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DERIVATION OF LIVER ORGANOIDS FROM HUMAN PLURIPOTENT STEM 

CELLS 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] 	This application claims the benefit of priority to Singapore Application No. SG 

10201507675Y, filed September 15, 2015, which is incorporated by reference herein in its 

entirety. 

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER 

PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK 

[0002] 	The Sequence Listing written in file 1012196_ST25.txt, created on September 14, 

2016, 465,073 bytes, machine format IBM-PC, MS-Windows operating system, is hereby 

incorporated by reference in its entirety for all purposes. 

BACKGROUND OF THE INVENTION 

LIVER ORGAN 

[0003] 	The liver is a major organ that is responsible for regulating a multitude of complex 

metabolic processes. Defects in the liver present a significant burden today, but the management 

of liver diseases remains inadequate due to two major factors: a shortage of liver donors 

(Vilarinho and Lifton, 2012) and an incomplete understanding of the underlying mechanisms of 

liver pathology. Research on liver diseases is hampered by the lack of faithful models for 

metabolic diseases of hepatic origin. There is still a heavy reliance on mouse models, which 

cannot fully depict human disease pathogenesis and response to drugs (Grompe and Strom, 2013; 

Seok et al., 2013; van der Worp et al., 2010). On the other hand, disease modelling in human 

hepatocyte cultures fails to recapitulate complex diseases that involve interactions between 

multiple cell types within an organ. Furthermore, primary human hepatocytes are defiant to long-

term expansion in culture (Mitaka, 1998; Shan et al., 2013), while hepatocyte-like cells 

differentiated from pluripotent stem cells (PSCs) (Gieseck et al., 2014; Si-Tayeb et al., 2010b) 
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are limited with low differentiation efficiencies and a lack of mature functional capabilities 

found in the liver. There is a substantial need for high quality liver model that resembles the in 

vivo liver tissue from basic research to industrial and medical applications. 

ORGANOIDS 

[0004] 	These issues can potentially be overcomed using 3 dimensional in vitro culture systems 

to generate tissue-like organoids. Organoids are refered to as "mini-organ" defined by three 

specific criteria 1) Having at least 2 organ-specific cell types, 2) Cells self-organize in 3D to 

form structure resembling tissues in the organ and 3) is capable of manifesting organ-specific 

functionality (Lancaster and Knoblich, 2014). They can be created from cells of human origin to 

avoid surreptitious species-specific differences in disease pathogenesis and drug response, while 

mimicking in vivo disease presentation including interactions between various cell types 

involved in 3D space (Matano et al., 2015; van de Wetering et al., 2015); these properties make 

them ideal for the study of liver function and diseases in vitro. While no hepatic organoids with 

the above criteria have been describe, complex 3D liver cultures have been derived from human 

induced pluripotent stem cells (iPSCs) (Takebe et al, 2013) and adult liver stem cells (Huch et 

al., 2015). These technologies have not been shown to harbor functional interactions between the 

two major hepatic cell types: hepatocytes and cholangiocytes and do not exhibit any of liver 

specific function in vitro. In addition, no liver tissue structures have been observed in these 3D 

liver cultures in vitro. Current organoid generation protocols are also limited by extremely high 

costs for large scale expansion (Spence et al 2011, Lancaster et al 2013, Takasato et al 2016), 

which is necessary for downstream applications requiring a large number of cells such as 

engraftment (Fisher and Strom, 2006) and high-throughput screening. Scalability is dependent on 

the ability to propagate culture to large quantities via the proliferation of itself or its precursors. 

As such, self-renewing PSCs have been regarded as a promising source for terminally 

differentiated cells. 

SELF RENEWING ENDODERM PROGENITOR 

[0005] 	However, PSC generation of organoids is complex and requires differentiation across 

multiple intermediate states to generate specific somatic cell types. For endodermal tissues such 
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as the liver, mimicking human embryonic morphogenesis through the sequential exposure of 

PSCs to cytokines enables their derivation in vitro (Basma et al., 2009; D'Amour et al., 2006; 

Spence et al., 2011). However, these methods (1) utilize complex and lengthy differentiation 

protocols often with only low to moderate efficiency (Murry and Keller, 2008), (2) tend to yield 

cells with immature properties and incomplete functionality, and (3) harbour a risk for teratoma 

formation (Hentze et al., 2009). The number of intermediate states (steps) required in a protocol 

is an important factor for the overall efficiency of differentiation. At 80% differentiation 

efficiency for each step, a 2 step differentiation protocol would have 64% overall efficacy and 3 

step protocol would be 51.2%. The low efficacy of 50% differentiation efficacy would also mean 

that 1 out of 2 cells are not desired and these contaminating cells results in many complications 

in downstream applications. In order to overcome this issues, several groups have created self-

renewing endoderm progenitors that can be used as an alternative cell source (Cheng et al., 2012; 

Hannan et al., 2013), but these early endoderm progenitors remain relatively naive in the 

differentiation landscape and still requires much differentiation steps to generate desired 

endoderm cell types. There is a need to generate later endoderm progenitors that can give rise to 

organ cell type of interest in shorter time and lesser steps. Beside late endoderm progenitors, 

adult stem cells which are already committed to form specific organ lineage are desirable cell 

sources. In addition, these adult stem cells would generate cell types of adult phenotype 

compared to cells generated from PSC origins. 

BRIEF SUMMARY OF THE INVENTION 

[0006] 	Described herein are multipotent endoderm spheroid progenitor cells (MESPs), a 

human pluripotent stem cell (hPSC)-derived self-renewing progenitor population that can serve 

as a source of human hepatic cells as well as other lineages from the posterior foregut such as the 

intestine and pancreas. By recapitulating the stepwise process of liver differentiation during 

development, the methods described herein enable the scalable production of MESP-derived 

hepatic organoids that contain the major parenchyma hepatic liver cell types, hepatocytes and 

cholangiocytes. These two cell types self-organize into structures resembling the human liver 
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unit and possess many liver specific functions. Using Genome editing CRISPR/Cas technology, 

the instant inventors developed a liver organoid model of familiar hypercholesterolemia, and 

demonstrated the response of the diseased liver organoid to statins. In addition, the inventors 

generated the organoids in a high throughput manner which can be adapted for large scale 

screenings, demonstrating the applicability of the technology for both research and industrial 

applications. In addition, employing similar technology, liver organoids were generated from 

adult stem cells and these organoids exhibit similar structures and liver specific functions as 

organoids generated from MESP cells. 

[0007] 	The inventors have surprisingly discovered that a single media can be used to generate 

both hepatocytes and cholangiocytes. This is contrary to what is known in the art. For example, 

TGFB signaling promotes bile duct cell formation but inhibits hepatocyte formation. TGFB 

signaling molecules are typically added to bile duct cell cultures, but are excluded from culture 

media used to generate hepatocytes, and in many methods inhibitors of the TGFB pathway are 

added to the media used to generate hepatocytes. 

[0008] 	In one aspect, a liver organoid is provided, the liver organoid comprising at least two 

cell types selected from the group consisting of hepatocytes, cholangiocytes, liver specific 

endothelial cells (LSEC), stellate cells, hepatic myofibroblast and hepatoblasts. In some 

embodiments, the hepatocytes 

a) express albumin (ALB); 

b) express at least one hepatocyte marker selected from the group consisting 

of: HNF4a (NCBI: 3172), FAH (NCBI: 2184), TAT (NCBI: 6898), GCK (NCBI: 2645), TTR 

(NCBI: 7276), MET (NCBI: 4233), GLU1/MGAM (NCBI: 8972), FAHD2A (NCBI: 51011), 

HNF1B (NCBI: 6928), HNF1A (NCBI: 6927), CYP3A4 (NCBI: 1576), CYP2C9 (NCBI: 1559), 

CYP2C19 (NCBI: 1557), CYP1A2 (NCBI: 1544), CYP2E1 (NCBI: 1571), CYP2D6 (NCBI: 

1565), CYP3A7 (NCBI: 1551), CYP1A1 (NCBI: 1543), CYP3A5 (NCBI: 1577), CYP27A1 

(NCBI: 1593), MRP2 (NCBI:1244), NTCP (NCBI: 6554), OATP1B3 (NCBI: 28234), UGT2B7 

(NCBI: 7364), UGT2B15 (NCBI: 7366), UGT1A1 (NCBI: 54658), CEBP (NCBI: 1050), KRT8 

(NCBI: 3856), NOTCH2 (NCBI: 4853) and CYP2B6 (NCBI: 1555); and 
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c) do not express the cholangiocyte marker Cytokeratin 7 (CK7) 

[0009] 	In some embodiments, the hepatocyte markers comprise or consist of HNF4a (NCBI: 

3172), FAH (NCBI: 2184), TAT (NCBI: 6898), GCK (NCBI: 2645), TTR (NCBI: 7276), MET 

(NCBI: 4233), GLU1/MGAM (NCBI: 8972), FAHD2A (NCBI: 51011), HNF1B (NCBI: 6928), 

HNF1A (NCBI: 6927), CYP3A4 (NCBI: 1576), CYP2C9 (NCBI: 1559), CYP2C19 (NCBI: 

1557), CYP1A2 (NCBI: 1544), CYP2E1 (NCBI: 1571), CYP2D6 (NCBI: 1565), CYP3A7 

(NCBI: 1551), CYP1A1 (NCBI: 1543), CYP3A5 (NCBI: 1577), CYP27A1 (NCBI: 1593), 

MRP2 (NCBI:1244), NTCP (NCBI: 6554), OATP1B3 (NCBI: 28234), UGT2B7 (NCBI: 7364), 

UGT2B15 (NCBI: 7366), UGT1A1 (NCBI: 54658), CEBP (NCBI: 1050), KRT8 (NCBI: 3856), 

NOTCH2 (NCBI: 4853) and CYP2B6 (NCBI: 1555). 

[0010] 	In some embodiments, the cholangiocytes express CK7 but do not express albumin 

(ALB). In some embodiments, the cholangiocytes further express a marker selected from CFTR 

(NCBI: 1080), CK19 (NCBI: 3880), HNF1B (NCBI: 6928) or SOX9 (NCBI: 6662). 

[0011] 	In some embodiments, the hepatoblasts express at least one marker selected from the 

group consisting of SOX9 (NCBI: 6662), CK19 (NCBI: 3880), CK18 (NCBI: 3875), HNF4a 

(NCBI: 3172), PROX1 (NCBI: 5629), ONECUT1 (NCBI: 3175), AFP (NCBI: 174), and ALB 

(NCBI: 213). 

[0012] 	In some embodiments, the liver specific endothelial cells (LSEC) express at least one 

marker selected from the group consisting of CD45, CD80, CD86, CD1 lc, VAP1, STAB1 and 

CD31, wherein the CD31 expression that is mainly expressed in the cytoplasm and not on the 

cell surface. 

[0013] 	In some embodiments, the stellate cells express at least one marker selected from the 

group consisting of GFAP, VIM, LHX2, LRAT, PDGFRb, HAND2, ICAM-1, VCAM-1, and N- 

CAM-1. 

[0014] 	In some embodiments, the hepatic myofibroblast express a marker selected from the 

group consisting of COL 1A1 and a-SMA. 

[0015] 	In some embodiments, the parenchymal cell types originate from the same stem cell. 
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[0016] 	In some embodiments, the liver organoid cells are cultured in suspension without the 

use of extracellular matrices. 

[0017] 	In some embodiments, the organoids are capable of performing liver functions and 

exhibit a spatially organized structure observed in liver. In some embodiments, the liver 

functions are selected from the group consisting of liver specific metabolic activities, albumin 

secretion, glycogen storage, low density lipo-protein uptake, bile acid production, drug 

metabolism, and cytochrome enzymatic activities. In some embodiments, the spatially organized 

structure comprises a core of hepatocytes and peripheral bile duct-like structures formed by 

cholangiocytes around the core of hepatocytes. In some embodiments, the spatially organized 

structure comprises endogenous extracellular matrix adhesion molecules. In some cases, the 

spatially organized structure comprises liver parenchymal cells in both the interior and exterior 

of the organoid. In some embodiments, the hepatocytes are connected by a network of bile 

canaliculi to the cholangiocyte bile duct-like structures. 

[0018] 	In another aspect, a media for generating hepatic organoids is provided, the media 

comprising: 

a) an activator of STAT3, GAB 1 mediated cell adhesion and AKT/PI3K signaling 

pathways; 

b) a molecule which is an repressor of NFKB activity and activator of mitogen-

activated protein (MAP) kinase ERK, p38 and JNK; 

c) a TGF-(3 inhibitor and/or SMAD2/3 inhibitor; 

e) a steroid; 

f) at least one molecule for inducing phosphorylation of SMAD I, SMAD5 and 

SMAD8 and activating MAPK signaling; and 

g) a molecule that regulates bile acid synthesis and/or activates the FGF and 

MAPK pathway. 

[0019] 	In some embodiments, the media further comprising a WNT-signaling activator. 

[0020] 	In another aspect, a media for generating hepatic organoids is provided, the media 

comprising: 
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a TGF-(3 inhibitor and/or SMAD2/3 inhibitor; 

a pleiotropic cytokine that belongs to the interleukin 6 group of cytokines; 

an inhibitor of y-secretase; and 

a steroid. 

[0021] 	In another aspect, a method of deriving and maintaining a hepatic (liver) organoid is 

provided, the method comprising: 

a) culturing an endoderm stem cell in a first cell culture medium to obtain an 

early hepatic progenitor; 

b) transferring and culturing the cells obtained under a) in a suspension 

culture system in a second cell culture medium to obtain a late hepatic progenitor; and 

c) culturing the late hepatic progenitors obtained under b) in a suspension 

culture system in a third cell culture medium to obtain a hepatic (liver) organoid. 

[0022] 	In some embodiments, the endoderm stem cell is an early endoderm progenitor cell, a 

pluripotent stem cell, an induced pluripotent stem cell, a human embryonic stem cell, an MESP, 

or an adult liver stem cell. In some embodiments, the endoderm stem cell is an MESP or an 

adult liver stem cell. 

[0023] 	In some embodiments, the first medium comprises: 

an activator of STAT3, GAB I mediated cell adhesion and AKT/PI3K signaling 

pathway; 

a molecule which is an repressor of NficBactivity and activator of mitogen-

activated protein (MAP) kinase ERK, p38 and JNK; 

a TGF-(3 inhibitor and/or SMAD2/3 inhibitor; 

a WNT-signaling activator; 

a steroid; 

at least one molecule(s) inducing phosphorylation of SMAD I, SMAD5 and 

SMAD8 and activating MAPK signaling; and 

a molecule activating the FGF and MAPK pathway. 
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[0024] 	In some embodiments, the culturing under a) is carried out together with a cellular 

support or an extracellular matrix. In some embodiments, the extracellular matrix promotes cell 

differentiation and is made of a material selected from the group consisting of matrigel, gelatine, 

methylcellulose, collagen, alginate, alginate beads, agarose, fibrin, fibrin glue, fibrinogen, blood 

plasma fibrin beads, whole plasma or components thereof, laminins, fibronectins, 

protecogylcans, HSP, chitosan, heparin, other synthetic polymer or polymer scaffolds and solid 

support materials. 

[0025] 	In some embodiments, the culturing under a) is for 1 to 10 days or 1 to 8 days or 1 to 6 

days. In some embodiments, the culturing under b) is for 6 to 12 days or 4 to 10 days or 6 to 8 

days. In some embodiments, the culturing under c) is for 18 to 26 days or 20 to 24 days or 19 to 

22 days. 

[0026] 	In some embodiments, the second cell culture medium comprises: 

an activator of STAT3, GAB1 mediated cell adhesion and AKT/PI3K signaling 

pathway; 

a molecule which is an repressor of NficBactivity and activator of mitogen-

activated protein (MAP) kinase ERK, p38 and JNK; 

a TGF-(3 inhibitor and/or SMAD2/3 inhibitor; 

a steroid; 

a molecule inducing phosphorylation of SMAD1 and SMAD5 and activating 

MAPK signaling; and 

a molecule that regulates bile acid synthesis and activates a FGF and MAPK 

pathway. 

[0027] 	In some embodiments, the second cell culture medium further comprises a component 

to promote survival of late hepatic progenitors, wherein the component is selected from one or 

two or three or all of the following components: 

an activator of AKT/PI3K signaling pathway and MAPK signaling pathway; 

an activator of cAMP-dependent pathways or an activator of Protein Kinase A 

signaling pathway; 
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an activator of the Notch receptor; 

an inhibitor of histone deacetylase (HDACs); and/or 

a component for inducing late hepatic progenitor formation. 

[0028] 	In some embodiments, the component for inducing late hepatic progenitor formation is 

a WNT-signaling activator, an inhibitor of y-secretase; and/or a YAP inhibitor. 

[0029] 	In some embodiments, the third cell culture medium comprises: 

a TGF-0 inhibitor and/or SMAD2/3 inhibitor; 

a pleiotropic cytokine that belongs to the interleukin 6 group of cytokines; 

an inhibitor of y-secretase; and/or 

a steroid. 

[0030] 	In some embodiments, the third cell culture medium further comprises: 

a compound inducing phosphorylation of SMAD1, SMAD5 and SMAD8 and 

activating MAPK signaling; 

an interleukin that acts as both a pro-inflammatory cytokine and an anti- 

inflammatory myokine; 

a compound that acts as a hormone regulating bile acid synthesis and activates 

FGF and MAPK pathway; 

an activator of cAMP-dependent pathways; 

a YAP inhibitor; 

a compound with biliary acid potency; 

an activator of STAT3, GAB1 mediated cell adhesion and AKT/PI3K signaling 

pathway; 

a glycosaminoglycan; and/or 

an activator of AKT/PI3K signaling pathway and MAPK signaling pathway 

[0031] 	In another aspect, a multipotent endoderm spheroid progenitor (MESP) cell is provided. 

In some embodiments, the MESP expresses one, two, three, four, five, six, seven, or more or all 

of the markers selected from the group consisting of HNF4A (NCBI Gene: 3172), PDX1 (NCBI 

Gene: 3651), CDX2 (NCBI Gene: 1045), SOX9 (NCBI Gene: 6662), KRT19 (NCBI Gene: 

9 



WO 2017/048193 
	

PCT/SG2016/050448 

3880), AFP (NCBI Gene: 174), ONECUT2 (NCBI Gene: 9480), LGR5 (NCBI Gene: 8549), 

EPHB2 (NCBI Gene: 2048), LGR4 (NCBI Gene: 55366), NR5A2 (NCBI Gene: 2494), CDH1 

(NCBI Gene: 999), KRT7 (NCBI Gene: 3855), ZNF503 (NCBI Gene: 84858), MSX2 (NCBI 

Gene: 4488), TRPS1 (NCBI Gene: 7227), ASCL2 (NCBI Gene: 430), IRF8 (NCBI Gene: 3394), 

HNF4G (NCBI Gene: 3174), ID2 (NCBI Gene: 3398), CD44 (NCBI Gene: 960), EPCAM 

(NCBI Gene: 4072), MET (NCBI Gene: 4233), IHH (NCBI Gene: 3549) and CLDN3 (NCBI 

Gene: 1365). In some embodiments, the MESP does not express a marker selected from the 

group consisting of SOX2 (NCBI Gene: 6657), CER1 (NCBI Gene: 9350), GATA4 (NCBI 

Gene: 2626), SOX17 (NCBI Gene: 64321), FOXA2 (NCBI Gene: 3170) and CXCR4 (NCBI 

Gene: 7852). In some embodiments, the karyotype of the MESP is normal for at least 10 

passages in culture. In some embodiments, the MESP cells are polarized. 

In another aspect, a culture medium for deriving and maintaining endoderm spheroid progenitor 

cells is provided, the medium comprising: 

a) a TGF-(3 inhibitor and/or SMAD2/3 inhibitor; and 

b) a WNT-signaling activator. 

[0032] 	In some embodiments, the medium further comprises a steroid. In some embodiments, 

the WNT-signaling activator is a GSK3 inhibitor. In some embodiments, the medium further 

comprises an activator of AKT/PI3K signaling pathway and MAPK signaling pathway; an 

activator of STAT3, GAB1 mediated cell adhesion and AKT/PI3K signaling pathway; an 

activator of cAMP-dependent pathways and/or Protein Kinase A signaling pathway; a compound 

that activates the Notch receptor; a molecule which is an repressor of NFKB activity and 

activator of mitogen-activated protein (MAP) kinase ERK, p38 and JNK; a compound selected 

from the group consisting of nicotinamide, nicotinic acid, 5-fluoronicotinamide, isonicotinic acid 

hydrazide, and nikethamide; and an inhibitor of histone deacetylase. 

[0033] 	In another aspect, a method for producing a multipotent spheroid progenitor (MESP) 

cell is provided, the method comprising: 
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i) culturing an endoderm progenitor cell in a first medium on a cellular support 

under conditions suitable to differentiate the endoderm progenitor cell into a definitive endoderm 

(DE) cell; 

ii) culturing the definitive endoderm cell in a second medium under conditions 

suitable to differentiate the definitive endoderm cell into a primitive gut cell; and 

iii) culturing the primitive gut cell in a third medium on a cellular support under 

conditions suitable to differentiate the primitive gut cell into a MESP cell. 

