ)
or LY-411575.

16. The method of any one of claims 1-15, wherein said glucocorticoid is selected from:
dexamethasone, prednisone, prednisolone, methylprednisolone, betamethasone,

triamcinolone, beclomethasone and fludrocortisone acetate.



WO 2017/149025 PCT/EP2017/054797
96

17. The method of any one of claims 1-17, wherein said TGF-beta inhibitor is an inhibitor of
ALK4, ALK5 or ALK7, optionally selected from the group consisting of: A83-01, SB-431542,
SB-505124, SB-525334, LY 364947, SD-208 and SJN 2511.

18. The method of any one of claims 1-17, wherein said differentiation medium further
comprises a BMP pathway activator, optionally selected from one or more of BMP7, BMP4
and BMP2,

19. The method of any one of claims 1-18, wherein said differentiation medium further

comprises gastrin.
20. The method of claim 19, wherein said differentiation medium comprises
EGF, FGF19 and HGF as receptor tyrosine kinase ligands,
DAPT as a notch inhibitor,
IWP2 and iCRT3 as Wnt inhibitor,
dexamethasone as glucocorticoid,
CHIR99021 as GSK-3 inhibitor,
and carbachol as AP-1 inhibitor.

21. The method of any one of claims 1-20, wherein said differentiation medium further
comprises one or more components selected from the group consisting of: B27, B27 without

retinoic acid, and N2.
22. A differentiation medium as described in any one of claims 1-21.
23. A method for culturing epithelial stem cells, wherein said method comprises:

culturing the epithelial stem cells in the presence of an expansion medium for

epithelial stem cells to obtain expanded epithelial stem cells; and subsequently

culturing the one or more expanded cells in a differentiation medium according to

claim 21.

24. The method of any one of claims 1-21 and 23, wherein the cells are cultured in contact

with an extracellular matrix.
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25. The method of any one of claims 1-21 and 23-24, wherein the method further comprises

obtaining and/or isolating a differentiated cell population or a differentiated organoid.

26. The method of any one of claims 1-21 and 23-25, wherein the progenitor cells are
epithelial cells, for example, from the liver, pancreas, intestine, stomach, prostate, lung,

breast, ovary, salivary gland, hair follicle, skin, oesophagus, bladder, ear or thyroid.
27. The method of claim 26, wherein the progenitor cells are from the liver or pancreas.

28. The method of any one of claims 1-21 and 23-27, wherein the progenitor cells are

mammalian progenitor cells, for example, human progenitor cells.

29. A method for culturing liver epithelial stem cells, preferably to obtain a differentiated liver

organoid, and wherein said method comprises:

culturing one or more liver epithelial stem cells in contact with an extracellular matrix
in the presence of an expansion medium; preferably wherein the expansion medium
comprises a basal medium, and further comprises: EGF, FGF10, HGF, a Wnt agonist (e.g.

Rspondin), Nicotinamide, a TGF-beta inhibitor, forskolin and gastrin; and subsequently

culturing the one or more expanded liver epithelial stem cells in contact with an
extracellular matrix in the presence of a differentiation medium according to claim 21,

preferably as described in claim 20.

30. The method of claims 22-28, wherein after at least three days of culturing in the
expansion medium, the culture is disrupted and split, and then cultured in the differentiation

medium.
31. An organoid obtainable or obtained by a method of any one of claims 1-21 and 23-29.

32. The organoid of claim 31, wherein the organoid is derived from the liver, pancreas,
intestine, stomach, prostate, lung, breast, ovarian, salivary gland, hair fallicle, skin,

oesophagus, bladder, ear or thyroid.

33. A liver organoid according to claim 31 or 32, wherein the liver organoid is derived from a
human, and in which at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at

least 90% or at least 99% of the cells express hepatocyte markers.

34. A liver organoid according to any one of claims 31-33, wherein the liver organoid is
derived from a mouse, and in which at least 40%, at least 50%, at least 60%, at least 70%,

at least 80%, at least 90% or at least 99% of the cells express hepatocyte markers.
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35. A composition comprising an organoid, for example according to any one of claims 31-

34, and a differentiation medium according to claim 21.

36. Use of an organoid as defined in any one of claims 31-35, or a cell derived from said
organoid, in a drug discovery screen; toxicity assay; diagnostics; research of tissue
embryology, cell lineages, and differentiation pathways; gene expression studies including
recombinant gene expression; research of mechanisms involved in tissue injury and repair;
research of inflammatory and infectious diseases; studies of pathogenetic mechanisms; or

studies of mechanisms of cell fransformation and aetiology of cancer.

37. An organoid according to any one of claims 31-34, or a cell derived from said organoid,

for use in medicine, for example, for us in treating a disorder, condition or disease.

38. The organoid or a cell derived from said organoid for use according to claim 37, wherein
the medicine is regenerative medicine, for example, wherein the use involves transplantation

of the organoid or cell into a patient.

39. A pharmaceutical formulation comprising one or more receptor tyrosine kinase ligands, a
Notch inhibitor, dexamethasone, a TGF-beta inhibitor, one or more Wnt inhibitors, a GSK-3

inhibitor and an AP-1 stimulant.

40. A method for screening for a therapeutic or prophylactic pharmaceutical drug or

cosmetic, wherein the method comprises:

contacting a differentiated organoid according to any one of claims 31-34 with a

candidate molecule (or a library of candidate molecules),

evaluating said organoid for any effects (e.g. any change in the cell, such as a
reduction in or loss of proliferation, a morphological change and/or cell death) or a change in

organoid (e.g. the organoid size or motility);

identifying the candidate molecule that causes said effects as a potential drug or

cosmetic; and optionally

preparing said candidate molecule as pharmaceutical or cosmetic.
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