[0034] 	In some embodiments, the conditions suitable to differentiate the endoderm progenitor 

cell into a definitive endoderm (DE) cell, and the conditions suitable to differentiate the 

definitive endoderm cell into a primitive gut cell comprise two-dimensional monolayer culture. 

In some embodiments, the conditions suitable to differentiate the endoderm progenitor cell into a 

definitive endoderm (DE) cell, and the conditions suitable to differentiate the definitive 

endoderm cell into a primitive gut cell comprise three-dimensional monolayer culture. In some 

embodiments, the conditions suitable to differentiate the primitive gut cell into a MESP cell 

comprise three-dimensional culture. 

[0035] 	In some embodiments, the first medium comprises an activator of TGF-(3 signaling 

pathway. In some embodiments, the second medium comprises an activator of BMP signaling 

pathway and an activator of FGF signaling pathway. In some embodiments, the third medium 

comprises an inhibitor of TGF-(3 signaling pathway, an activator of WNT signaling pathway, and 

an activator of Notch signaling pathway. In some embodiments, the third medium further 

comprises: 

a) 	a SMAD2/3 inhibitor 

c) a steroid 

d) an activator of AKT/PI3K signaling pathway and/or MAPK signaling 

pathway 

e) an activator of STAT3, GAB I mediated cell adhesion and AKT/PI3K 

signaling pathway 

f) an activator of cAMP-dependent pathways, such as an activator of Protein 

Kinase A signaling pathway 
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h) a repressor of NFKB activity and activator of mitogen-activated protein 

(MAP) kinase ERK, p38 and JNK, or 

i) an inhibitor of histone deacetylase (HDACs). 

[0036] 	In some embodiments, the cellular support comprises a material selected from the 

group consisting of matrigel, gelatine, methylcellulose, collagen, alginate, alginate beads, 

agarose, fibrin, fibrin glue, fibrinogen, blood plasma fibrin beads, whole plasma or components 

thereof, laminins, fibronectins, protecogylcans, HSP, chitosan, heparin, and synthetic polymers 

or polymer scaffolds. 

[0037] 	In another aspect, a pancreatic spheroid is provided. In some embodiments, the 

pancreatic spheroid comprises cells that express the markers PDX1 (NCBI 3651) and NKX6.1 

(NCBI 4825). In some embodiments, the pancreatic spheroid comprises pancreatic exocrine and 

endocrine cells. In some embodiments, the pancreatic spheroid comprises cells that express: 

a) an endocrine marker selected from the group consisting of GCG (NCBI 2641), 

INS (NCBI 3630), and SST (NCBI 6750); and/or 

b) a marker selected from the group consisting of PDX1 (NCBI 3651), NKX6.1 

(NCBI 4825), NKX2.2 (NCBI 4821), NEUROD1 (NCBI 4760), and MAFA (NCBI 389692); 

and/or 

c) an acinar cell marker selected from the group consisting of PRSS1 (NCBI 

5644), CPA1 (NCBI 1357), AMY1 (NCBI 276), and CTRC (NCBI 11330); and/or 

d) the duct marker Keratin 19 (NCBI 3880) 

[0038] 	In some embodiments, the pancreatic spheroid cells secrete one or more hormones or 

enzymes selected from INS(NCBI 3630), GCG (NCBI 2641), SST (NCBI 6750) or PRSS1 

(NCBI 5644). In some embodiments, the pancreatic spheroid cells do not express EPCAM and 

SOX9. 

[0039] 	In another aspect, a method of manufacturing a pancreatic spheroid is described, 

wherein the method comprises: 

a) 	culturing an endoderm progenitor cell in a first cell culture medium to 

obtain an early pancreatic endoderm progenitor; 
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b) transferring the cells obtained under a) into a second cell culture medium 

and culturing the cells in a suspension culture system to obtain a late pancreatic endoderm 

progenitor; 

c) culturing the cells obtained under b) in a third cell culture medium in a 

suspension culture system to obtain the pancreatic organoid. 

[0040] 	In some embodiments, the cells in a) are cultured together with an extracellular matrix. 

In some embodiments, the culturing under a) is for 1 to 10 days or 1 to 8 days or 1 to 6 days or 1 

to 4 days. In some embodiments, the culturing under b) is for 8 to 16 days or 6 to 14 days or 4 to 

12 days or 5 to 10 days. In some embodiments, the culturing under c) is for 18 to 26 days or 20 

to 24 days or 19 to 22 days or 16 to 20 days. 

[0041] 	In some embodiments, the early pancreatic endoderm progenitor expresses one or more 

markers selected from: SOX9 (NCBI: 6662), PDX1 (NCBI: 3651), NKX6.1 (NCBI: 4825), and 

CK19 (3880). In some embodiments, the late pancreatic endoderm progenitor express one or 

more markers selected from: PDX1 (NCBI: 3651), NKX6.1 (NCBI: 4825), NEUROG3 (NCBI: 

50674), NKX2.2 (NCBI: 4821), NEUROD1 (NCBI: 4760), and PAX6 (NCBI: 5080). 

[0042] 	In another aspect, a medium for early pancreatic endoderm progenitor formation is 

provided, wherein the medium comprises: 

a) an activator of AKT/PI3K signaling pathway and/or MAPK signaling 

pathway; 

b) a TGF-(3 inhibitor and/or SMAD2/3 inhibitor; 

c) a WNT-signaling activator; and/or 

d) a FGF and MAPK pathway activator. 

[0043] 	In some embodiments, the medium further comprises a molecule which is an repressor 

of NFKB activity and/or an activator of mitogen-activated protein (MAP) kinase ERK, p38 and 

JNK. In some embodiments, the medium further comprises: 

an activator of STAT3, GAB1 mediated cell adhesion and AKT/PI3K signaling 

pathway; 

a cAMP-dependent pathway activator; 
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a Notch receptor activator; 

an inhibitor of histone deacetylase (HDACs); and/or 

a steroid. 

[0044] 	In another aspect, a medium for late pancreatic endoderm progenitor formation is 

provided, wherein the medium comprises: 

a metabolite of retinol; 

a (selective) ALK2, ALK3 and ALK6 inhibitor; 

a FGF and MAPK pathway activator; 

a protein kinase C activator; and 

a Smoothened (Smo) and Sonic hedgehog (Shh) inhibitor. 

[0045] 	In some embodiments, the medium further comprises an inhibitor of y-secretase; an 

activator of AKT/PI3K signaling pathway and MAPK signaling pathway; a molecule which is an 

repressor of NFid3 activity and activator of mitogen-activated protein (MAP) kinase ERK, p38 

and JNK; and/or a compound selected from the group consisting of nicotinamide, nicotinic acid, 

5-fluoronicotinamide, isonicotinic acid hydrazide, and nikethamide. 

[0046] 	In another aspect, a medium for deriving and maintaining a pancreatic spheroid, 

wherein the medium comprises: 

a metabolite of retinol; 

an inhibitor of ACTR-IB, TGF f3 RI and ACTR-IC; 

a (selective) ALK2, ALK3 and ALK6 inhibitor; 

a FGF and MAPK pathway activator; 

a y-secretase inhibitor; 

a Smoothened (Smo) and Sonic hedgehog (Shh) inhibitor; 

an AMPK signaling activator; and/or 

a glycosaminoglycan. 

[0047] 	In some embodiments, the medium further comprises an inhibitor of y-secretase; an 

activator of AKT/PI3K signaling pathway and MAPK signaling pathway; a molecule which is an 

repressor of NFid3 activity and activator of mitogen-activated protein (MAP) kinase ERK, p38 
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and JNK; and/or a compound selected from the group consisting of nicotinamide, nicotinic acid, 

5-fluoronicotinamide, isonicotinic acid hydrazide, and nikethamide. 

[0048] 	In another aspect, an intestinal organoid is provided. In some embodiments, the 

intestinal organoid comprises cells that express the intestinal markers Villin and CDX2. In some 

embodiments, the intestinal organoid comprises coiled structures having a lumen. In some 

embodiments, the intestinal organoid comprises cells are polarized and comprise an 

asymmetrical distribution of Villin. 

[0049] 	In another aspect, a method for screening a compound for a biological effect is 

provided. In some embodiments, the method comprises contacting a liver or intestinal organoid 

described herein with a compound (e.g., a test compound), and determing the biological effect. 

In some embodiments, the compound is a small molecule, such as an organic molecule having a 

molecular weight of less than about 50 kDa, less than about 10 kDa, less than about 1 kDa, less 

than about 900 daltons, or less than about 500 daltons. In some embodiments, the biological 

effect is toxicity. In some embodiments, the expression or activity of a marker is determined 

after contacting the organoid with the test compound. 

DEFINITIONS 

[0050] 	The term "about," when modifying any amount, refers to the variation in that amount 

typically encountered by one of skill in the art, i.e., in the field of stem cell and organoid 

derivation and differentiation. For example, the term "about" refers to the normal variation 

encountered in measurements for a given analytical technique, both within and between batches 

or samples. Thus, the term about can include variation of 1-10% of the measured amount or 

value, such as +/- 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9% or 10% variation. The amounts 

disclosed herein include equivalents to those amounts, including amounts modified or not 

modified by the term "about." 

[0051] 	All numerical ranges disclosed herein include the lower and upper end points of the 

range, and all numerical values in between the end pionts, to the significant digit. For example, a 

range of 1 to 10 includes 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10. A range of 0.1 to 5.0 includes 0.1, 0.2, 

0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, ...4.8, 4.9, and 5.0. 
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[0052] 	The term "substantially" when referring to expression of a gene, protein or cellular 

marker refers to the complete or nearly complete extent or degree of expression. For example, a 

cell population that is "substantially" negative of a particular cellular marker is either completely 

negative for the particular cellular marker or at least 95%, or at least 96%, or at least 97%, or at 

least 98%, or at least 99%, or at least 99.9% of the cell population is negative for the particular 

cellular marker. A cell culture system that is "substantially" free of a particular agent would 

mean that the cell culture system is either completely free of the agent or is at least 95%, or at 

least 96%, or at least 97%, or at least 98%, or at least 99%, or at least 99.9% free of the particular 

agent. 

[0053] 	The term "organoids" refers to an in vitro 3 dimensional population of cells which 

resemble the vertebrate, mammalian or human organ. An organoid satisfies the following 

criteria; 1) contains multiple cell types of the organ, 2) different cell types are spatially organized 

into structures that resemble the organ tissue, 3) organoids should perform organ specific 

functions in vitro. 

[0054] 	The term "spheroids" refers to an in vitro three-dimensional population of cells which 

form sphere-like structures. Unlike organoids, spheroids do not have multiple organ cell types, 

consist mainly of stem cells and do not form structures resembling the organs. 

[0055] 	The term "parenchyma" refers to the functional cell types that compose the organ as 

compared to the connective and vascular supportive tissues. 

[0056] 	The term "progenitor cell" refers to a cell state which has the ability to give rise to one 

or more daughter cells of a different cell state. 

[0057] 	The term "early endoderm progenitor cell" refers to a cell that has ability to generate 

endodermal cell types in the organs of the human gut system. The early endoderm progenitor cell 

typically expresses early endoderm markers SOX17 and CXCR4. 

[0058] 	The term "late endoderm progenitor cell" refers to a cell that has ability to generate 

endodermal cell types in the organs of the human gut system. The late endoderm progenitor cell 

typically expresses SOX9 but does not express early endoderm markers SOX17 and CXCR4. 
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[0059] 	The term "endoderm progenitor cell" refers to a cell that has the potential to generate 

all cell types found in the differentiated or adult liver tissue. 

[0060] 	The term "endoderm spheroid progenitor cell" refers to a cell that is maintained in a 

spheroid culture system and has the potential to generate generate all cell types found in the 

differentiated or adult liver, intestine and pancreatic tissue. 

[0061] 	The term "early hepatic progenitor" refers to a cell that has the potential to generate cell 

types found in the differentiated or adult liver tissue and expresses early hepatic progenitor 

markers such as AFP. 

[0062] 	The term "late hepatic progenitor" refers to a cell that has the potential to generate cell 

types found in the differentiated or adult liver tissue and expresses late hepatic progenitor 

markers such as ALB. 

[0063] 	The term "adult liver stem cell" refers to a cell that is isolated from adult liver and has 

the capacity to produce different cell types of the liver. In some embodiments, the adult liver 

stem cell is isolated from a mammal such as a rodent (e.g., mice or rats), bovine, porcine, or 

human 

[0064] 	The term "stem cell" refers to a cell state which can stably proliferate and maintain its 

cell state. A stem cell can undergo symmetrical cell division to give rise to 2 daughter cells of 

similar cell state or asymmetrical division to give rise to 1 daughter cell of similar cell state and 1 

daughter cell of different cell state. The term includes an undifferentiated or unspecialized cell 

capable of perpetuating itself through cell division and having the potential to give rise to 

differentiated cells with specialized functions, such as liver cells, pancreatic cells, and intestinal 

cells. 

[0065] 	The term "bile duct-like" refers to structures that resemble the bile ducts in a liver. The 

bile duct is formed by cholangiocytes which are organized to envelope a lumen. 

[0066] 	The term "functionally connected" refers to a structural connection between two 

separate cell types, which, for example, facilitates the transportation of molecules between the 

two separate cell types, or provides conditions that promote maturation and differentiation of one 
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or more cell types described herein. In some embodiments, the functional connection refers to 

transport of molecules between cells by diffusion, by active transport, or through a physical 

cellular structure such as a bile duct-like structure or bile canaliculi. 

[0067] 	The term "not expressed" or "undetectable" refers to marker expression that is not more 

than 1.5 fold greater than the background expression or expression by a negative control. For 

example, if the assay is an immunofluorescence (IF) staining assay, then the protein is 

considered "not expressed" if the fluorescent signal is not greater than 1.5 fold the background 

signal when omitting the primary detection antibody, or is not greater than 1.5 fold the 

fluorescence signal of a control cell that does not express the marker (i.e., is negative for the 

marker). In microarray assays and quantitative RT-PCR assays, the transcript is not expressed 

when the RNA expression or relative intensity is less than 1.5 fold higher than a control cell that 

does not express the transcript. 

[0068] 	The term "expressed" or "enriched" refers to the presence of more than 1.5-fold greater 

detectable marker expression when compared to background expression or expression by a 

negative control. For example, if the assay is quantitative PCR assay, then a marker is 

considered to be "expressed" or "enriched" if the expression level is greater than 1.5-fold the 

expression of a negative control sample. If the assay is an immunofluorescence (IF) staining 

assay, then the marker protein is considered "expressed" or "enriched" if the fluorescent signal is 

greater than 1.5 fold the background signal when omitting the primary detection antibody, or is 

greater than 1.5 fold the fluorescence signal of a control cell that does not express the marker 

(i.e., is negative for the marker). 

[0069] 	The term "suspension culture" or "suspension culture system" refers to any culture 

conditions or system in which the cells are not embedded in a solid or semi-solid matrix and are 

free floating in the culture apparatus without resting on the bottom of the apparatus, or are not 

attached to a cellular feeder layer or cellular support layer. 

[0070] 	The term "solid support materials" refers to solid or semi solid materials used in 

supporting cell growth where the cells are not in suspension culture. 
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[0071] 	The term "cellular support" refers a material that provides structural and nutritional 

support to cells in culture. The cellular support can provide both structural support and cytokines 

that play a part in maintaining liver stem cells in the undifferentiated state. The cellular support 

can comprise a material selected from the group consisting of matrigel, gelatine, methylcellulose, 

collagen, alginate, alginate beads, agarose, fibrin, fibrin glue, fibrinogen, blood plasma fibrin 

beads, whole plasma or components thereof, laminins, fibronectins, protecogylcans, HSP, 

chitosan, heparin, and synthetic polymers or polymer scaffolds. In some embodiments, the 

cellular support maintains the stem cells in a 3D structure such as a spheroid or organoid. In 

some embodiments, the cellular support comprises an extracellular matrix as further described 

herein. 

[0072] 	The term "endogenous" refers to a component or molecule of a biological system that is 

produced by or synthesized by the cells or organoids described herein. The term "exogenous" 

refers to a component or molecule of a biological system that orginates from, or is produced or 

synthesized by an agent outside the biological system, for example, a molecule that is not 

produced by or synthesized by the cells or organoids described herein. 

[0073] 	The term "genetically modified" refers to a cell that comprises an exogenouos nucleic 

acid that is not present in the unmodified cell, or that does not have the same structure as an 

endogenous nucleic acid or gene. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0074] 	Figure 1. Schematic of MESP derivation from pluripotent stem cells. Stepwise 

differentiation of PSC along the endoderm lineage. PSC is differentiated to definitive endoderm 

cells and subsequently primitive gut cells in 2D before culturing in 3D to form MESP. 

[0075] 	Figure 2. Induction of Definitive Endoderm (DE) and primitive GUT markers during 

differentiation of PSC to MESP. Pluripotency markers such as OCT4 and NANOG are 

downregulated in the process. Markers such as SOX17, HHEX1, CER1 and CXCR4 are 

upregulated in DE cells and subsequently downregulated as the cells further progress to form the 

primitive GUT cells. Markers such as HNF4A, HNF1B and FOXA2 are progressively 
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upregulated. Results suggest a progressive commitment of the cells along the endoderm lineage 

and cells no longer resemble definitive endoderm progenitor. 

[0076] 	Figure 3A. Long term culture of MESP. MESP can be stably passage up to 19 times for 

approximately 260 days. 

[0077] 	Figure 3B. Long term culture of MESP. MESP can form from single cells seeded 

during each passage. This reflects the clonal expansion potential of the cells and each stem cell 

within spheroids is capable of forming MESP. 

[0078] 	Figure 4. MESP expresses markers of the posterior Foregut. During development, 

various part of the gut tube give rise to major organs from the trachea to the large intestine. 

Specifically, the Anterior foregut give rise to the trachea, esophagus and lung, the posterior 

foregut give rise to the duodenum, liver and pancreas and the midgut and hindgut forms the 

small and large intestine respectively. Each regions of the gut tube expresses specific markers. 

MESP specifically expresses transcripts of genes that are enriched in the posterior foregut. 

Relative fold change was obtained by normalizing the level of gene expression to hESC. Data 

supports that these progenitors are capable of forming tissues of these 3 organs. 

[0079] 	Figure 5A. Homogenous expression of stem cell markers in MESP. Protein markers 

such as HNF4A, CDX2 and PDX1 are homogenously expressed in all the cells. The cells also 

express adult stem cells markers such as CK19 and SOX9. 

[0080] 	Figure 5B. Homogenous expression of stem cell markers in MESP. FACS analysis of 

MESP cells stained for the 3 markers PDX1, CDX2 and HNF4A. The result shows that the cells 

are homogenously stained for all 3 markers compared to the control DE cells and hESC which do 

not express these markers. 

[0081] 	Figure 6. Scalability of MESP culture system. MESP can be culture in larger culture 

vessel from 8 well chamber slides to (surface area per well of 0.8cm2  ) to 12 well dish (surface 

area per well 3.7cm2). The MESP cultured in different culture vessel is highly similar. The 

number of cells increases proportionally to the size of the culture vessel. The results underline 

20 



WO 2017/048193 
	

PCT/SG2016/050448 

the scalability of the culture system to generate large number of cells for downstream 

applications. 

[0082] 	Figure 7A. Stable long term MESP culture. The number of cells generated per well (8 

well chamber slide) remains consistent over long term culture. Total number of cells after 21 

passages in a well is comparable to 6 passages. This data supports the long term self-renewing 

capacity of MESP and the cells do not senescence over long term culture up 280 days. 

[0083] 	Figure 7B. Stable long term MESP culture. Cells in MESP are assayed for karyotypic 

abnormalities. The cells maintain a normal karyotype after long term culture for 10 passages 

(-140 days). 

[0084] 	Figure 8. Transcriptome of MESP is different from hESC, DE and GUT. Global gene 

expression profile of hESCs, DE cells, GUT cells and MESPs are profiled using Whole genome 

microarrays. The transcriptome profile of MESP clusters distinctively from the other 3 cell 

states. The expression profile suggests that MESP is a unique stem cell state compared to DE and 

GUT endoderm cells. 

[0085] 	Figure 9: MESP do not express DE progenitor-specific genes. Expression of endoderm 

markers unique to DE progenitor cells (Cheng et al. and Hannan et al.) and MESP. DE 

progenitor markers identified in previous studies such as GATA3, GATA4, SOX17, FOXA2, 

CXCR4 are expressed in the DE cells profiled and not in MESP. Correspondingly, MESP 

specific markers such PDX1, CDX2, HNF4A, SOX9, and KRT19 are not expressed in the DE 

cells. 

[0086] 	Figure 10: MESP expresses many genes found in fetal and adult stem cells. Expression 

of a list of the stem cell markers expressed in fetal and adult stem cells from various organs 

including intestine, liver, pancreas, colon and prostate. Many of these genes are expressed in 

MESP compared to DE and hESCs. Results underline the late endoderm cellular state of MESP. 

[0087] 	Figure 11: Intestinal organoid generated from MESP. MESP was differentiated to 

intestinal organoid using similar method describe in Spence et al. Within 3 weeks of 
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differentiation, gut-like coiled structures which resemble the small intestine can be observed. The 

gut-like structures are envelope in a layer of fibroblast-like cells. 

[0088] 	Figure 12. Intestinal organoid expresses key intestinal tissue markers CDX2 and Villin. 

All the cells in the intestinal organoids stains positive for the intestinal markers CDX2 and 

Villin. The cells self-organize in culture to form a lumen resembling the intestinal track. 

Asymmetrical distribution of Villin suggests the cells are polarized, similar to cells lining the 

small intestine. 

[0089] 	Figure 13: MESP can be generated from induced pluripotent stem cells (iPSC). While 

iPSCs closely resemble hESCs, these cells exhibits molecular differences and may not fully 

recapitulate hESCs characteristics. Results show that we can similarly apply the protocol to 

generate MESP from iPSCs. MESP generated from iPSCs also express key stem cell markers 

HNF4A, CDX2, PDX1, CK19 and SOX9. 

[0090] 	Figure 14: Generating disease models of multiple organs with MESP. Strategies to 

generate in vitro models of liver, pancreas and intestine diseases. Genetic disease of these organs 

can be modeled with stem cells which are amenable to genome editing tools such as 

CRISPR/Cas system. A large number of studies have shown that genetic mutations can be easily 

introduced into hESCs, and somatic cells harboring gene mutations for specific diseases can be 

reprogrammed to iPSCs. These 2 strategies enable the subsequent generation of MESP with 

disease genetic background. As such, the MESP culture system described herein would be useful 

for modeling disease of organs which the MESP is able to generate. 

[0091] 	Figure 15A. Modeling hypercholesterolemia with Low Density Lipoprotein Receptor 

(LDLR) knockout MESP. The PCR amplification of the targeted LDLR exon 1 region from 

genomic DNA of 10 clones generated by genome editing with the CRISPR/Cas system. The red 

arrows demarcate shift in PCR products, indicating the presence of an insertion/deletion 

mutation which changes the size of the DNA. WT = wild-type control. The table outlines the 

mutation efficiency achieved for the LDLR loci genome editing using the CRISPR/Cas system. 

[0092] 	Figure 15B. Modeling hypercholesterolemia with Low Density Lipoprotein Receptor 

(LDLR) knockout MESP. Sequence of exon 1 of LDLR gene locus (SEQ ID NOS:95-96). 
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Highlighted region corresponds to the deleted sequence (SEQ ID NO:97) in the mutant allele 

from a clone with homozygous mutation. Guide RNA binding regions are highlighted in the 

dotted box (SEQ ID NO:98 (gRNA 1); SEQ ID NO:99 (gRNA 2). 

[0093] 	Figure 15C. Modeling hypercholesterolemia with Low Density Lipoprotein Receptor 

(LDLR) knockout MESP. MESP generated from LDLR KO hESC. LDLR deficient MESPs 

express all the key stem cell markers similar to the wild type MESP. 

[0094] 	Figure 16. Endoderm development from pluripotent stem cells to individual organs. 

During development, the pluripotent stem cells first give rise to the definitive endoderm (DE) 

cells as the cells commit to the endoderm lineage. The DE cells give rise to the primitive gut 

where the anterior to the posterior regions would give rise to different organs. During late 

endoderm development, the different parts of the guts start to express specific regulation factors 

(master transcription factors) and is committed to form the respective organs, from the trachea in 

the anterior region to the large intestine in the hindgut. MESP represents late endoderm 

progenitor that is committed to form the liver, pancreas and duodenum. The key advantage of a 

late endoderm progenitor is the reduced cell contaminations when the progenitor is differentiated 

to specific tissue types. Early endoderm progenitors require more differentiation steps to give 

rise to target tissues. As these cells are less committed, they generate tissues of other organs 

during differentiation, generating contaminating cell types. 

[0095] 	Figure 17. Schematic of Liver organoid differentiation from MESP. MESP are seeded 

as single cells in the H1 media in suspension. The cells aggregate to form a spheroid and 

expresses early hepatic progenitor markers such as AFP. The spheroids are subsequently treated 

with H2 induction media to induce late hepatic progenitor formation which express ALB. Lastly, 

the late hepatic progenitor spheroids are differentiated into hepatic organoids using H3 media 

[0096] 	Figure 18. Expression of key hepatic markers in progenitors after H1 and H2 treatment. 

After H1 media treatment, the differentiated MESP (early hepatic progenitor) starts to express 

AFP. This marks the commitment of the cells into the hepatic lineage. After H2 media treatment, 

the cells express ALB, suggesting that the cells are late hepatic progenitors. The stepwise 
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induction of the hepatic markers after each media treatment shows that the system is highly 

controlled and can be utilize for modeling liver development in vitro. 

[0097] 	Figure 19. Bright field images of hepatic organoids differentiated from MESP. The 

organoids contain a dense core of hepatocyte cells reflect by the opaque center. To the 

peripheral, the cells are less dense and bile duct-like cyst structures can be observed. 

[0098] 	Figure 20. Hepatocytes and cholangiocytes in the organoids are differentially marked 

by ALB and CK7 respectively. In the organoids, the ALB positive cells are largely hepatocytes 

and cholangiocytes expresses CK7. The CK7 cells forms cyst like structures in the periphery of 

the organoid with a dense hepatocyte core. The cells are spatially organized and non-randomly 

distributed in the organoids. 

[0099] 	Figure 21A and 21B. Similar arrangement of hepatocytes and cholangiocytes in the 

organoids compared to the liver lobule. The organoids resemble the basic structural unit of the 

liver lobule (A), where the hepatocytes are located in the core of the liver lobule surrounding a 

portal vein, and the cholangiocytes similarly form bile duct-like cyst structures at the periphery 

of the hepatocyte core (B). 

[0100] 	Figure 22. Expression of liver tissue genes in the hepatic organoids. Both hepatocyte 

specific genes and cholangiocyte specific genes are expressed in the liver organoids compared to 

undifferentiated MESP. Result supports the existence of both cell types in the organoids. 

[0101] 	Figure 23. Expression of liver specific enzymes and transporter in the hepatic 

organoids. The liver organoids expresses all the major cytochrome P450 enzymes and also UDP-

glucuronosyltransferase enzymes. These enzymes are important for all the metabolic and 

detoxification functions of the liver. Results supports that the organoids can perform metabolic 

activities of the liver organ. The organoids also expresses bile acid transporter NTCP and 

OATP1B3. Expression of these metabolic enzymes and transporters suggest that the organoids 

have detoxification and bile secretion function similar to the liver organ. 

[0102] 	Figure 24. Expression of Multi-drug resistance-associated protein 2 (MRP2) in liver 

organoids. Staining of liver organoids with antibody specific for the transporter MRP2. The 
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hepatocytes in the organoid expresses MRP2 and the staining shows networks in the hepatic 

organoid that is similar to bile canaliculi in liver tissue. MRP2 is localized to the apical region of 

hepatocytes and is responsible for hepatocyte bile secretion into the bile canaliculi. Expression of 

this protein in the organoids suggest the existence of a bile canaliculi network in the organoids. 

[0103] 	Figure 25. Expression of Cystic Fibrosis Transmembrane Conductance Regulator 

(CFTR) in cholangiocytes of hepatic organoids. Staining of liver organoids with antibody 

specific for the transporter CFTR. CFTR is exclusively expressed in the cholangiocytes in the 

bile duct like structures, similar to previous reports. CFTR is an important membrane transporter 

and mutation of this gene results in cystic fibrosis which is a common genetic disease. 

[0104] 	Figure 26. Expression of liver specific marker Alpha-1 Antitrypsin (A 1 AT). Staining of 

liver organoids with antibody specific for the AlAT. A 1 AT is a protease inhibitor produce and 

secreted by the liver and is important for the inhibition of enzymes such as elastase, secreted by 

the neutrophils. Deficiency in A 1 AT is a common genetic disease which results in lung disorders 

such as emphysema and chronic obstructive pulmonary disease (COPD). 

[0105] 	Figure 27A. Glycogen storage and lipid uptake by the hepatocytes in the hepatic 

organoid. PAS staining shows accumulation of the glycogen in the hepatocytes of the liver 

organoids. Results supports that the organoids have glucose regulation function similar to the 

liver. 

[0106] 	Figure 27B. Glycogen storage and lipid uptake by the hepatocytes in the hepatic 

organoid. Organoids are treated with fluorophore labeled low density lipoprotein (LDL). 

Accumulation of the LDL can be observed in the cells of the organoids, suggesting that liver 

organoids can uptake lipids, similar to the liver organ. 

[0107] 	Figure 28. Albumin secretion by hepatic organoids. The culture media of the organoids 

is collected 24hrs after the media is changed. The amount of albumin in the media is quantitated 

by ELISA, with recombinant albumin as standards. Results confirm that the liver organoids can 

secrete albumin 
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[0108] 	Figure 29. Liver specific metabolic activities of the hepatic organoid. Activities of 

individual cytochrome 450 enzymes profiled using luciferase-based assays. The relative 

luciferase unit is normalized to the total number of cells in the liver organoids. Shown are the 

relative luciferase unit for a million cells. The level of CYP metabolic activities of the liver 

organoids are compared to hepG2 cell lines commonly used in the industry. The liver organoids 

have much higher levels CYP1A2, CYP2B6 and CYP3A4 activities compared to HepG2. These 

3 major cytochrome enzymes account for 80% of CYP activities in the liver. Thus, the liver 

organoids described herein have similar metabolic functions as the intact liver. 

[0109] 	Figure 30. Functional bile secretion system formed by hepatocytes and cholangiocytes 

in the liver. Illustration of the organ level functions performed by the hepatocytes and 

cholangiocytes. Molecules generated by the liver are actively transported into the bile canaliculi 

which are intercellular channels formed between the hepatocytes. These molecules are 

transported along the bile canaliculi towards the bile duct formed by the cholangiocyte and 

transported out of the liver to the small intestines. 

[0110] 	Figure 31. Imaging functional bile secretion system using CDFDA. Schematic diagram 

to illustrate how the functional bile secretion system is imaged in the liver organoids. CDFDA is 

an uncharged and non-fluorophetic molecule. This molecule passively diffuses into the cells. 

Hepatocytes which express de-esterification enzymes are able to convert CDFDA to CDF by 

removing the ester groups on the molecule. Unlike CDFDA, CDF is a charged fluorophore. CDF 

is actively pumped out of the hepatocyte through the MRP2/3 transporter into the bile canaliculi. 

CDF is transported along the bile canaliculi towards the bile duct formed by the cholangiocytes. 

In a chronological order, CDF would first accumulate in the hepatocytes (fluorescent in the 

hepatocytes), CDF would be actively pumped into the bile canaliculi and transported to the bile 

duct like structure. Unlike the hepatocytes, the cholangiocytes do not convert the CDFDA into 

the CDF. The CDF accumulated in the bile duct like structures are not produced by the 

cholangiocytes. 

[0111] 	Figure 32A. CDFDA conversion to CDF by hepatocytes in the organoids. Live 

confocal images of undifferentiated MESP treated with CDFDA for 30 minutes. MESP cells do 
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not have enzyme to convert CDFDA into CDF. No CDF is detected after 30 minutes of 

treatment. 

[0112] 	Figure 32B. CDFDA conversion to CDF by hepatocytes in the organoids. Live confocal 

images of hepatic organoid treated with CDFDA for 30 minutes. CDF is produce in the 

hepatocytes and begin to accumulate in the organoids over 30 minutes. 

[0113] 	Figure 33. Exporting CDF into the bile canaliculi network in the organoids. Live 

confocal images of 2 organoids that have been treated with CDFDA for 3 hours. The CDF are no 

longer accumulated in the cells but exported into the bile canaliculi. The network of bile 

canaliculi is illuminated by the CDF. Both organoids show clear network of bile canaliculi 

formed within the organoids. 

[0114] 	Figure 34. 3D reconstructed image of bile canaliculi network within the organoid. The 

Network of bile canaliculi envelopes each round nuclei which demarcates the cells. Image shows 

an intricate network of bile canaliculi channels formed within the organoid. 

[0115] 	Figure 35. Expression of bile canaliculi marker dipeptidyl peptidase IV (DPPIV) in the 

organoids. CK7 expression marks the cholangiocytes in the organoids. The DPPIV is expressed 

on the surface of the hepatocytes that forms the bile canaliculi. The exclusive staining of DPPIV 

in the hepatocytes (no overlapping with the cholangiocytes) supports the existence of the bile 

canaliculi network in the hepatocyte core. 

[0116] 	Figure 36A. CDF transportation from the hepatocytes to the bile duct-like cyst 

structures formed by the cholangiocytes in the organoids. Bright field image (far right) shows 

that the cholangiocyte forms large cyst structures surrounding the organoids. Organoids are 

treated with CDFDA for 30mins. Imaging of the CDF shows that the CDF is only produce in the 

hepatocyte cores. No CDF is produced by the cholangiocytes that forms the bile duct-like cyst 

structures (arrows). 

[0117] 	Figure 36B. CDF transportation from the hepatocytes to the bile duct-like cyst 

structures formed by the cholangiocytes in the organoids. Organoids treated with CDFDA for 

lhr. Network of bile canaliculi is formed in the core of the hepatocytes. The CDF is transported 
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in the bile canaliculi to the bile duct like structure which can be seen clearly from the CDF filled 

cyst. Results show that the bile canaliculi network is functional in the organoids. The 

cholangiocytes forming the cyst do not produce CDF. CDF fills the network of bile canaliculi as 

more are produced after 1 hour treatment. The CDF is subsequently transported and fills the bile 

duct-like cyst structures. 

[0118] 	Figure 36C. CDF transportation from the hepatocytes to the bile duct-like cyst 

structures formed by the cholangiocytes in the organoids. Enlarged image of the bile canaliculi 

network connection with the bile duct like structure. The bile canaliculi network formed in the 

hepatocyte core connects to the bile duct-like cyst structure in the periphery. 

[0119] 	Figure 37. LDLR KO organoids respond to cholesterol drugs. LDLR deficient 

organoids are generated from the LDLR KO MESP. The LDLR deficient organoids secretes a 

higher level of cholesterol compared to normal liver organoids. Remarkably, this elevated 

secretion of cholesterol can be lowered by increasing levels of the statin treatment (10nM of 

pravastatin treatment lowered cholesterol secretion level to similar levels of wild type LDLR+ 

organoids). 

[0120] 	Figure 38. High throughput generation of liver organoids. Liver organoids can be 

produce in 96 well formats. Each well contains a single organoid of similar size and structure 

(scale bar =500µm). This allows the liver organoids to be used in screening platforms for drug 

screenings and toxicological testing. 

[0121] 	Figure 39A. Individual organoids in high throughput system have comparable 

metabolic activity. 9 organoids in different wells are tested for CYP3A4 activity. All the 

organoids show similar level of CYP3A4 activity. This result shows that the high throughput 

system generates organoids of similar metabolic function capacity. 

[0122] 	Figure 39B. Individual organoids in high throughput system have comparable 

metabolic activity. 9 organoids in different wells are tested for CYP2B6 activity. All the 

organoids show similar level of CYP2B6 activity. This result shows that the high throughput 

system generates organoids of similar metabolic function capacity. 
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[0123] 	Figure 40. Schematic of Liver organoid differentiation from adult liver stem cells. 

Human liver adult stem cells are seeded as single cells in the H2 media in suspension. The cells 

aggregate to form a spheroid and expresses hepatic progenitor markers such as ALB. The 

spheroids are subsequently treated with H3 induction media to induce organoid formation. 

[0124] 	Figure 41. Late hepatic progenitor formation from adult liver stem cells. Human liver 

adult stem cells are dissociated into single cells and seeded in suspension in H2 media. The liver 

adult stem cells aggregate to form a spheroid structure and cells commit to form later hepatic 

stem cells that expresses CK19 and ALB. Results support that H2 media can be used for liver 

stem cells as well for inducing late hepatic progenitor formation. 

[0125] 	Figure 42. Liver organoid generated using adult liver stem cells. After H2 treatment, 

the hepatic progenitor spheroids are treated with H3 media for 14 days to induce liver organoid 

formation. The hepatic spheroids form liver organoids which are similar to the MESP derived 

organoids, consisting of a hepatocyte (ALB+ve) core and cholangiocytes (CK7+ve) forming 

ductal like structures in the periphery. 

[0126] 	Figure 43. 3D imaging of liver organoids derived from adult liver stem cells with ductal 

structure. 3D imaging of the liver organoids derived from adult liver stem cells with lightsheet 

microscopy shows that the cholangiocytes at the periphery of the organoids form a ductal like 

structure with a lumen in the center (left image). Multiple of this ductal like structure form by the 

cholangiocyte can be observed on the surface of the organoids (Right image). 

[0127] 	Figure 44. Organoids generated from adult liver stem cells express liver specific 

markers. Both hepatocyte specific genes and cholangiocyte specific genes are expressed in the 

liver organoids compared to undifferentiated adult stem cells. Result supports the existence of 

both cell types in the organoids Similar to liver organoids derived from MESP, the adult liver 

organoids also expresses all the major cytochrome P450 enzymes and also UDP-

glucuronosyltransferase enzymes and bile acid transporter NTCP. 

[0128] 	Figure 45. Organoids generated from adult liver stem cells exhibit liver specific 

metabolic activities. Organoids derived from adult liver stem cells were assayed for CYP activity 

using luciferase assay kits (Promega). The adult organoids exhibit strong CYP3A4 and CYP2C9 
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activities compared to the HepG2. Results show that adult organoid exhibit liver metabolic 

activities and CYP2C9 activity which is specific to adult hepatocytes is also detected in the adult 

liver organoids. 

[0129] 	Figure 46. Bile canaliculi in liver organoids. CDF imaging of bile canaliculi network in 

the liver organoids derived from adult stem cells. Similar to the MESP derived organoids, the 

adult stem cell derived liver organoids contain a network of bile canaliculi that functionally 

transports CDF secreted by the hepatocytes. The CDF is similarly accumulated in the ductal-like 

structures in the organoids. 

[0130] 	Figure 47. Schematic of pancreatic spheroid production from MESP. MESP is treated 

with media P1 to induce pancreatic lineage commitment by the MESP. After P1 media treatment, 

the early pancreatic progenitors are retrieved from the matrigel and seeded in suspension culture 

with P2 media and subsequently P3 media to obtain Pancreatic spheroids. 

[0131] 	Figure 48. Pancreatic spheroid generated from MESP. The pancreatic spheroid 

generated using MESP and stained with pancreatic markers PDX1 and N10(6.1. The pancreatic 

spheroid contains of a lumen and the cells stains positive for both PDX1 and N10(6.1. The 2 

markers are present in the earliest pancreatic progenitor cell during development and are also 

expressed in terminally specialized pancreatic cells such as the Beta-islet cells. 

[0132] 	Figure 49. Polarized E-cadherin expression in MESP. Staining of SOX9 and E-cadherin 

in MESP. E-Cadherin is a key transmembrane adhesion molecule which localize to the apical 

and lateral membranes of epithelial cell types. This is observed in MESP suggesting polarity in 

MESP. 

DETAILED DESCRIPTION OF THE INVENTION 

1. 	Multipotent Endoderm Spheroid Progenitor (MESP) Cells 

[0133] 	Described herein is a method to derive spheroid progenitor cells of the endoderm 

lineage from pluripotent stem cells (PSCs). The progenitor cells can be stably propagated and 

expanded in culture. These spheroid progenitor cells exhibit potential to generate multiple organ 

cell types of the endoderm lineage, including the intestine, liver and pancreas. Hence, this 
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spheroid progenitor is hereby described as Multipotent Endoderm Spheroid Progenitor (MESP). 

The MESPs can be stably propagated, do not exhibit signs of senescence, and maintain 

homogenous expression of stem cell markers. The cells also maintain a normal karyotype of 23 

pairs of chromosome without major chromosomal mutations even after long term culture. This 

stable progenitor culture system is scalable and more cells can be generated with larger culture 

vessels, making these cells suitable for large scale production of downstream organ cell types for 

various applications including regenerative therapy and industrial applications. 

[0134] 	The MESP represents a different endoderm progenitor stem cell state that differs from 

endoderm progenitor cells reported by Cheng et al. (Cell Stem Cell, 2012) and Hannan et al. 

(Stem Cell Reports, 2013). Cheng et al (Cell Stem Cell, 2012) report a progenitor stem cell that 

resembles early definitive endoderm stem cells, which is the earliest stem cell stage of the 

endoderm lineage development. Hannan et al (Stem Cell Reports, 2013) describe a progenitor 

stem cell that resembles the foregut progenitor during endoderm development. The culture 

conditions and stem cell markers of these two reports are highly similar. On the other hand, the 

culture conditions, media and stem cell markers of MESP are different from those described in 

the above references (see Table 1). MESP cells express markers similar to those expressed by 

cells of the posterior foregut during late endoderm lineage development (Figure 16). 

[0135] 	In certain embodiments, the pluripotent stem cells are embryonic stem cells (hESCs). 

[0136] 	In certain embodiments, the pluripotent stem cells are induced pluripotent stem cells 

(iPSCs). The iPSCs can be generated from any human adult tissues using the iPSCs 

reprogramming technology into cells with pluripotent capacity. MESP can then be generated 

from these pluripotent stem cells. 

[0137] 	In certain aspects, MESP can also be generated from early endoderm progenitors 

reflecting early endoderm lineage development. The current methods generate MESP via 

stepwise differentiation along the endoderm lineage, where the PSCs first become definitive 

endoderm cells and subsequently differentiate into primitive gut endoderm cells. 

[0138] 	In certain embodiments, the pluripotent stem cells can be genetically modified by 

genome editing tools such as the Clustered regularly interspaced short palindromic repeats 
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(CRISPR)/Cas system. These pluripotent stem cells maintain their pluripotential capacity and 

MESP can be generated from these genetically modified PSCs. 

[0139] 	In certain embodiments, the pluripotent stem cells can be induced pluripotent stem cells 

(iPSCs) from human tissues with specific genetic diseases. The disease-specific human iPSCs 

maintains their pluripotential capacity to give rise to endoderm lineage tissues. MESP can be 

generated from these disease-specific iPSCs. 

MESP culture system 

[0140] 	The Multi Endodermal Spheroid Progenitor (MESP) culture system described herein 

comprises a plurality of soluble agents in a stem cell culture media and a cellular support capable 

of providing structural and nutritional support. The cellular support maintains the progenitor 

cells in a 3D structure such as a spheroid or organoid. The cellular support provides both 

structural support and cytokines that plays a part in maintaining liver stem cells in the 

undifferentiated state. In some embodiments, the plurality of soluble agents comprises one or 

more growth factors, an enhancer of the (canonical) WNT pathway, and a stem cell 

differentiation inhibitor. 

[0141] 	In some embodiments, a method for producing a multipotent spheroid progenitor 

(MESP) cell is provided, the method comprising: 

i) culturing an endoderm progenitor cell in a first medium on a cellular support under 

conditions suitable to differentiate the endoderm progenitor cell into a definitive 

endoderm (DE) cell; 

ii) culturing the definitive endoderm cell in a second medium under conditions suitable to 

differentiate the definitive endoderm cell into a primitive gut cell; and 

iii) culturing the primitive gut cell in a third medium on a cellular support under 

conditions suitable to differentiate the primitive gut cell into a MESP cell. 

[0142] 	In some embodiments, the conditions suitable to differentiate the endoderm progenitor 

cell into a definitive endoderm (DE) cell, and/or the conditions suitable to differentiate the 
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definitive endoderm cell into a primitive gut cell comprise two-dimensional or monolayer 

culture. In some embodiments, the conditions suitable to differentiate the endoderm progenitor 

cell into a definitive endoderm (DE) cell, and/or the conditions suitable to differentiate the 

definitive endoderm cell into a primitive gut cell comprise three-dimensional culture. In some 

embodiments, the conditions suitable to differentiate the primitive gut (GUT) cell into a MESP 

cell comprise three-dimensional culture. In some embodiments, the endoderm progenitor cell 

can be cultured in the first or second medium to differentiate the endoderm progenitor cell into a 

DE cell and a primitive gut cell, which can subsequently be cultured in the third medium to 

generate MESP cells. 

[0143] 	In some embodiments, the cellular support comprises a material selected from the 

group consisting of matrigel, gelatine, methylcellulose, collagen, alginate, alginate beads, 

agarose, fibrin, fibrin glue, fibrinogen, blood plasma fibrin beads, whole plasma or components 

thereof, laminins, fibronectins, protecogylcans, HSP, chitosan, heparin, and synthetic polymers 

or polymer scaffolds. 

Culture Media: 

[0144] 	In some embodiments, the first culture medium comprises an activator of the TGF-0 

signaling pathway, such as Activin (e.g., Activin A, B or AB) or TGF-0. In some embodiments, 

the first culture medium futher comprises an activator of the BMP signaling pathway and an 

activator of the FGF signaling pathway. 

[0145] 	In some embodiments, the second medium comprises an activator of the BMP signaling 

pathway and an activator of the FGF signaling pathway. 

[0146] 	In some embodiments, the third medium comprises an inhibitor of the TGF-0 signaling 

pathway, an activator of the WNT signaling pathway, and an activator of the Notch signaling 

pathway. In some embodiments, the third culture medium futher comprises a steroid, an activator 

of cAMP-dependent pathways, such as an activator of Protein Kinase A signaling pathway, an 

activator of the AKT/PI3K signaling pathway, and an inhibitor of histone deacetylase (HDAC), 

as described herein. 
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[0147] 	In some embodiments, the culture medium for deriving and maintaining endoderm 

spheroid progenitor cells comprises or consists of at least one, two, three, four, five, six, seven, 

eight or all of the following: 

a) a TGF-(3 inhibitor and/or SMAD2/3 inhibitor; 

b) a WNT-signaling activator and/or a Glycogen synthase kinase 3 (GSK3) inhibitor. 

c) a steroid 

d) an activator of AKT/PI3K signaling pathway and/or MAPK signaling pathway 

e) an activator of STAT3, GAB1 mediated cell adhesion and AKT/PI3K signaling 

pathway 

f) an activator of cAMP-dependent pathways, such as an activator of Protein Kinase A 

signaling pathway 

g) an activator of the Notch receptor 

h) a repressor of NFid3 activity and activator of mitogen-activated protein (MAP) kinase 

ERK, p38 and JNK, or 

i) an inhibitor of histone deacetylase (HDACs). 

[0148] 	In some embodiments, the stem cell differentiation inhibitor is a TGF-beta signaling 

inhibitor, wherein the TGF-(3 inhibitor is characterized by any one of the following: 

a) inhibition of TGF-(3 type I receptor ALK5 kinase; 

b) inhibition of type I Activin/nodal receptor ALK4; 

c) inhibition of type I nodal receptor ALK7; 

d) inhibition of SMAD2/3 phosphorylation; and/or 

e) inhibition of the Activin/TGF 0 /SMAD signaling pathway. 

[0149] 	The TGF-beta inhibitor can block activation of the TGF-beta pathway, which induces 

stem cell differentiation, whereas inactivation of the TGF-beta pathway can maintain 

proliferation of endodermal stem cells. In some embodiments, the TGF-beta inhibitor is selected 

from the group consisting of: 

i. 	A83-01 3-(6-Methy1-2-pyridiny1)-N-phenyl-4-(4-quinoliny1)-1H-pyrazole-1-

carbothioamide, 
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ii. A 77-01 4-(3-(6-methylpyridin-2-y1)-1H-pyrazol-4-yl)quinoline, 

iii. SD-208 2-(5-chloro-2-fluorophenyl)-N-pyridin-4-ylpteridin-4-amine, LY2157299 442-

(6-methylpyridin-2-y1)-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-yl]quinoline-6-

carboxamide , 

iv. SB 431542 4-[4-(1,3-benzodioxo1-5-y1)-5-pyridin-2-y1-1H-imidazol-2-yl]benzamide, 

GW788388 N-(oxan-4-y1)-444-(5-pyridin-2-y1-1H-pyrazol-4-yppyridin-2-yl]benzamide, 

v. SB505124 2-[4-(1,3-benzodioxo1-5-y1)-2-tert-buty1-1H-imidazol-5-y1]-6-methylpyridine, 

vi. SB525334 6-[2-tert-buty1-5-(6-methylpyridin-2-y1)-1H-imidazol-4-yl]quinoxaline, IN 

1130 243-[(4-amino-2-methylpyrimidin-5-yl)methyl]-4-methyl-1,3-thiazol-3-ium-5- 

yl]ethanol, 

vii. ITD 1 (6,6-dimethy1-5,7-dihydroimidazo[2,1-b][1,3]thiazol-4-ium-3-ypmethyl N,N'-

dicyclohexylcarbamimidothioate, 

viii. LY2109761 442-[4-(2-pyridin-2-y1-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-yl)quinolin-

7-yl]oxyethyl]morpholine, 

ix. K02288 3-[6-amino-5-(3,4,5-trimethoxyphenyl)pyridin-3-yl]phenol, 

x. TGF43 RI kinase inhibitor [3-(Pyridin-2-y1)-4-(4-quinony1)]-1H-pyrazole], 

and derivatives thereof. 

[0150] 	In some embodiments, the TGF-beta inhibitor is used at a concentration of between 

about 0.5 nM to 20 µM, or 100 nM to 10 µM, or 250 nM to 5 µM, or 400 nM to 2.5 µM, or 0.5 

nM to 1 µM, or 0.5 nM to 0.5 µM, or between about 1.5 nM to 0.4 µM, or between about 10 nM 

to 0.3 µM, or between about 30 nM to 0.2 µM, or between about 40 nM to 0.1 µM, or between 

about 50 nM to 85 nM, or about 1, 5, 15, 25, 30, 35, 45, 50, 65, 75, 130, 150, 170, 250, 350 or 

450 nM; or about 0.5, 0.7, 0.9, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 8, 9, 10, 12, 14, 16, 18, or 20 

µM. In some embodiments, the TGF-beta inhibitor selected from the group consisting of (i) to 

(x) above is used at a concentration of between about 0.5 nM to 20 µM, or 100 nM to 10 µM, or 

250 nM to 5 µM, or 400 nM to 2.5 µM, or 0.5 nM to 1 µM, or 0.5 nM to 0.5 µM, or between 

about 1.5 nM to 0.4 µM, or between about 10 nM to 0.3 µM, or between about 30 nM to 0.2 µM, 

or between about 40 nM to 0.1 µM, or between about 50 nM to 85 nM, or about 1, 5, 15, 25, 30, 
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35, 45, 50, 65, 75, 130, 150, 170, 250, 350 or 450 nM; or about 0.5, 0.7, 0.9, 1, 1.5, 2, 2.5, 3, 3.5, 

4, 4.5, 5, 5.5, 6, 8, 9, 10, 12, 14, 16, 18, or 20 µM. 

[0151] 	In some embodiments, the steroid is capable of inhibiting the NF-KB pathway, 

activating the PI3K/AKT/mTOR pathway, inhibiting the TGF-fl signaling pathway and/or 

inhibiting the IGF signaling pathway. In some embodiments, the steroid is a corticosteroid such 

as a glucocorticoid or an anti-inflammatory glucocorticoid which improves maintenance of 

endodermal stem cells. 

[0152] 	In some embodiments, the glucocorticoid is selected from the group consisting of: 

Dexamethasone (8S,9R,10S,11S,13S,14S,16R,17R)-9-Fluoro-11,17-dihydroxy-17-(2-

hydroxyacety1)-10,13,16-trimethy1-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-

cyclopenta[a]phenanthren-3-one, 

Cortisol (11 (3)-11,17,21-trihydroxypregn-4-ene-3,20-dione, 

Cortisone (8S,9S,10R,13S,14S,17R)-17-Hydroxy-17-(2-hydroxyacety1)-10,13-dimethyl-

1,2,6,7,8,9,12,14,15,16-decahydrocyclopenta[a]phenanthrene-3,11-dione, 

Prednisone 17,21-dihydroxypregna-1,4-diene-3,11,20-trione, 

Prednisolone (11 (3)-11,17,21-trihydroxypregna-1,4-diene-3,20-dione, 

Methylprednisolone (1S,2R,8S,10S,115,14R,155,17 S)-14,17-dihydroxy-14-(2-

hydroxyacety1)-2,8,15-trimethyltetracyclo[8.7.0.02'7.011' 15 ]heptadeca-3,6-dien-5-one, 

Betamethasone (8S,9R,10S,11S,13S,14S,16S,17R)-9-fluoro- 11,17-dihydroxy-17-(2-

hydroxyacety1)-10,13,16-trimethyl- 6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro- 3H-

cyclopenta [a] phenanthren-3-one, 

Triamcinolone (110,10-9-Fluoro-11,16,17,21-tetrahydroxypregna-1,4-diene-3,20-dione, 

Beclometasone (8S,9R,10S,11S,13S,14S,16S,17R)-9-chloro-11-hydroxy-10,13,16-

trimethy1-3-oxo-1742-(propionyloxy)acety1]-6,7,8,9,10,11,12,13,14,15,16,17-

dodecahydro-3H-cyclopenta [a] phenanthren-17-y1 propionate, 

Fludrocortisone acetate 9-fluoro-11,17-dihydroxy-17- (2-hydroxyacetyl)- 10,13- 

dimethyl- 1,2,6,7,8,9,10,11,12, 13,14,15,16,17- tetradecahydrocyclopenta[a]phenanthren-

3-one, 
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Aldosterone 11f3,21-Dihydroxy-3,20-dioxopregn-4-en-18-al, 

and derivatives thereof. 

[0153] 	In some embodiments, the steroid, corticosteroid or glucocorticoid (such as 

dexamethasone) is used at a concentration of between about 0.5 µM to 200 µM, or between 

about 1.5 µM to 150 µM, or between about 5 µM to 100 µM, or between about 10 µM to 90 µM, 

or between about 20 µM to 80 µM, or between about 30 µM to 70 µM, or between about 40 µM 

to 60µM, or about 2, 8, 15, 25, 30, 35, 45, 65, 75, 110, 130, 140, 160, 170 or 190 µM. 

[0154] 	In some embodiments, the WNT-signaling activator is a Glycogen synthase kinase 3 

(GSK3) inhibitor. 

[0155] 	In some embodiments, the GSK3 inhibitor is selected from the group consisting of: 

CHIR-99021 6-[2-[[4-(2,4-dichloropheny1)-5-(5-methy1-1H-imidazol-2-y1)pyrimidin-2-

yl]amino]ethylamino]pyridine-3-carbonitrile, BIO 6-bromoindirubin-31-oxime, 

SB 216763 3-(2,4-dichloropheny1)-4-(1-methylindol-3-yl)pyrrole-2,5-dione, CHIR- 

98014 6-N-[2-[[4-(2,4-dichloropheny1)-5-imidazol-1-ylpyrimidin-2-yl]amino]ethy1]-3- 

nitropyridine-2,6-diamine, 

TWS119 34[6-(3-aminopheny1)-7H-pyrrolo[2,3-d]pyrimidin-4-yl]oxy]phenol, IM-12 3- 

[2-(4-fluorophenyl)ethylamino]-1-methy1-4-(2-methy1-1H-indo1-3-yppyrrole-2,5-dione, 

1-Azakenpaullone 9-bromo-7,12-dihydropyrido[3',2':2,3]azepino[4,5-b]indo1-6(5H)-one, 

AR-A014418 1-[(4-methoxyphenyl)methy1]-3-(5-nitro-1,3-thiazol-2-y1)urea, SB415286 

3-(3-chloro-4-hydroxyanilino)-4-(2-nitrophenyl)pyrrole-2,5-dione, AZD1080 (3E)-3-[5-

(morpholin-4-ylmethyl)-1H-pyridin-2-ylidene]-2-oxo-1H-indole-5-carbonitrile, 

AZD2858 3-amino-6-[4-(4-methylpiperazin-l-yl)sulfonylphenyl]-N-pyridin-3-

ylpyrazine-2-carboxamide, 

Indirubin (3E)-3-(3-oxo-1H-indo1-2-ylidene)-1H-indo1-2-one, 

and derivatives thereof. 

[0156] 	In some embodiments, the WNT-signaling activator is used at a concentration of 

between about 0.1 µM to 10 µM, or between about 0.5 µM to 8 µM, or between about 1 µM to 7 
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µM, or between about 2 µM to 6 µM, or between about 3 µM to 5 µM, or about 0.2, 0.3, 0.4,3, 4, 

4.5, 5, 6, 7.5, 8.5, 9, 9.5 or 10 µM. 

[0157] 	In some embodiments, the GSK3 inhibitor (e.g., CHIR-09921) is used at a 

concentration of between about 0.1 µM to 10 µM, or between about 0.5 µM to 8 µM, or between 

about 1 µM to 7 µM, or between about 2 µM to 6 µM, or between about 3 µM to 5 µM, or about 

0.2, 0.3, 0.4,3, 4, 4.5, 5, 6, 7.5, 8.5, 9, 9.5 or 10 µM. 

[0158] 	In some embodiments, the medium further comprises an activator of the AKT/PI3K 

signaling pathway and/or MAPK signaling pathway; such as but not limited to a compound 

selected from the group consisting of an epidermal growth factor (EGF), amphiregulin (AR), 

epigen (EPG), transforming growth factor alpha (TGFa), betacellulin (BTC), epiregulin (EPR), 

heparin-binding EGF-like growth factor (HB-EGF), and Neuregulin (NRG). In some 

embodiments, the activator of the AKT/PI3K signaling pathway and/or MAPK signaling 

pathway is used at a concentration of between about 5 ng/ml to 5 µg/ml, or between about 20 

ng/ml to 4 µg/ml, or between about 30 ng/ml to 3 µg/ml, or between about 40 ng/ml to 2 µg/ml, 

or between about 45 ng/ml to 500 ng/ml, or between about 50 ng/ml to 300 ng/ml, or about 35, 

40, 45, 50, 60, 70, 90, 100, 150, 200, 250, 300, 400, 450, 600, 700 or 800 ng/ml. In some 

embodiments, the epidermal growth factor (EGF), amphiregulin (AR), epigen (EPG), 

transforming growth factor alpha (TGFa), betacellulin (BTC), epiregulin (EPR), heparin-binding 

EGF-like growth factor (HB-EGF), and/or Neuregulin (NRG) is used at a concentration of 

between about 5 ng/ml to 5 µg/ml, or between about 20 ng/ml to 4 µg/ml, or between about 30 

ng/ml to 3 µg/ml, or between about 40 ng/ml to 2 µg/ml, or between about 45 ng/ml to 500 

ng/ml, or between about 50 ng/ml to 300 ng/ml, or about 35, 40, 45, 50, 60, 70, 90, 100, 150, 

200, 250, 300, 400, 450, 600, 700 or 800 ng/ml. 

[0159] 	In some embodiments, the medium further comprises an activator of STAT3, an 

activator of GAB1 mediated cell adhesion and/or an activator of the AKT/PI3K signaling 

pathway. In some embodiments, the activator of STAT3, activator of GAB1 mediated cell 

adhesion and/or activator of the AKT/PI3K signaling pathway is used at a concentration of 

between about 2 ng/ml to 5 µg/ml, or between about 5 ng/ml to 5 µg/ml, or between about 10 
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ng/ml to 4 µg/ml, or between about 15 ng/ml to 3 µg/ml, or between about 20 ng/ml to 2 µg/ml, 

or about 5, 18, 20, 25, 28, 30, 50, 60, or 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 µg/ml. In some 

embodiments, the activator of the AKT/PI3K signaling pathway is a hepatocyte growth factor 

(HGF). In some embodiments, HGF is used at a concentration of between about 2 ng/ml to 5 

µg/ml, or between about 5 ng/ml to 5 µg/ml, or between about 10 ng/ml to 4 µg/ml, or between 

about 15 ng/ml to 3 µg/ml, or between about 20 ng/ml to 2 µg/ml, or about 5, 18, 20, 25, 28, 30, 

50, 60, or 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 µg/ml. 

[0160] 	In some embodiments, the medium further comprises an activator of cAMP-dependent 

pathways, such as an activator of the Protein Kinase A signaling pathway, which induces 

proliferation of epithelial cell types. In some embodiments, the activator of the cAMP-

dependent pathway is a compound selected from the group consisting of dibutyryl-

cAMP(dbCAMP), forskolin ((3R,4aR,5S,6S,6aS,10S,10aR,10bS)-6,10,10b-trihydroxy- 

3,4a,7,7,10a-pentamethyl-l-oxo-3-vinyldodecahydro-1H-benzo[fichromen-5-y1 acetate), 

caffeine, theophylline, cholera toxin and pertussis toxin. In some embodiments, the activator of 

cAMP-dependent pathways is used at a concentration of between about 20 ng/ml to 1 µg/ml, or 

between about 10 ng/ml to 0.8 µg/ml, or between about 15 ng/ml to 0.6 µg/ml, or between about 

20 ng/ml to 2 µg/ml, or about 5, 18, 20, 25, 28, 30, 50, 60, or 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 

µg/ml. In some embodiments, a compound selected from the group consisting of dibutyryl-

cAMP(dbCAMP), forskolin ((3R,4aR,5S,6S,6aS,10S,10aR,10bS)-6,10,10b-trihydroxy- 

3,4a,7,7,10a-pentamethyl-l-oxo-3-vinyldodecahydro-1H-benzo[fichromen-5-y1 acetate), 

caffeine, theophylline, cholera toxin and pertussis toxin is used at a concentration of between 

about 20 ng/ml to 1 µg/ml, or between about 10 ng/ml to 0.8 µg/ml, or between about 15 ng/ml 

to 0.6 µg/ml, or between about 20 ng/ml to 2 µg/ml, or about 5, 18, 20, 25, 28, 30, 50, 60, or 70 

ng/ml, or about 1, 2.5, 3.5 or 4.5 µg/ml. 

[0161] 	In some cases, the medium further comprises an activator of the Notch receptor. In 

some embodiments, the activator of the Notch receptor is used at a concentration of between 

about 10 nM to 100 µM, or between about 50 nM to 80 µM, or between about 100 nM to 60 µM, 

or between about 500 nM to 40 µM, or between about 800 nM to 20 µM, or between about 900 

nM to 10 µM, or about 20, 40, 60, or 80 nM or about 1, 1.5, 15, 30, 50, 60, 90 or 100 µM. In 
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some embodiments, the activator of the Notch receptor is a compound selected from the group 

consisting of Jaggedl protein (homo sapiens, also known as AGS; AHD; AWS; HJ1; CD339; 

JAGL1; JAG1), Jagged2 (NCBI 3714), Delta-likel (NCBI 28514), Delta-like3 (NCBI 10683), 

and Delta-like4 (NCBI 54567). In some embodiments, the Jaggedl protein (homo sapiens, also 

known as AGS; AHD; AWS; HJ1; CD339; JAGL1; JAG1), Jagged2 (NCBI 3714), Delta-likel 

(NCBI 28514), Delta-like3 (NCBI 10683), and/or Delta-like4 (NCBI 54567) is used at a 

concentration of between about 10 nM to 100 µM, or between about 50 nM to 80 µM, or 

between about 100 nM to 60 µM, or between about 500 nM to 40 µM, or between about 800 nM 

to 20 µM, or between about 900 nM to 10 µM, or about 20, 40, 60, or 80 nM or about 1, 1.5, 15, 

30, 50, 60, 90 or 100 µM. 

[0162] 	In some embodiments, the medium further comprises a molecule which is a repressor 

of NFKB activity and/or activator of mitogen-activated protein (MAP) kinase ERK, p38 and 

JNK. In some embodiments, the molecule which is a repressor of NFid3 activity and/or activator 

of mitogen-activated protein (MAP) kinase ERK, p38 and JNK is used at a concentration of 

between about 0.1 mM to 1 M, or between about 2 mM to 0.8 M, or between about 4 mM to 0.6 

M, or between about 6 mM to 0.4 M, or between about 8 mM to 0.2 M, or between about 10 mM 

to 800 mM, or between about 50 mM to 500 mM, or about 3, 5, 9, 15, 20, 30, 50, 80, 100, 120, 

150, 200, 250, 300, 350, 400 or 450 mM. In some embodiments, the medium further comprises 

a compound selected from the group consisting of nicotinamide, nicotinic acid, 5-

fluoronicotinamide, isonicotinic acid hydrazide, and nikethamide. In some embodiments, 

nicotinamide, nicotinic acid, 5-fluoronicotinamide, isonicotinic acid hydrazide, and/or 

nikethamide is used at a concentration of between about 0.1 mM to 1 M, or between about 2 mM 

to 0.8 M, or between about 4 mM to 0.6 M, or between about 6 mM to 0.4 M, or between about 8 

mM to 0.2 M, or between about 10 mM to 800 mM, or between about 50 mM to 500 mM, or 

about 3, 5, 9, 15, 20, 30, 50, 80, 100, 120, 150, 200, 250, 300, 350, 400 or 450 mM. 

[0163] 	In some embodiments, the medium further comprises an inhibitor of histone 

deacetylase (HDACs). In some embodiments, the inhibitor of histone deacetylase is a compound 

selected from the group consisting of valporic acid (VPA) (2-propylpentanoic acid), sodium 

butyrate (sodium;4-hydroxybutanoate), vorinotstat (N'-hydroxy-N-phenyloctanediamide), 
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panobinostat ((E)-N-hydroxy-3-[4-[[2-(2-methy1-1H-indo1-3-ypethylamino]methyl]phenyl]prop- 

2-enamide), trichostatin A ((2E,4E,6R)-744-(dimethylamino)phenyll-N-hydroxy-4,6-dimethy1- 

7-oxohepta-2,4-dienamide), mocetinostat (N-(2-aminopheny1)-4-[[(4-pyridin-3-ylpyrimidin-2- 

yl)amino]methyl]benzamide), BG45 (N-(2-aminophenyl)-2-pyrazinecarboxamide), 4SC-202 

((E)-N-(2-aminopheny1)-3-(1-((4-(1-methy1-1H-pyrazol-4-y1)phenypsulfony1)-1H-pyrrol-3-

y1)acrylamide), belinostat, scriptaid (6-(1,3-Dioxo-1H-benzo[de]isoquinolin-2(3H)-y1)-N-

hydroxyhexanamide), M344 (4-(dimethylamino)-N[7-(hydroxyamino)-7-oxoheptyl]benzamide), 

dacinostat ((E)-N-hydroxy-3-[4-[[2-hydroxyethyl-[2-(1H-indo1-3-

yl)ethyl]amino]methyl]phenyl]prop-2-enamide), abexinostat, CUDC-101 (74443-

ethynylphenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydroxyheptanamide), CUDC-907 (N-

hydroxy-2-(((2-(6-methoxypyridin-3-y1)-4-morpholinothieno[3,2-d]pyrimidin-6- 

yl)methyl)(methyl)amino)pyrimidine-5-carboxamide), and AR-42 ((S)-N-hydroxy-4-(3-methy1- 

2-phenylbutanamido)benzamide). In some embodiments, the inhibitor of histone deacetylase 

(including but not limited to the compounds listed above) is used at a concentration of between 

about 0.1 iaM to 5 mM, or between about 0.3 iaM to 4 mM, or between about 0.6 iaM to 3 mM, 

or between about 0.8 iaM to 2 mM, or between about 1 mM to 1.5 mM, or about 0.2, 0.4, 0.7, 

0.9, 5, 10, 20, 50, 70 or 90 iaM, or about 1.5, 2.5, 3.5 mM. 

Extracellular matrix: 

[0164] 	In some embodiments, stem cells are cultured in a microenvironment that mimics at 

least in part a cellular niche in which said stem cells naturally reside. This cellular niche may be 

mimicked by culturing said stem cells in the presence of biomaterials, such as matrices, 

scaffolds, and culture substrates that represent key regulatory signals controlling stem cell fate. 

Such biomaterials comprise natural, semi-synthetic and synthetic biomaterials, and/or mixtures 

thereof. 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 
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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. In some embodiments, the 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. In 

some embodiments, 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 one 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). 

[0165] 	A cellular niche is in part determined by the stem cells and surrounding cells, and the 

extracellular matrix (ECM) that is produced by the cells in said niche. In some embodiments, 

MESP are attached to an ECM. ECM is composed of a variety of polysaccharides, water, elastin, 

and glycoproteins, wherein the glycoproteins comprise collagen, entactin (nidogen), fibronectin, 

and laminin. ECM is secreted by connective tissue cells. Different types of ECM are known, 

comprising different compositions including different types of glycoproteins and/or different 

combination of glycoproteins. Said ECM can be provided by culturing ECM-producing cells, 

such as for example fibroblast cells, in a receptacle, prior to the removal of these cells and the 

addition of isolated liver fragments or isolated biliary duct or isolated epithelial stem 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, 

III, and V), chondroitin sulfate proteoglycan, hyaluronic acid, fibronectin, and tenascin-C. 

Alternatively, said ECM is commercially provided. Examples of commercially available 

extracellular matrices are extracellular matrix proteins (Invitrogen) and basement membrane 

preparations from Engelbreth-Holm-Swarm (EHS) mouse sarcoma cells (e.g. MatrigelTM (BD 

Biosciences)). A synthetic extracellular matrix material, such as ProNectin (Sigma Z378666) 

may be used. Mixtures of extracellular matrix materials may be used, if desired. The use of an 
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ECM for culturing stem cells enhanced long-term survival of the stem cells and the continued 

presence of undifferentiated stem cells. In the absence of an ECM, stem cell cultures could not 

be cultured for longer periods and no continued presence of undifferentiated stem cells was 

observed. In addition, the presence of an ECM allowed culturing of three-dimensional tissue 

organoids, which could not be cultured in the absence of an ECM. The extracellular matrix 

material will normally be coated onto a cell culture vessel, but may (in addition or alternatively) 

be supplied in solution. A fibronectin solution of about 1 mg/ml may be used to coat a cell 

culture vessel, or between about 1 pg/cm2  to about 250 pg/cm2, or at about 1 pg/cm2  to about 150 

pg/cm2
. In some embodiments, a cell culture vessel is coated with fibronectin at between 8 

pg/cm2 and 125 pg/cm2
. In some embodiments, the ECM comprises at least two distinct 

glycoproteins, such as two different types of collagen or a collagen and laminin. The ECM can 

be a synthetic hydrogel extracellular matrix or a naturally occurring ECM. AnotherECM is 

provided by MatrigelTM (BD Biosciences), which comprises laminin, entactin, and collagen IV. 

Characterization of MESP: 

[0166] 	The endoderm spheroid progenitor cells described herein are characterized by 

expression of any one or more, or at least two, or at least three, or at least four, or at least five, or 

at least six, or 1 or 2 or 3 or 4 or 5 or 6 or 7 or all of the following markers: HNF4A (NCBI 

Gene: 3172), PDX1 (NCBI Gene: 3651), CDX2 (NCBI Gene: 1045), SOX9 (NCBI Gene: 6662), 

KRT19 (NCBI Gene: 3880), AFP (NCBI Gene: 174), ONECUT2 (NCBI Gene: 9480), LGR5 

(NCBI Gene: 8549), EPHB2 (NCBI Gene: 2048), LGR4 (NCBI Gene: 55366), NR5A2 (NCBI 

Gene: 2494), CDH1 (NCBI Gene: 999), KRT7 (NCBI Gene: 3855), ZNF503 (NCBI Gene: 

84858), MSX2 (NCBI Gene: 4488), TRPS1 (NCBI Gene: 7227), ASCL2 (NCBI Gene: 430), 

IRF8 (NCBI Gene: 3394), HNF4G (NCBI Gene: 3174), ID2 (NCBI Gene: 3398), CD44 (NCBI 

Gene: 960), EPCAM (NCBI Gene: 4072), MET (NCBI Gene: 4233), IHH (NCBI Gene: 3549) 

and CLDN3 (NCBI Gene: 1365). 

[0167] 	The endoderm spheroid progenitor cells do not express or essentially do not express 

any one or two or three or four or five or all of the following markers SOX2 (NCBI Gene: 6657), 
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CER1 (NCBI Gene: 9350), GATA4 (NCBI Gene: 2626), SOX17 (NCBI Gene: 64321), FOXA2 

(NCBI Gene: 3170) and CXCR4 (NCBI Gene: 7852). 

[0168] 	The endoderm spheroid progenitor cells display polarity (herein, polarity of cells refers 

to the unique expression of proteins in specific membrane regions of the cells that is in contact 

with different environment. Polarity in endoderm spheroid progenitor cells is evident from the 

uneven distribution of E-cadherin protein on the cells. Regions enriched with E-Cadherin marks 

the apical and lateral membrane of the cells (Figure 49). 

Multipotent Endoderm Spheriod Progenitor (MESP) 

[0169] 	MESP is a unique stem cell that expresses many markers of the posterior foregut, 

including the HNF4A, PDX1 and CDX2 (Figure 4 and 13). Developmentally, the posterior 

foregut gives rise to three essential organs of human adult body, namely the liver, pancreas and 

duodenum. Cells forming these 3 organs express the respective regulatory factors HNF4A (in the 

liver), PDX1 (in the pancreas) and CDX2 (in the small intestine). MESP express all 3 factors and 

similarly has the ability to generate cells of the liver (Figure 17-20) 	pancreas (Figure 45) and , 

intestine (Figure 11 and 12). 

[0170] 	Unlike reported endoderm progenitor stem cells, MESP is cultured in 3D and forms a 

spheroid structure compared to the 2D monolayer cells (Table 1). Cells cultured in spheroid are 

arranged spatially to generate a lumen within. The 2 surface of the cells are thus exposed to 2 

different environments, adding to the complexity of cell state regulation in the spheroid. The 

uneven distribution of the adhesion molecule E-cadherin further supports that the cells expose to 

2 different environments exhibit polarity. The endoderm stem cell state maintained in the MESPs 

is different from the other endoderm stem cell reported. This difference is also evident in the 

signaling requirement of the MESP. TGFP signaling plays a role in maintaining early endoderm 

stem cell state (Table 1) and has been widely used in many PSCs differentiation protocol to 

induce early endoderm development (Figure 16) (Basma et al., 2009; D'Amour et al., 2006; 

Spence., et al 2011; Cheng., et al 2012; Gieseck., et al 2014; Hannan., et al 2013; Si-Tayeb., et al 

2010a; Schwartz., et al 2014 ). In contrast, the TGFP signaling pathway is inhibited in the 

maintenance of MESP (Table 1) and Wnt signaling pathway is activated. Corresponding to its 

44 



WO 2017/048193 
	

PCT/SG2016/050448 

late endoderm progenitor state (figure 16), MESP do not express many of the early endoderm 

progenitor markers such as SOX17, CXCR4, FOXA2, SOX2 and CER1 (Figure 9). Instead, 

MESP expresses many specific stem cell markers found in adult and fetal stem cells derive from 

the pancreas, liver, small intestine such as NR5A2, ASCL2, HNF4A, KRT7, SOX9, KRT19, 

PDX1, LGR4, LGR5 and ONECUT2 (Figure 10) (Si-Tayeb et al., 2010b; Dan et al., 2006; 

Schmelzer et al., 2007). In line with its posterior foregut identity, MESP do not express stem cell 

markers found in the colon stem cell and prostate progenitor (Figure 10). 

[0171] 	As a stem cell, MESP can be propagated for 19 passages (Figure 3A) and more, and 

display the ability to form the entire spheroid from a single cell (Figure 3B). Cells in the entire 

spheroid stain homogenously for the stem cell markers HNF4A, PDX1, CDX2, CK19 and SOX9 

(Figure 5A and 5B). Stem cell culture is a powerful resource that enables large scale expansion 

of cells for applications such as regenerative therapy, and large scale genomics and proteomics 

studies. MESP culture can be linearly scaled up in larger culture vessels to obtain large number 

of cells (Figure 6). As the cells are cultured in 3D, more cells are obtained when using a culture 

vessel of similar dimension compared to cells culture in 2D. MESP also display similar 

proliferation capacity over long term passages (Figure 7A) Importantly, the cells are able to 

maintain a normal karyotype in culture for more than 140 days (Figure 7B). 

[0172] 	As MESP can be efficiently derived by pluripotent stem cells including iPSCs (Figure 

13), MESP is potentially an invaluable cell resource for modeling diseases (Figure 14). This can 

be achieve by genome editing of PSCs including both hESCs and iPSCs or reprogramming 

somatic cells from patients with specific genetic disease back to the pluripotent stem cells states. 

These PSCs can be further used to the generate MESP with disease genetic background. These 

disease-specific MESP can be subsequently be used to the generate models of liver, pancreas and 

intestine diseases (Figure 14, 15 and 37). Thus, MESP is a power tool to generate models of 

diseased liver, pancreas and intestine for research. 

Derviation and Maintenance of MESP: 

[0173] 	Exemplary methods for deriving and maintaining MESP from endoderm cells are 

described in the Examples. The steps are illustrated in Figure 1. 
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2. 	Liver organoids 

[0174] 	Described herein is a method to generate liver organoids from progenitors and stem 

cells. The liver organoid fulfills key criteria's of a mini-organ which contain multiple cell types 

of the organ, spatially organized into structures that resembles organ tissues and performing 

organ specific functions. The liver organoid described herein contain at least the two major cells 

types of the liver, the hepatocytes and the cholangiocytes. The core of the organoids is formed by 

the hepatocytes and the cholangiocytes form bile duct-like structures around the core of 

hepatocytes. The hepatocytes form a network of bile canaliculi which connect to the 

cholangiocyte bile duct-like structures at the periphery, resembling the hepatocytes arrangement 

in the liver lobule which similarly connects to the bile duct via the bile canaliculi network 

(Figure 22). The liver organoids exhibit multiple liver specific functions including the liver 

specific metabolic activities, storage of glycogen, uptake of lipids, and secretion of albumin 

Importantly, organoids also exhibit similar bile secretion functions where the hepatocytes 

secretions are transported via the network of bile canaliculi to the bile duct structures formed by 

the cholangiocytes. This is the first demonstration in vitro where the hepatocytes and 

cholangiocytes are functionally connected by a network of bile canaliculi. The transport of the 

hepatocyte exports through the canaliculi to the cholangiocyte formed cyst structures mimics the 

in vivo bile secretion events in the liver. The liver organoid described herein thereby fulfills the 

criteria of an organoid which mimics the in vivo organ. The versatility of the method employ is 

demonstrated by the use both MESP and adult liver stem cell to generate the liver organoids. The 

2 distinct stem cell types generated organoids of similar composition and structure, supporting 

that the current method could be apply on different late endoderm stem cells that has the capacity 

to form liver cell types. 

[0175] 	One advantage of generating liver organoids from stem cells is scalability and an 

amendable system for modeling diseases. The stem cells can be expanded in large scale to allow 

production of large number of organoids. The self-renewing ability of the stem cells allows 

continuous generation of liver organoids from the stem cell population. Genetic modifications 

using genome editing tools such as CRISPR/Cas system or iPSC reprogramming would facilitate 

the generation disease-specific stem cells and liver organoids that exhibit various disease 
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phenotypes. These disease specific organoids would be highly useful for modeling disease in 

vitro (Figure 16) and identification of disease mechanism. The methods described herein also 

demonstrated the adaptability of the organoid generation method in high throughput manner 

where single organoids are generated in 96 well dishes. The individual organoids exhibited 

similar morphology and metabolic functions. 

[0176] 	Liver organoid-like structures have also been reported; however, they do not consist of 

somatic liver cell types and do not perform liver specific functions. A liver epithelial organoid 

has been derived from the adult liver (PCT/I1311/02167). The `organoid' describe in the 

PCT/IB11/02167 application consists largely of liver epithelial stem cells. These stem cells are 

used to generate either hepatocytes or cholangiocytes. These epithelial organoid stem cells do not 

contain multiple liver cell types, nor structures that resemble human liver tissue, and do not 

exhibit liver functions. A liver bud consisting of multiple cells types including liver hepatoblast 

have been generated (W02013047639 A1). The liver bud consists of mesenchymal cells, 

endothelial cells and liver hepatoblast which are aggregated on a gel. While the three cell types 

aggregate to form a mass on a dish, this liver bud does not form organized structures and does 

not exhibit liver specific functions. The liver bud has to be transplanted into a host for further 

maturation to functional liver tissues. In contrast, we describe herein the first human liver 

organoid comprising multiple, functional liver cell types, which has liver tissue organization and 

performs organ level functions such as bile secretion and transport (Table 2 and Table 3). 

[0177] 	Liver tissues have also been engineered in vitro using 3D printing technology (US 

2014/0287960 A1). In contrast with 3D printing technology, the instant methods employ the self-

organizing capacity of stem cells during differentiation. 3D printed liver tissues employ 

extracellular matrices as gels to adhere cells in layers at precise locations. The resulting liver 

tissue structure is predetermined and cells are printed to desired configurations. In constrast, the 

stem cell derived organoids described herein provide conditions for the cells to interact and self-

organize into structures resembling the liver tissue. The cells in the organoid interact and adhere 

without the need for addition of extracellular matrix. For example, the organoids described 

herein comprise endogenous extracellular matrix adhesion molecules produced by the cells in the 

organoid, compared to previous methods that use an exogenous matrigel or other extracellular 
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matrix to adhere the cells together in the structure. Table 4 summarizes important differences 

between the liver organoids described herein and 3D printed liver tissues. For example, in the 

liver organoids described herein, the parenchymal and non-parachymal cells are derived from 

primary stem cells, whereas previous methods (e.g., 3D printing and cell aggregation methods) 

use parenchymal and non-parachymal cell types from different stem cell origins or immortalized 

cell lines. Further, the liver organoids described herein comprise functional bile canaliculi, 

which were not produced using previous methods. 

[0178] 	In certain embodiments, the stem cells are the MESP. 

[0179] 	In certain embodiments, the stem cells are adult liver stem cells. 

[0180] 	In certain embodiments, the stem cells can be endoderm lineage progenitors that have 

the potential to give rise to liver tissue cell types. 

[0181] 	Thus, in some embodiments, the method of producing a liver organoid comprises 

culturing an endoderm stem cell in a first cell culture medium to obtain an early hepatic 

progenitor. In some cases, the endoderm stem cell is an early endoderm progenitor cell, a 

pluripotent stem cell, an induced pluripotent stem cell, a human embryonic stem cell, an MESP, 

or an adult liver stem cell. 

[0182] 	In certain embodiments, the organoids can consist of hepatocytes and cholangiocytes 

with at least one other liver cell types including stellate cells, Kupffer cells, hepatic progenitor 

cells and liver endothelial sinusoidal stem cells. 

[0183] 	In some embodiments, the organoids do not comprise genetically engineered cells, such 

as recombinantly modified cells. In some embodiments, the organoids do not comprise cells that 

are genetically engineered to express gene products such as RNA and/or proteins that regulate 

the proliferation of the cells. 

[0184] 	As shown in Table 5, the liver organoids described herein differ in certain aspects from 

primary liver tissue. For example, the hepatocytes in primary liver tissue are larger in size, 

comprise a double nucleus and exhibit polyploid chromosome number, whereas the hepatocytes 

in the liver organoids are about half the size of hepatocytes in primary liver, and comprise a 
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single nucleus containing diploid chromosome number. In addition, primary hepatocytes show a 

rapid decline in CYP functions after 24 hours in culture, whereas CYP function in the organoid 

hepatocytes is stable and maintained for weeks in culture. Primary cholangiocytes form long 

branching tubular structures and proliferate in culture, whereas organoid cholangiocytes form 

large cysts in culture, and do not proliferate. 

Derivation of hepatic organoids from MESP 

[0185] 	The Hepatic organoid culture system described herein comprises a plurality of soluble 

agents in three different hepatic culture media, a cellular support and suspension culture system. 

The cellular support provides culture conditions suitable for differentiation of MESP to early 

hepatic progenitors, and the suspension culture system provides culture conditions suitable for 

formation of late hepatic progenitors and subsequently organoids. In some embodiments, the 

plurality of soluble agents comprises one or more growth factors, an enhancer of the (canonical) 

WNT pathway, an inhibitor of TGF-0 signaling, and an inhibitor of Notch signaling. 

Media H1, H2 and H3 

[0186] 	Media components: 

H1 media 

[0187] 	In some embodiments, H1 media comprises: 

a. an activator of STAT3, GAB1 mediated cell adhesion and/or AKT/PI3K signaling 

pathway; 

b. a molecule which is an repressor of NFiB activity and activator of mitogen-

activated protein (MAP) kinase ERK, p38 and JNK; 

c. a TGF-0 inhibitor and/or SMAD2/3 inhibitor; 

d. a WNT-signaling activator; 

e. a steroid; 

f. at least one molecule(s) inducing phosphorylation of SMAD1, SMAD5 and 

SMAD8 and activating MAPK signaling; and 
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g. 	a molecule activating FGF and MAPK pathway. 

[0188] 	In some embodiments, molecule for inducing hepatic specification is a TGF-beta 

signaling inhibitor, wherein the TGF-(3 inhibitor is characterized by any one of the following: 

a) inhibition of TGF-(3 type I receptor ALK5 kinase; 

b) inhibition of type I Activin/nodal receptor ALK4; 

c) inhibition of type I nodal receptor ALK7; 

d) inhibition of SMAD2/3 phosphorylation; and/or 

e) inhibition of the Activin/TGF 0 /SMAD signaling pathway. 

[0189] 	The TGF-beta inhibitor can block activation of TGF-beta pathway, inducing hepatic 

lineage specification. In some embodiments, the TGF-beta inhibitor is selected from the group 

consisting of: 

i. A83-01 3-(6-Methy1-2-pyridiny1)-N-phenyl-4-(4-quinoliny1)-1H-pyrazole-1-

carbothioamide, 

ii. A 77-01 4-(3-(6-methylpyridin-2-y1)-1H-pyrazol-4-yDquinoline, 

iii. SD-208 2-(5-chloro-2-fluorophenyl)-N-pyridin-4-ylpteridin-4-amine, LY2157299 442- 

(6-methylpyridin-2-y1)-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-yl]quinoline-6-

carboxamide , 

iv. SB 431542 444-(1,3-benzodioxo1-5-y1)-5-pyridin-2-y1-1H-imidazol-2-yl]benzamide, 

GW788388 N-(oxan-4-y1)-444-(5-pyridin-2-y1-1H-pyrazol-4-yppyridin-2-yl]benzamide, 

v. SB505124 2-[4-(1,3-benzodioxo1-5-y1)-2-tert-buty1-1H-imidazol-5-y1]-6-methylpyridine, 

vi. SB525334 6-[2-tert-buty1-5-(6-methylpyridin-2-y1)-1H-imidazol-4-yl]quinoxaline, IN 

1130 243-[(4-amino-2-methylpyrimidin-5-yl)methyl]-4-methyl-1,3-thiazol-3-ium-5- 

yl]ethanol, 

vii. ITD 1 (6,6-dimethy1-5,7-dihydroimidazo[2,1-b][1,3]thiazol-4-ium-3-ypmethyl N,N'-

dicyclohexylcarbamimidothioate, 

viii. LY2109761 442-[4-(2-pyridin-2-y1-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazol-3-yl)quinolin- 

7-yl]oxyethyl]morpholine, 

ix. K02288 3-[6-amino-5-(3,4,5-trimethoxyphenyl)pyridin-3-yl]phenol, 
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x. 	TGF-fl RI kinase inhibitor [3-(Pyridin-2-y1)-4-(4-quinony1)]-1H-pyrazole] and derivatives 

thereof. 

[0190] 	In some embodiments, the TGF-beta inhibitor is used at a concentration of between 

about 0.5 nM to 20 µM, or 100 nM to 10 µM, or 250 nM to 5 µM, or 400 nM to 2.5 µM, or 0.5 

nM to 1 µM, or 0.5 nM to 0.5 µM, or between about 1.5 nM to 0.4 µM, or between about 10 nM 

to 0.3 µM, or between about 30 nM to 0.2 µM, or between about 40 nM to 0.1 µM, or between 

about 50 nM to 85 nM, or about 1, 5, 15, 25, 30, 35, 45, 50, 65, 75, 130, 150, 170, 250, 350 or 

450 nM; or about 0.5, 0.7, 0.9, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 8, 9, 10, 12, 14, 16, 18, or 20 

µM. In some embodiments, the TGF-beta inhibitor selected from the group consisting of (i) to 

(x) above is used at a concentration of between about 0.5 nM to 20 µM, or 100 nM to 10 µM, or 

250 nM to 5 µM, or 400 nM to 2.5 µM, or 0.5 nM to 1 µM, or 0.5 nM to 0.5 µM, or between 

about 1.5 nM to 0.4 µM, or between about 10 nM to 0.3 µM, or between about 30 nM to 0.2 µM, 

or between about 40 nM to 0.1 µM, or between about 50 nM to 85 nM, or about 1, 5, 15, 25, 30, 

35, 45, 50, 65, 75, 130, 150, 170, 250, 350 or 450 nM; or about 0.5, 0.7, 0.9, 1, 1.5, 2, 2.5, 3, 3.5, 

4, 4.5, 5, 5.5, 6, 8, 9, 10, 12, 14, 16, 18, or 20 µM. 

[0191] 	In some embodiments, the steroid is capable of inhibiting the NF--03 pathway, 

activating the PI3K/AKT/mTOR pathway, inhibiting the TGF-fl signaling pathway and/or 

inhibiting the IGF signaling pathway. In some embodiments, the steroid is a corticosteroid such 

as a glucocorticoid or an anti-inflammatory glucocorticoid which improves maintenance of 

endodermal stem cells. 

[0192] 	In some embodiments, the glucocorticoid is selected from the group consisting of: 

Dexamethasone (8S,9R,10S,11S,13S,14S,16R,17R)-9-Fluoro-11,17-dihydroxy-17-(2-

hydroxyacety1)-10,13,16-trimethy1-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-

cyclopenta[a]phenanthren-3-one, 

Cortisol (11 (3)-11,17,21-trihydroxypregn-4-ene-3,20-dione, 

Cortisone (8S,9S,10R,13S,14S,17R)-17-Hydroxy-17-(2-hydroxyacety1)-10,13-dimethy1-

1,2,6,7,8,9,12,14,15,16-decahydrocyclopenta[a]phenanthrene-3,11-dione, 

Prednisone 17,21-dihydroxypregna-1,4-diene-3,11,20-trione, 
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Prednisolone (11(3)-11,17,21-trihydroxypregna-1,4-diene-3,20-dione, 

Methylprednisolone (1S,2R,8S,10S,11S,14R,15S,17S)-14,17-dihydroxy-14-(2-

hydroxyacety1)-2,8,15-trimethyltetracyclo[8.7.0.02'7.011'15]heptadeca-3,6-dien-5-one, 

Betamethasone (8S,9R,10S,11S,13S,14S,16S,17R)-9-fluoro- 11,17-dihydroxy-17-(2-

hydroxyacety1)-10,13,16-trimethyl- 6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro- 3H-

cyclopenta [a] phenanthren-3-one, 

Triamcinolone (110,10-9-Fluoro-11,16,17,21-tetrahydroxypregna-1,4-diene-3,20-dione, 

Beclometasone (8S,9R,10S,11S,13S,14S,16S,17R)-9-chloro-11-hydroxy-10,13,16-

trimethy1-3-oxo-1742-(propionyloxy)acety1]-6,7,8,9,10,11,12,13,14,15,16,17-

dodecahydro-3H-cyclopenta [a] phenanthren-17-y1 propionate, 

Fludrocortisone acetate 9-fluoro-11,17-dihydroxy-17- (2-hydroxyacetyl)- 10,13- 

dimethyl- 1,2,6,7,8,9,10,11,12, 13,14,15,16,17- tetradecahydrocyclopenta[a]phenanthren-

3-one, 

Aldosterone 11f3,21-Dihydroxy-3,20-dioxopregn-4-en-18-al, 

and derivatives thereof. 

[0193] 	In some embodiments, the steroid, corticosteroid or glucocorticoid (such as 

dexamethasone) is used at a concentration of between about 0.5 µM to 200 µM, or between 

about 1.5 µM to 150 µM, or between about 5 µM to 100 µM, or between about 10 µM to 90 µM, 

or between about 20 µM to 80 µM, or between about 30 µM to 70 µM, or between about 40 µM 

to 60 µM, or about 2, 8, 15, 25, 30, 35, 45, 65, 75, 110, 130, 140, 160, 170 or 190 µM. 

[0194] 	In some embodiments, the WNT-signaling activator is a Glycogen synthase kinase 3 

(GSK3) inhibitor. In some embodiments, the GSK3 inhibitor is selected from the group 

consisting of: 

CHIR-99021 6-[2-[[4-(2,4-dichloropheny1)-5-(5-methy1-1H-imidazol-2-y1)pyrimidin-2-

yl]amino]ethylamino]pyridine-3-carbonitrile, BIO 6-bromoindirubin-31-oxime, 

SB 216763 3-(2,4-dichloropheny1)-4-(1-methylindol-3-yl)pyrrole-2,5-dione, CHIR-

98014 6-N-[2-[[4-(2,4-dichloropheny1)-5-imidazol-1-ylpyrimidin-2-yl]amino]ethy1]-3- 

nitropyridine-2,6-diamine, 
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TWS119 34[6-(3-aminopheny1)-7H-pyrrolo[2,3-d]pyrimidin-4-yl]oxy]phenol, IM-12 3- 

[2-(4-fluorophenyl)ethylamino]-1-methy1-4-(2-methy1-1H-indo1-3-yppyrrole-2,5-dione, 

1-Azakenpaullone 9-bromo-7,12-dihydropyrido[3',2':2,3]azepino[4,5-b]indo1-6(5H)-one, 

AR-A014418 1-[(4-methoxyphenyl)methy1]-3-(5-nitro-1,3-thiazol-2-y1)urea, SB415286 

3-(3-chloro-4-hydroxyanilino)-4-(2-nitrophenyl)pyrrole-2,5-dione, AZD1080 (3E)-3-[5-

(morpholin-4-ylmethyl)-1H-pyridin-2-ylidene]-2-oxo-1H-indole-5-carbonitrile, 

AZD2858 3-amino-6-[4-(4-methylpiperazin-l-yl)sulfonylphenyl]-N-pyridin-3-

ylpyrazine-2-carboxamide, 

Indirubin (3E)-3-(3-oxo-1H-indo1-2-ylidene)-1H-indo1-2-one, 

and derivatives thereof. 

[0195] 	In some embodiments, the WNT-signaling activator is used at a concentration of 

between about 0.1 µM to 10 µM, or between about 0.5 µM to 8 µM, or between about 1 µM to 7 

µM, or between about 2 µM to 6 µM, or between about 3 µM to 5 µM, or about 0.2, 0.3, 0.4,3, 4, 

4.5, 5, 6, 7.5, 8.5, 9, 9.5 or 10 µM. 

[0196] 	In some embodiments, the GSK3 inhibitor (e.g., CHIR-09921) is used at a 

concentration of between about 0.1 µM to 10 µM, or between about 0.5 µM to 8 µM, or between 

about 1 µM to 7 µM, or between about 2 µM to 6 µM, or between about 3 µM to 5 µM, or about 

0.2, 0.3, 0.4,3, 4, 4.5, 5, 6, 7.5, 8.5, 9, 9.5 or 10 µM. 

[0197] 	In some embodiments, the medium further comprises an activator of the AKT/PI3K 

signaling pathway and/or MAPK signaling pathway; such as but not limited to a compound 

selected from the group consisting of an epidermal growth factor (EGF), amphiregulin (AR), 

epigen (EPG), transforming growth factor alpha (TGFa), betacellulin (BTC), epiregulin (EPR), 

heparin-binding EGF-like growth factor (HB-EGF), and Neuregulin (NRG). In some 

embodiments, the activator of the AKT/PI3K signaling pathway and/or MAPK signaling 

pathway is used at a concentration of between about 5 ng/ml to 5 µg/ml, or between about 20 

ng/ml to 4 µg/ml, or between about 30 ng/ml to 3 µg/ml, or between about 40 ng/ml to 2 µg/ml, 

or between about 45 ng/ml to 500 ng/ml, or between about 50 ng/ml to 300 ng/ml, or about 35, 

40, 45, 50, 60, 70, 90, 100, 150, 200, 250, 300, 400, 450, 600, 700 or 800 ng/ml. In some 

embodiments, the epidermal growth factor (EGF), amphiregulin (AR), epigen (EPG), 
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transforming growth factor alpha (TGFa), betacellulin (BTC), epiregulin (EPR), heparin-binding 

EGF-like growth factor (HB-EGF), and/or Neuregulin (NRG) is used at a concentration of 

between about 5 ng/ml to 5 µg/ml, or between about 20 ng/ml to 4 µg/ml, or between about 30 

ng/ml to 3 µg/ml, or between about 40 ng/ml to 2 µg/ml, or between about 45 ng/ml to 500 

ng/ml, or between about 50 ng/ml to 300 ng/ml, or about 35, 40, 45, 50, 60, 70, 90, 100, 150, 

200, 250, 300, 400, 450, 600, 700 or 800 ng/ml. 

[0198] 	In some embodiments, the medium further comprises an activator of STAT3, an 

activator of GAB1 mediated cell adhesion and/or an activator of the AKT/PI3K signaling 

pathway. In some embodiments, the activator of STAT3, activator of GAB1 mediated cell 

adhesion and/or activator of the AKT/PI3K signaling pathway is used at a concentration of 

between about 2 ng/ml to 5 µg/ml, or between about 5 ng/ml to 5 µg/ml, or between about 10 

ng/ml to 4 µg/ml, or between about 15 ng/ml to 3 µg/ml, or between about 20 ng/ml to 2 µg/ml, 

or about 5, 18, 20, 25, 28, 30, 50, 60, or 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 µg/ml. In some 

embodiments, the activator of the AKT/PI3K signaling pathway is a hepatocyte growth factor 

(HGF). In some embodiments, HGF is used at a concentration of between about 2 ng/ml to 5 

µg/ml, or between about 5 ng/ml to 5 µg/ml, or between about 10 ng/ml to 4 µg/ml, or between 

about 15 ng/ml to 3 µg/ml, or between about 20 ng/ml to 2 µg/ml, or about 5, 18, 20, 25, 28, 30, 

50, 60, or 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 µg/ml. 

[0199] 	In some embodiments, the medium further comprises a molecule which is a repressor 

of NFKB activity and/or activator of mitogen-activated protein (MAP) kinase ERK, p38 and 

JNK. In some embodiments, the molecule which is a repressor of NFid3 activity and/or activator 

of mitogen-activated protein (MAP) kinase ERK, p38 and JNK is used at a concentration of 

between about 0.1 mM to 1 M, or between about 2 mM to 0.8 M, or between about 4 mM to 0.6 

M, or between about 6 mM to 0.4 M, or between about 8 mM to 0.2 M, or between about 10 mM 

to 800 mM, or between about 50 mM to 500 mM, or about 3, 5, 9, 15, 20, 30, 50, 80, 100, 120, 

150, 200, 250, 300, 350, 400 or 450 mM. In some embodiments, the medium further comprises 

a compound selected from the group consisting of nicotinamide, nicotinic acid, 5- 
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fluoronicotinamide, isonicotinic acid hydrazide, and nikethamide. In some embodiments, 

nicotinamide, nicotinic acid, 5-fluoronicotinamide, isonicotinic acid hydrazide, and/or 

nikethamide is used at a concentration of between about 0.1 mM to 1 M, or between about 2 mM 

to 0.8 M, or between about 4 mM to 0.6 M, or between about 6 mM to 0.4 M, or between about 8 

mM to 0.2 M, or between about 10 mM to 800 mM, or between about 50 mM to 500 mM, or 

about 3, 5, 9, 15, 20, 30, 50, 80, 100, 120, 150, 200, 250, 300, 350, 400 or 450 mM. 

[0200] 	In some embodiments, the medium further comprises at least one, at least two, or at 

least three molecules inducing phosphorylation of SMAD1, SMAD5 and SMAD8 and activating 

MAPK signaling. In some embodiments, the molecule(s) inducing phosphorylation of SMAD1, 

SMAD5 and SMAD8 and activating MAPK signaling is used at a concentration of between 

about 2 ng/ml to 5µg/ml, or between about 5 ng/ml to 5µg/ml, or between about 10 ng/ml to 4 

µg/ml, or between about 15 ng/ml to 3 µg/ml, or between about 20 ng/ml to 2 µg/ml, or about 5, 

18, 20, 25, 28, 30, 50, 60, 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 lag/ml. In some embodiments, the 

medium further comprises a molecule selected from the group consisting of BMP4, BMP2, 

BMP3, BMP5, BMP6, and BMP7. In some embodiments, the BMP family molecule(s) is/are 

used at a concentration of between about 2 ng/ml to 5µg/ml, or between about 5 ng/ml to 5 

lag/ml, or between about 10 ng/ml to 4µg/ml, or between about 15 ng/ml to 3µg/ml, or between 

about 20 ng/ml to 2µg/ml, or about 5, 18, 20, 25, 28, 30, 50, 60, 70 ng/ml, or about 1, 2.5, 3.5 or 

4.5 µg/ml. 

[0201] 	In some embodiments, the medium further comprises a molecule which is an activator 

of the FGF and MAPK pathway. In some embodiments, the medium further comprises a 

molecule selected from the group consisting of FGF7, FGF1, FGF3, FGF10, and FGF22. In 

some embodiments, the activator of the FGF and MAPK pathway, or FGF family molecule is 

used at a concentration of between about 2 ng/ml to 5µg/ml, or between about 5 ng/ml to 5 

lag/ml, or between about 10 ng/ml to 4µg/ml, or between about 15 ng/ml to 3 iLts/m1, or between 

about 20 ng/ml to 2µg/ml, or about 5, 18, 20, 25, 28, 30, 50, 60, 70 ng/ml, or about 1, 2.5, 3.5 or 

4.5 µg/ml. 

[0202] 	Additional components found in some embodiments: 
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[0203] 	In some embodiments, the medium further comprises an activator of cAMP-dependent 

pathways, such as an activator of the Protein Kinase A signaling pathway, which induces 

proliferation of epithelial cell types. In some embodiments, the activator of the cAMP-

dependent pathway is a compound selected from the group consisting of dibutyryl-

cAMP(dbCAMP), forskolin ((3R,4aR,5S,6S,6aS,10S,10aR,10bS)-6,10,10b-trihydroxy- 

3,4a,7,7,10a-pentamethyl-l-oxo-3-vinyldodecahydro-1H-benzo[f]chromen-5-y1 acetate), 

caffeine, theophylline, cholera toxin and pertussis toxin. In some embodiments, the activator of 

cAMP-dependent pathways is used at a concentration of between about 20 ng/ml to 1 µg/ml, or 

between about 10 ng/ml to 0.8 µg/ml, or between about 15 ng/ml to 0.6 µg/ml, or between about 

20 ng/ml to 2 µg/ml, or about 5, 18, 20, 25, 28, 30, 50, 60, or 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 

µg/ml. In some embodiments, a compound selected from the group consisting of dibutyryl-

cAMP(dbCAMP), forskolin ((3R,4aR,5S,6S,6aS,10S,10aR,10bS)-6,10,10b-trihydroxy- 

3,4a,7,7,10a-pentamethyl-l-oxo-3-vinyldodecahydro-1H-benzo[f]chromen-5-y1 acetate), 

caffeine, theophylline, cholera toxin and pertussis toxin is used at a concentration of between 

about 20 ng/ml to 1 µg/ml, or between about 10 ng/ml to 0.8 µg/ml, or between about 15 ng/ml 

to 0.6 µg/ml, or between about 20 ng/ml to 2 µg/ml, or about 5, 18, 20, 25, 28, 30, 50, 60, or 70 

ng/ml, or about 1, 2.5, 3.5 or 4.5 µg/ml. 

[0204] 	In some cases, the medium further comprises an activator of the Notch receptor. In 

some embodiments, the activator of the Notch receptor is used at a concentration of between 

about 10 nM to 100 µM, or between about 50 nM to 80 µM, or between about 100 nM to 60 µM, 

or between about 500 nM to 40 µM, or between about 800 nM to 20 µM, or between about 900 

nM to 10 µM, or about 20, 40, 60, or 80 nM or about 1, 1.5, 15, 30, 50, 60, 90 or 100 µM. In 

some embodiments, the activator of the Notch receptor is a compound selected from the group 

consisting of Jaggedl protein (homo sapiens, also known as AGS; AHD; AWS; HJ1; CD339; 

JAGL1; JAG1), Jagged2 (NCBI 3714), Delta-likel (NCBI 28514), Delta-like3 (NCBI 10683), 

and Delta-like4 (NCBI 54567). In some embodiments, the Jaggedl protein (homo sapiens, also 

known as AGS; AHD; AWS; HJ1; CD339; JAGL1; JAG1), Jagged2 (NCBI 3714), Delta-likel 

(NCBI 28514), Delta-like3 (NCBI 10683), and/or Delta-like4 (NCBI 54567) is used at a 

concentration of between about 10 nM to 100 µM, or between about 50 nM to 80 µM, or 
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between about 100 nM to 60 µM, or between about 500 nM to 40 µM, or between about 800 nM 

to 20 µM, or between about 900 nM to 10 µM, or about 20, 40, 60, or 80 nM or about 1, 1.5, 15, 

30, 50, 60, 90 or 100 µM. 

[0205] 	In some embodiments, the medium further comprises an inhibitor of histone 

deacetylase (HDACs). In some embodiments, the inhibitor of histone deacetylase is a compound 

selected from the group consisting of valporic acid (VPA) (2-propylpentanoic acid), sodium 

butyrate (sodium;4-hydroxybutanoate), vorinotstat (N'-hydroxy-N-phenyloctanediamide), 

panobinostat ((E)-N-hydroxy-3-[4-[[2-(2-methy1-1H-indo1-3-ypethylamino]methyl]phenyl]prop- 

2-enamide), trichostatin A ((2E,4E,6R)-744-(dimethylamino)pheny1]-N-hydroxy-4,6-dimethy1- 

7-oxohepta-2,4-dienamide), mocetinostat (N-(2-aminopheny1)-4-[[(4-pyridin-3-ylpyrimidin-2- 

yl)amino]methyl]benzamide), BG45 (N-(2-aminophenyl)-2-pyrazinecarboxamide), 4SC-202 

((E)-N-(2-aminopheny1)-3-(1-((4-(1-methy1-1H-pyrazol-4-y1)phenypsulfony1)-1H-pyrrol-3-

y1)acrylamide), belinostat, scriptaid (6-(1,3-Dioxo-1H-benzo[de]isoquinolin-2(3H)-y1)-N-

hydroxyhexanamide), M344 (4-(dimethylamino)-N[7-(hydroxyamino)-7-oxoheptyl]benzamide), 

dacinostat ((E)-N-hydroxy-3-[4-[[2-hydroxyethyl-[2-(1H-indo1-3-

yl)ethyl]amino]methyl]phenyl]prop-2-enamide), abexinostat, CUDC-101 (74443-

ethynylphenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydroxyheptanamide), CUDC-907 (N-

hydroxy-2-(((2-(6-methoxypyridin-3-y1)-4-morpholinothieno[3,2-d]pyrimidin-6- 

yl)methyl)(methyl)amino)pyrimidine-5-carboxamide), and AR-42 ((S)-N-hydroxy-4-(3-methy1- 

2-phenylbutanamido)benzamide). In some embodiments, the inhibitor of histone deacetylase 

(including but not limited to the compounds listed above) is used at a concentration of between 

about 0.1 µM to 5 mM, or between about 0.3 µM to 4 mM, or between about 0.6 µM to 3 mM, 

or between about 0.8 µM to 2 mM, or between about 1 mM to 1.5 mM, or about 0.2, 0.4, 0.7, 

0.9, 5, 10, 20, 50, 70 or 90 µM, or about 1.5, 2.5, or 3.5 mM. 

[0206] 	In some embodiments, culture using the first media H1 is for 1 to 10 days or 1 to 8 days 

or 1 to 6 days. 

[0207] 	In some embodiments, culture using second media H2 is for 6 to 12 days or 4 to 10 

days or 6 to 8 days. 
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[0208] 	In some embodiments, culture using third media H3 is for 18 to 26 days or 20 to 24 

days or 19 to 22 days. 

H2 media 

[0209] 	In some embodiments, H2 medium comprises: 

a) an activator of STAT3, GAB1 mediated cell adhesion and/or AKT/PI3K signaling 

pathway; 

b) a molecule which is an repressor of NFKBactivity and activator of mitogen-activated 

protein (MAP) kinase ERK, p38 and JNK; 

c) a TGF-(3 inhibitor and/or SMAD2/3 inhibitor; 

d) a steroid; 

e) a molecule inducing phosphorylation of SMAD1 and SMAD5 and activating MAPK 

signaling; and 

f) a molecule that regulates bile acid synthesis and activates FGF and MAPK pathway. 

[0210] 	In some embodiments, the TGF-beta signaling inhibitor is as described and used at the 

concentrations described in media Hl. 

[0211] 	In some embodiments, the steroid and concentrations are as described above for media 

Hl. 

[0212] 	In some embodiments, the medium further comprises an activator of AKT/PI3K 

signaling pathway and MAPK signaling pathway as described and used at the concentrations 

described in media H1. In some embodiments, the medium further comprises a compound 

selected from the group consisting of an epidermal growth factor (EGF), amphiregulin (AR), 

epigen (EPG), transforming growth factor alpha (TGFa), betacellulin (BTC), epiregulin (EPR), 

heparin-binding EGF-like growth factor (HB-EGF), and Neuregulin (NRG). In some 

embodiments,the compound (e.g., EGF) is used at a concentration of between about 5 ng/ml to 5 

µg/ml, or between about 20 ng/ml to 4µg/ml, or between about 30 ng/ml to 3 la g/ml, or between 

about 40 ng/ml to 2 la g/ml, or between about 45 ng/ml to 500 ng/ml, or between about 50 ng/ml 
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to 300 ng/ml, or about 35, 40, 45, 50, 60, 70, 90, 100, 150, 200, 250, 300, 400, 450, 600, 700 or 

800 ng/ml. 

[0213] 	In some embodiments, the medium further comprises an activator of STAT3, GAB1 

mediated cell adhesion and AKT/PI3K signaling pathway as described and used at the 

concentrations described in media Hl. In some embodiments, the medium further comprises a 

hepatocyte growth factor (HGF). In some embodiments, HGF is used at a concentration of 

between about 2 ng/ml to 5µg/ml, or between about 5 ng/ml to 5µg/ml, or between about 10 

ng/ml to 4µg/ml, or between about 15 ng/ml to 3µg/ml, or between about 20 ng/ml to 2µg/ml, 

or about 5, 18, 20, 25, 28, 30, 50, 60, 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 µg/ml. 

[0214] 	In some embodiments, the medium further comprises a molecule which is an repressor 

of NFKB activity and activator of mitogen-activated protein (MAP) kinase ERK, p38 and JNK as 

described and used at the concentrations described in media Hl. In some embodiments, the 

medium further comprises a compound selected from the group consisting of nicotinamide, 

nicotinic acid, 5-fluoronicotinamide, isonicotinic acid hydrazide, and nikethamide. In some 

embodiments, the compound (e.g., Nicotinamide) is used at a concentration of between about 0.1 

mM to 1 M, or between about 2 mM to 0.8 M, or between about 4 mM to 0.6 M, or between 

about 6 mM to 0.4 M, or between about 8 mM to 0.2 M, or between about 10 mM to 800 mM, or 

between about 50 mM to 500 mM, or about 3, 5, 9, 15, 20, 30, 50, 80, 100, 120, 150, 200, 250, 

300, 350, 400 or 450 mM. 

[0215] 	In some embodiments, the medium further comprises at least one, at least two, or at 

least three molecule(s) inducing phosphorylation of SMAD1, SMAD5 and SMAD8 and 

activating MAPK signaling as described and used at the concentrations described in media Hl. 

[0216] 	In some embodiments, the medium further comprises a molecule regulating bile acid 

synthesis and activates FGF and MAPK pathway as described and used at the concentrations 

described in media Hl. In some embodiments, the molecule is selected from the group 

consisting of FGF19, FGF1, FGF2, FGF4, FGF6, FGF8, FGF9, FGF16, FGF17, FGF18, FGF20, 

and FGF23. In some embodiments, the FGF family member is used at a concentration of 5 ng/ml 

to 0.8 µg/ml, or between about 10 ng/ml to 0.6 µg/ml, or between about 50 ng/ml to 0.5 µg/ml, 
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or between about 150 ng/ml to 1µg/ml, or about 5, 20, 50, 100, 200, 250, 300, 400, 500 ng/ml, 

or about 1, 0.8, 0.7 or 0.9 µg/ml. 

[0217] 	H2 media can further comprises a component for inducing late hepatic progenitor 

differentiation, wherein the component is any one or two of the following components: 

An inhibitor of y-secretase; and 

a YAP inhibitor. 

[0218] 	In some embodiments, the inhibitor of y-secretase is selected from the group consisting 

of Compound E (C-E) (2S)-21[2-(3,5-difluorophenypacetyl]amino]-N-[(3S)-1-methy1-2-oxo-5-

pheny1-3H-1,4-benzodiazepin-3-yl]propanamide, Dibenzazepine (DBZ): (2S)-21[2-(3,5-

difluorophenyl)acetyl]amino]-N-R7S)-5-methy1-6-oxo-7H-benzo[d][1]benzazepin-7-

yl]propanamide, DAPT:tert-butyl (2S)-2-[[(2S)-24[2-(3,5-

difluorophenyl)acetyl]amino]propanoyl]amino]-2-phenylacetate, Begacestat: 5-chloro-N-[(2S)- 

4,4,4-trifluoro-l-hydroxy-3-(trifluoromethypbutan-2-yl]thiophene-2-sulfonamide, and Flurizan: 

(2R)-2-(3-fluoro-4-phenylphenyl)propanoic acid. In some embodiments, the inhibitor of y-

secretase is used at a concentration of between about 10 nM to 5µM, or between about 100 nM 

to 4µM, or between about 200 nM to 3.5 iaM, or between about 300 nM to 3µM, or between 

about 400 nM to 2.5 iaM, or between about 450 nM to 2µM, or between about 500 nM to 1.5 

iaM, or about 50, 90, 150, 250, 350, 450, 480, 500, 650, or 700 nM. 

[0219] 	In some embodiments, the YAP inhibitor is selected from the group consisting of: 

Verteporfin 3-[(23S,24R)-14-etheny1-5-(3-methoxy-3-oxopropy1)-22,23-

bis(methoxycarbony1)-4,10,15,24-tetramethy1-25,26,27,28-

tetraazahexacyclo[16.6.1.13'6.18'11. 1 13,16.019,24]octacosa 

1,3,5,7,9,11(27),12,14,16,18(25),19,21-dodecaen-9-yl]propanoic acid, 

LPA [(2R)-2-hydroxy-3-phosphonooxypropyl] (Z)-octadec-9-enoate, 

S113  [(E,2S,3R)-2-amino-3-hydroxyoctadec-4-enyl] dihydrogen phosphate, Thrombin 

(2S)-2-[[(2S)-1- [(2S)-5-amino-2-[ [2- [ [(2S)-6-amino-2-[[2-[[(2S)-2-[ [(2S)-4-amino-2-

[[(2S)-2-[[(2S,3R)-2-[[(2S)-2-[[(2S,3R)-2-amino-3-hydroxybutanoyl]amino]-3-(1H- 
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indol-3-yl)propanoyl] amino] -3 -hydroxybutanoyl] amino]propanoyl] amino] -4- 

oxobutanoyl] amino]-3- 

methylbutanoyl] amino] acetyl] amino]hexanoyl] amino] acetyl] amino] -5- 

oxopentanoyl]pyrrolidine-2-carbonyl]amino]-3-hydroxypropanoic acid, Epinephrine 4- 

[(1R)-1-hydroxy-2-(methylamino)ethyl]benzene-1,2-diol, Glucagon (2S)-2-[[(2S,3R)-2- 

[[2-[[(2S)-5-amino-2-[ [(2S)-2- [[(2S)-2-amino-3-(1H-imidazol-5-yl)propanoyl] amino] -3-

hydroxypropanoyl]amino]-5-oxopentanoyl]amino]acetyl]amino]-3-

hydroxybutanoyl]amino]-3-phenylpropanoic acid, 

Dihydrexidine(6aR,12bS)-5,6,6a,7,8,12b-hexahydrobenzo[a]phenanthridine-10,11-diol, 

Dobutamine4-[2-[4-(4-hydroxyphenyl)butan-2-ylamino]ethyl]benzene-1,2-diol, 

DasatinibN-(2-chloro-6-methylpheny1)-2- [ [6- [4-(2-hydroxyethyl)piperazin-l-yl] -2-

methylpyrimidin-4-yl]amino]-1,3-thiazole-5-carboxamide, 

Latrunculin A (4R)-4-[(1R,4S,5Z,7E,11Z,15R,17R)-17-hydroxy-4,11-dimethy1-13-oxo- 

14,18-dioxabicyclo[13.3.1]nonadeca-5,7,11-trien-17-y1]-1,3-thiazolidin-2-one, 

Latrunculin B (4R)-4-[(1R,4S,5Z,9Z,13R,15R)-15-hydroxy-4,9-dimethy1-11-oxo-12,16-

dioxabicyclo[11.3.1]heptadeca-5,9-dien-15-y1]-1,3-thiazolidin-2-one, 

Cytochalasin D(3S,3aR,4S,6S,6aR,7E,10S,12R,13E,15R,15aR)-3-Benzy1-6,12-

dihydroxy-4,10,12-trimethy1-5-methylene-1,11-dioxo-2,3,3a,4,5,6,6a,9,10,11,12,15-

dodecahydro-1H-cycloundeca[d]isoindo1-15-y1 acetate 

Blebbistatin 3a-hydroxy-6-methyl-l-pheny1-2,3-dihydropyrrolo[2,3-b]quinolin-4-one, 

ML7 1-(5-iodonaphthalen-l-yl)sulfonyl-1,4-diazepane, 

Botulinum C3 4-N-(3 -chloro-7-methoxyacridin-l-y1)-1-N,1-N-diethylpentane-1,4-

diamine;dihydrochloride, 

Y27632 4-[(1R)-1-aminoethy1]-N-pyridin-4-ylcyclohexane-l-carboxamide, and 

derivatives thereof. In some embodiments, the YAP inhibitor (e.g.,Verteporfin) is used at 

a concentration of between about 1 nM to 10 µM, or between about 50 nM to 8 µM, or 

between about 200 nM to 6 µM, or between about 500 nM to 4 µM, or between about 

700 nM to 2 µM, or between about 1 µM to 2 µM, or about 1, 10, 30, 70, 130, 180, 250, 

350, 400, 600, 800 or 900 nM or about 9, 7, 5, 3, 2.5, 1.5 or 1 µM. 

61 



WO 2017/048193 
	

PCT/SG2016/050448 

H3 Media 

[0220] 	In some embodiments, H3 medium comprises: 

• a TGF-fl inhibitor and/or SMAD2/3 inhibitor; 

• a pleiotropic cytokine that belongs to the interleukin 6 group of cytokines; 

• an inhibitor of y-secretase; and 

• a steroid. 

[0221] 	The pleiotropic cytokine that belongs to the interleukin 6 group of cytokines is capable 

of activating JAK-STAT, MAPK and AKT/PI3K signaling. In some embodiments, the 

pleiotropic cytokine is oncostatin M (OSM) or leukemia inhibitory factor (LIF; NCBI: 3976), or 

Cardiotrophin-1/CT-1 (NCBI: 1489), or ciliary neurotrophic factor receptor (CNTF; NCBI: 

1271), IL-11 or IL-31. In some embodiments, the pleiotropic cytokine (e.g., OSM) is used at a 

concentration of between about 0.1 ng/ml to 1µg/ml, or between about 10 ng/ml to 0.8 µg/ml, or 

between about 15 ng/ml to 0.6 µg/ml, or between about 20 ng/ml to 2µg/ml, or about 5, 18, 20, 

25, 28, 30, 50, 60, 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 µg/ml. 

[0222] 	In some embodiments, the inhibitor of y-secretase is selected from the group consisting 

of Compound E (C-E) (2S)-21[2-(3,5-difluorophenypacetyl]amino]-N-[(3S)-1-methy1-2-oxo-5- 

pheny1-3H-1,4-benzodiazepin-3-yl]propanamide, Dibenzazepine (DBZ): (2S)-21[2-(3,5-

difluorophenyl)acetyl]amino]-N-R7S)-5-methy1-6-oxo-7H-benzo[d][1]benzazepin-7-

yl]propanamide, DAPT:tert-butyl (2S)-2-[[(2S)-24[2-(3,5-

difluorophenyl)acetyl]amino]propanoyl]amino]-2-phenylacetate, Begacestat: 5-chloro-N-R2S)- 

4,4,4-trifluoro-l-hydroxy-3-(trifluoromethypbutan-2-yl]thiophene-2-sulfonamide, and Flurizan: 

(2R)-2-(3-fluoro-4-phenylphenyl)propanoic acid. In some embodiments, the inhibitor of y-

secretase (e.g., Compound E (C-E)) is used at a concentration of between about 10 nM to 5µM, 

or between about 100 nM to 4µM, or between about 200 nM to 3.5 iaM, or between about 300 

nM to 3µM, or between about 400 nM to 2.5 iaM, or between about 450 nM to 2µM, or 

between about 500 nM to 1.5 iaM, or about 50, 90, 150, 250, 350, 450, 480, 500, 650, or 700 nM. 
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[0223] 	In some embodiments, the TGF-beta signaling inhibitor is as described and is used at 

the concentrations described above for media Hl. 

[0224] 	In some embodiments, the steroid is as described and is used at the concentrations 

described above for media Hl. 

[0225] 	H3 medium can further comprises at least one or two or three or four or five or six 

component(s) promoting maturation of hepatic organoid and/or at least one or two or three 

component(s) promoting survival of hepatic organoids. 

[0226] 	The component(s) promoting maturation of the hepatic organoid is selected from the 

group consisting of: 

a compound inducing phosphorylation of SMAD1, SMAD5 and SMAD8 and activating 

MAPK signaling; 

an interleukin that acts as both a pro-inflammatory cytokine and an anti-inflammatory 

myokine; 

a compound that regulates bile acid synthesis and activates FGF and MAPK pathway; 

activator of cAMP-dependent pathways; 

a YAP inhibitor; and 

a compound with biliary acid potency. 

[0227] 	In some embodiments, the above components that promote maturation of the hepatic 

organoid are as described and are used at the concentrations described above for media H1 and 

H2. 

[0228] 	The interleukin that acts as both a pro-inflammatory cytokine and an anti-inflammatory 

myokine activates JAK-STAT, MAPK and AKT/PI3K signaling. In some embodiments, the 

interleukin is IL-6. In some embodiments, the interleukin is at a concentration of between about 

0.1 ng/ml to 1µg/ml, or between about 5 ng/ml to 0.5 lag/m1 or between about 10 ng/ml to 0.8 

lag/ml, or between about 15 ng/ml to 0.6 lag/ml, or between about 20 ng/ml to 2µg/ml, or about 

5, 18, 20, 25, 28, 30, 50, 60, 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 lag/ml. 
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[0229] 	In some embodiments, the compound with biliary acid potency is characterized by any 

one or more or all of the following capabilities: activating the nuclear farnesoid X receptor, 

increasing cAMP and thus activating the PKC signaling pathway. In some embodiments, the 

compound with biliary acid potency is selected from the group consisting of: 

Taurocholic acid 2-[[(4R)-4-[(3R,5S,7R,8R,9S,10S,12S,13R,14S,17R)-3,7,12- 

trihydroxy-10,13-dimethy1-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-

cyclopenta[a]phenanthren-17-yl]pentanoyl]amino]ethanesulfonic acid, 

Cholic acid (4R)-4-[(3R,5S,7R,8R,9S,10S,12S,13R,14S,17R)-3,7,12-trihydroxy-10,13-

dimethy1-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-

cyclopenta[a]phenanthren-17-yl]pentanoic acid, 

Chenodeoxycholic acid (4R)-4-[(3R,5S,7R,8R,9S,10S,13R,14S,17R)-3,7-dihydroxy-

10,13-dimethy1-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-

cyclopenta[a]phenanthren-17-yl]pentanoic acid, 

Glycocholic acid 2-[[(4R)-4-[(3R,5S,7R,8R,9S,10S,12S,13R,14S,17R)-3,7,12- 

trihydroxy-10,13-dimethy1-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-

cyclopenta[a]phenanthren-17-yl]pentanoyl]amino]acetic acid, 

Deoxycholic acid (4R)-4-[(3R,5R,8R,9S,10S,12S,13R,14S,17R)-3,12-dihydroxy-10,13-

dimethy1-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-

cyclopenta[a]phenanthren-17-yl]pentanoic acid, 

Glycochenodeoxycholic acid 2-[[(4R)-4-[(3R,5S,7R,8R,9S,10S,13R,14S,17R)-3,7- 

dihydroxy-10,13-dimethy1-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-

cyclopenta[a]phenanthren-17-yl]pentanoyl]amino]acetic acid, 

Taurochenodeoxycholic acid 2-[[(4R)-4-[(3R,5S,7R,8R,9S,10S,13R,14S,17R)-3,7- 

dihydroxy-10,13-dimethy1-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-

cyclopenta[a]phenanthren-17-yl]pentanoyl]amino]ethanesulfonic acid, 

Lithocholic acid (4R)-4-[(3R,5R,8R,9S,10S,13R,14S,17R)-3-hydroxy-10,13-dimethy1-

2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-17-

yl]pentanoic acid, and derivatives thereof. 
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[0230] 	In some embodiments, the compound with biliary acid potency is used at a 

concentration of between about 1 µM to 1 mM, or about 10 µM to 0.8 mM, or about 50 µM to 

0.6 mM, or about 100 µM to 0.4 mM, or about 150 µM to 0.2 mM, or about 5, 15, 20, 40, 60, 80, 

90, 100, 150, 250, 350, 450, 550, 650, 750, or 850 µM. 

[0231] 	In some embodiments, the component(s) promoting survivability of the hepatic 

organoid is selected from the group consisting of: 

an activator of STAT3, GAB1 mediated cell adhesion and/or AKT/PI3K signaling 

pathway; 

a glycosaminoglycan; and 

an activator of AKT/PI3K signaling pathway and MAPK signaling pathway. 

[0232] 	In some embodiments, the activator of the STAT3, GAB1 mediated cell adhesion 

and/or AKT/PI3K signaling pathway, and the activator of AKT/PI3K signaling pathway and 

MAPK signaling pathway are as described and are used at the concentrations described above for 

media H1 and H2. 

[0233] 	In some embodiments, the glycosaminoglycan is used at a concentration of between 

about 100 ng/ml to 1 mg/ml, or between about 100 ng/ml to 1 mg/ml, or between about 500 

ng/ml to 0.5 mg/m1„ or between about 1 µg/m1 to 0.1 mg/ml, or between about 5 µg/m1 to 500 

µg/ml, or about 300, 500, 700 or 800 ng/ml, or about 1, 2, 3, 10, 20, 40, 50, 60, 100, 500, 700 

µg/ml. In some embodiments, the glycosaminoglycan is heparin, and is used at a concentration 

of between about 100 ng/ml to 1 mg/ml, or between about 100 ng/ml to 1 mg/ml, or between 

about 500 ng/ml to 0.5 mg/m1„ or between about 1 µg/m1 to 0.1 mg/ml, or between about 5 

µg/m1 to 500 µg/ml, or about 300, 500, 700 or 800 ng/ml, or about 1, 2, 3, 10, 20, 40, 50, 60, 

100, 500, 700 µg/m1 

Extracellular matrix and suspension culture 

[0234] 	Extracellular matrix: 
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[0235] 	In some embodiments, Stem cells are cultured in a microenvironment that mimics at 

least in part a cellular niche in which said stem cells naturally reside. This cellular niche may be 

mimicked by culturing said stem cells in the presence of biomaterials, such as matrices, 

scaffolds, and culture substrates that represent key regulatory signals controlling stem cell fate. 

Such biomaterials comprise natural, semi-synthetic and synthetic biomaterials, and/or mixtures 

thereof. 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. In some embodiments, the 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. In 

some embodiments, 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 one 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). A cellular niche is in part 

determined by the stem cells and surrounding cells, and the extracellular matrix (ECM) that is 

produced by the cells in said niche. In some embodiments, MESP are attached to an ECM. ECM 

is composed of a variety of polysaccharides, water, elastin, and glycoproteins, wherein the 

glycoproteins comprise collagen, entactin (nidogen), fibronectin, and laminin. ECM is secreted 

by connective tissue cells. Different types of ECM are known, comprising different compositions 

including different types of glycoproteins and/or different combination of glycoproteins. Said 

ECM can be provided by culturing ECM-producing cells, such as for example fibroblast cells, in 

a receptacle, prior to the removal of these cells and the addition of isolated liver fragments or 
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isolated biliary duct or isolated epithelial stem 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, III, and V), chondroitin sulfate proteoglycan, 

hyaluronic acid, fibronectin, and tenascin-C. Alternatively, said ECM is commercially provided. 

Examples of commercially available extracellular matrices are extracellular matrix proteins 

(Invitrogen) and basement membrane preparations from Engelbreth-Holm-Swarm (EHS) mouse 

sarcoma cells (e.g. MatrigelTM (BD Biosciences)). A synthetic extracellular matrix material, such 

as ProNectin (Sigma Z378666) may be used. Mixtures of extracellular matrix materials may be 

used, if desired. The use of an ECM for culturing stem cells enhanced long-term survival of the 

stem cells and the continued presence of undifferentiated stem cells. In the absence of an ECM, 

stem cell cultures could not be cultured for longer periods and no continued presence of 

undifferentiated stem cells was observed. In addition, the presence of an ECM allowed culturing 

of three-dimensional tissue organoids, which could not be cultured in the absence of an ECM. 

The extracellular matrix material will normally be coated onto a cell culture vessel, but may (in 

addition or alternatively) be supplied in solution. A fibronectin solution of about 1 mg/ml may be 

used to coat a cell culture vessel, or between about 1 pg/cm2 to about 250 p.g/cm2, or at about 1 

pg/cm2 to about 150 p.g/cm2. In some embodiments, a cell culture vessel is coated with 

fibronectin at between 8 pg/cm2 and 125 pg/cm2. One ECM for use in the methods described 

herein comprises at least two distinct glycoproteins, such as two different types of collagen or a 

collagen and laminin. The ECM can be a synthetic hydrogel extracellular matrix or a naturally 

occurring ECM. Another ECM is provided by MatrigelTM (BD Biosciences), which comprises 

laminin, entactin, and collagen IV. 

[0236] 	The suspension culture system refers to any culture system, in which the cells are not 

embedded in a solid or semi-solid matrix in the culture and are free floating in the culture 

apparatus without resting on the bottom of the apparatus. 

67 



WO 2017/048193 
	

PCT/SG2016/050448 

Characterization of early hepatic progenitors, late hepatic progenitors and hepatic 

organoids: 

[0237] 	In some embodiments, the early hepatic progenitor is characterized by any one or more 

or at least two, or at least three, or at least four, or at least five, or at least six, or between 1 or 2 

or 3 to 4 or 5 or 6 or 7 or all, or all of the following markers: SOX9 (NCBI: 6662), CK19 (NCBI: 

3880), CK18 (NCBI: 3875), HNF4a (NCBI: 3172), PROX1 (NCBI: 5629), ONECUT1 (NCBI: 

3175), AFP (NCBI: 174), TBX3 (NCBI:6926). 

[0238] 	In some embodiments, the late hepatic progenitor is characterized by any one or more 

or at least two, or at least three, or at least four, or at least five, or at least six, or between 1 or 2 

or 3 to 4 or 5 or 6 or 7 or all, or all of the following markers: CK19 (NCBI: 3880), CK18 (NCBI: 

3875), HNF4a (NCBI: 3172), PROX1 (NCBI: 5629), ONECUT1 (NCBI: 3175), AFP (NCBI: 

174), TBX3 (NCBI:6926), ALB (NCBI: 213). 

[0239] 	In some embodiments, the hepatic (liver) organoids comprise more than one liver 

specific cell type selected from the group consisting of hepatocytes, cholangiocytes, liver 

specific endothelial cells (LSEC), stellate cells, hepatic myofibroblast and hepatoblasts. 

[0240] 	In some embodiments, the hepatocytes are characterized by their expression of albumin 

(ALB) and not cholangiocytes marker, such as Cytokeratin 7 (CK7). In some embodiments, the 

hepatocytes express any one or more, or at least two, three, four, five, six, seven, eight, nine, ten 

or all of the following hepatocyte markers: HNF4a (NCBI: 3172), FAH (NCBI: 2184), TAT 

(NCBI: 6898), GCK (NCBI: 2645), TTR (NCBI: 7276), MET (NCBI: 4233), GLU1/MGAM 

(NCBI: 8972), FAHD2A (NCBI: 51011), HNF1B (NCBI: 6928), HNF1 A (NCBI: 6927), 

CYP3A4 (NCBI: 1576), CYP2C9 (NCBI: 1559), CYP2C19 (NCBI: 1557), CYP1A2 (NCBI: 

1544), CYP2E1 (NCBI: 1571), CYP2D6 (NCBI: 1565), CYP3A7 (NCBI: 1551), CYP1A1 

(NCBI: 1543), CYP3A5 (NCBI: 1577), CYP27A1 (NCBI: 1593) and CYP2B6 (NCBI: 1555). 

[0241] 	In some embodiments, the cholangiocytes are characterized by their expression of CK7 

but not albumin (ALB) and optionally by their expression of other cholangiocytes markers, such 

as CK19 (NCBI: 3880), HNF1B (NCBI: 6928) and SOX9 (NCBI: 6662). 
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[0242] 	In some embodiments, the hepatoblasts are characterized by expression of any one or 

more markers selected from the group consisting of SOX9 (NCBI: 6662), CK19 (NCBI: 3880), 

CK18 (NCBI: 3875), HNF4a (NCBI: 3172), PROX1 (NCBI: 5629), ONECUT1 (NCBI: 3175), 

AFP (NCBI: 174), and ALB (NCBI: 213). 

[0243] 	In some embodiments, the liver specific endothelial cells (LSEC) are characterized by 

expression of any one or more markers selected from the group consisting of CD45, CD80, 

CD86, CD11c, VAP1, STAB1 and CD31 that is mainly expressed in the cytoplasm and not on 

the cell surface. 

[0244] 	In some embodiments, the stellate cells are characterized by expression of any one or 

more markers selected from the group consisting of GFAP, VIM, LHX2, LRAT, PDGFRb, 

HAND2, ICAM-1, VCAM-1, and N-CAM 

[0245] 	In some embodiments, the hepatic myofibroblast are characterized by expression of any 

one or more markers selected from the group consisting of COL1A1 and a-SMA. 

[0246] 	The hepatic (liver) organoids described herein are capable of performing liver functions 

and exhibit a structural composition observed in liver. 

[0247] 	In some embodiments, the liver functions are selected from the group consisting of 

albumin secretion, cytochrome enzymatic activities, glycogen storage, low density lipo-protein 

uptake, bile acid production and drug metabolism. 

[0248] 	The structural composition observed in liver that is found in the hepatic (liver) organoid 

described herein is characterized by the non-random distribution of the different liver cell types 

of which the liver is composed. 

Liver organoids 

[0249] 	Liver organoids can be generated from the MESP via a step wise induction method 

where the stem cells first commit to early hepatic progenitors expressing AFP but not ALB 

(Figure 17 and 18). The cells are subsequently induced to form late hepatic progenitors 

expressing both AFP and ALB (Figure 18). As hepatic progenitor, the cells give rise to multiple 
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liver cell types as the spheroid is induced to form the organoid containing terminally 

differentiated hepatocytes that only express ALB but not CK7 and cholangiocytes that only 

expresses CK7 and not ALB (Figure 20). The cholangiocytes form a bile duct-like cyst structures 

that locates in the periphery of the organoids, surrounding a dense cluster of hepatocytes (Figure 

19 and 20). This arrangement of the cholangiocyte cyst structures around the core of hepatocytes 

closely resembles the arrangement of the hepatocytes and the bile ducts in the liver tissue, 

supporting that the organoid consist of multiple cell types that are spatially arranged in structures 

similar to that found in the liver organ (Figure 21). The gene expression analysis also shows that 

the organoids expresses hepatocytes markers such as ALB, CEBP, FOXA2, HNF1B, HNF4A, 

HNF6, KRT18, KRT8 and NOTCH, and also cholangiocyte markers such as CFTR, KRT7, 

KRT19 and SOX9 (Figure 22). The specific expression of the markers by individual cell type is 

validated by the specific staining of markers such as ALB in the hepatocytes (Figure 21), and 

CK7 and CFTR in the cholangiocytes (Figure 21 and 25). 

[0250] 	The liver organoids generated from MESP also expresses many of the functional 

metabolic enzymes found in the liver (Figure 23). This includes the major cytochrome P450 

enzymes and the uridine diphosphate glucuronosyltransferase enzymes. The organoids also 

expresses major bile secretion transporter such as NTCP and OATP1B3. Expression of these 

enzymes and transporter strongly suggest that the liver organoids perform major functions of the 

liver. Indeed, the liver organoids was shown to perform many liver specific functions such 

glucose metabolism demonstrated by the glycogen storage capacity of the hepatocytes in the 

organoids (Figure 27A) and also the lipid metabolism, as shown by the lipid uptake in the 

hepatocyte (Figure 27B). The organoids were also shown to be able to secrete albumin (Figure 

28). Alpha-1 Antitrypsin (AlAT) is important enzyme produced and secreted by the liver. A lAT 

deficiency in humans results in lung disorders such as COPD. The liver organoids is also capable 

of producing this important enzyme (Figure 26). CYP450 enzymatic activity is important for the 

detoxification role of the liver. The liver organoids exhibited much stronger CYP3A4, CYP2D6, 

CYP2B6 and CYP1A2 activity compared to HepG2 cell lines (Figure 29). These major CYPs 

account for close to 70% of drugs metabolized by the liver (Zanger and Schwab, 2013). 
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[0251] 	The liver tissue structures form by multiple cell types observed in the liver organoid 

would allow us to model liver organ function which is not possible using pure 2D and 3D 

hepatocyte cultures. Herein, the liver organ is shown to exhibit liver specific organ-level 

functions such as the bile secretion and transport to the bile duct. Bile secretion is an important 

unique function of the liver (Boyer et al, 2013). The hepatocytes secrete bile which contains 

many important components such as bile salts, cholesterol and metabolized exogenous drugs, 

xenobiotics and toxins. Bile plays important physiological functions such as the removal of the 

harmful lipophilic substances, digestion and absorption of fats in the small intestine, elimination 

of cholesterols and regulation of many hormones and pheromones which aids in the development 

of the intestine. Bile secretion and transport in the liver cannot be modeled with 2D and 3D and 

hepatocytes as there are no functional network of bile canaliculi that connects to the bile duct. In 

contrast, the liver organoid described herein contains an extensive network of bile canaliculi in 

the core of hepatocytes which connects to the bile duct-like cyst (Figure 30- 36). The live 

imaging with CDFDA treatment and staining of bile canaliculi marker DPP IV shows that the 

hepatocytes forms reticulating bile canaliculi which extends from the center of the organoid to 

the periphery. The bile canaliculi is also functional as the hepatocyte secreted molecules (CDF) 

is shown to be transported from the bile canaliculi into bile duct-like cyst structure formed by the 

cholangiocytes (Figure 36). Thus, the liver organoid described herein exhibits organ level 

functions which could only be achieved by functional interaction of multiple cell types to form 

tissue structures. Such organ level functions differentiates the liver organoids described herein 

from 1) Liver epithelial organoids which largely contain stem cells (Huch et al, 2015) and 2) 

Liver bud formed by the aggregation of multiple cell types which is non-functional in vitro and 

only matures to form liver tissue when transplanted into animals (Takaebe et al, 2013). The Liver 

organoid generated in this application now allow us to investigate organ level functions in a dish 

which would be more reflective of human specific liver diseases. 

[0252] 	The successful generation of liver organoids from MESP enables the modeling of 

genetic diseases of the liver. The LDLR-/-  MESP can be differentiated to form liver organoids. 

These liver organoids produces an elevated level of cholesterol which reflects the pathological 

conditions of Familial hypercholesterolemia (Figure 37). Familial hypercholesterolemia is a 
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genetic disease where patients have mutations in the low-density lipoprotein receptor (LDLR) 

gene, resulting in the deficiency of the LDLR protein in the liver. This deficiency results in 

higher level of cholesterol secreted by the liver and into the bloodstream. The elevated blood 

cholesterol levels eventually results in early onset of cardiovascular disease and patients usually 

undergo statin regime to lower blood cholesterol levels. Remarkably, similar dosage dependent 

treatment of the LDLR-/-  liver organoids with statin results in the decrease in cholesterol 

secretion levels similar to that organoids expressing LDLR (Figure 37). These results show that 

the genetically modified MESP and its derived liver organoids recapitulate pathophysiological 

conditions of the genetic diseases and responses to known drug treatments. Thus, this system 

(Figure 14) is a powerful tool that enables the potential modeling of liver, pancreas and intestine 

diseases. 

[0253] 	While organoids that mimic different human organs have been generated, a key hurdle 

is to produce homogenous organoids in a high throughput manner to allow large scale drug 

screening (Spence et al 2011, Lancaster et al 2013, Takasato et al 2016). The complex culture 

conditions and reliance on the self-organizing capacity of stem cells for organoid generation 

make it hard to generate a dish of organoids of similar size, structure and function. This is a 

challenging hurdle to overcome, towards the use of organoids in industrial applications. As 

described herein, the organoids are optimized for generation in a high throughput manner where 

each single 96 well contains a single organoid of similar size and structure (Figure 38). In 

addition to the morphology, the organoids generated using this high throughput manner exhibits 

similar metabolic activity for cytochrome enzymes CYP3A4 and CYPB6. This generation of 

near homogenous liver organoids in a high throughput manner makes it suitable for the current 

methods to be employed in large scale lab or industrial settings. 

Derivation of hepatic organoids from MESP 

[0254] 	Exemplary methods for producing hepatic organoids from MESP are described in the 

Examples and illustrated schematically in Figure 17. 
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Adult liver organoids 

[0255] 	The successful step wise generation of the liver organoids from the posterior foregut-

like MESP suggests that this methodology can also be used to generate liver organoids from 

stem cells of the endoderm lineage that is developmentally in line with liver organ development. 

This would include early hepatic progenitor stem cells arising from the MESP or stem cells 

existing in the adult liver stem cells. Using stem cells derived from human adult liver (as 

described in PCT/SG2016/050270) the organoid generation methodology described herein can 

similarly be employed to generate liver organoids from the adult liver stem cells (ALSC) 

(Figures 41-44). The organoids that develop from ALSC are referred to herein as Adult Liver 

Organoids. In comparison to the MESP, the ALSC are developmentally committed to form 

tissues of the liver lineage. Thus, in some embodiments, initial treatment with H1 media for 

hepatic lineage specification is not required. In some embodiments, liver organoids can be 

generated by culturing ALSC in media H2 and H3 (Figure 40). The adult liver stem cells treated 

with H2 media differentiate into late hepatic progenitors that expresses ALB and CK19 (Figure 

41). The late progenitor subsequently differentiates in the H3 media to form liver organoids 

(Figures 42 and 43). The cholangiocytes are localized to the periphery of the organoids and the 

hepatocytes form the core of the organoids. The cholangiocytes organized itself into the ductal-

like structure with a lumen in the center (Figure 43). Similar to the MESP derived organoids, the 

ALSC derived organoids expresses markers of both hepatocytes and cholangiocytes, as well as 

liver enriched and specific metabolic enzymes and transporters (Figure 44) Importantly, the 

adult liver organoid also exhibit liver specific metabolic activities (Figure 45). CYP2C9 enzyme 

is highly active only in adult hepatocytes. The high level of CYP2C9 activity exhibited by the 

adult liver organoid underlines that the adult organoid shows metabolic activities similar to the 

adult liver. In addition to the liver functions, the adult liver organoids also possess similar bile 

canaliculi structures as MESP derived organoids (Figure 46). 

[0256] 	Both MESP and ALSC generated similar organoids consisting of a hepatocyte core 

with cholangiocyte forming ductal-like structures in the periphery of organoids. Structural 

differences can be observed in the ductal structure formed by the cholangiocytes in both 

organoids. The cholangiocytes of the MESP derived organoid forms a spherical cyst structure 
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whereas the cholangiocytes of the ALSC derived organoids arrange into a ring with a lumen in 

the center. Such differences can be expected as the stem cells are of different developmental 

potential. MESP derived from embryonic stem cells are fetal in nature and similarly the liver 

organoids derived MESP reflects fetal liver tissue. On the other hand, the liver organoids derived 

from ALSC reflect the adult liver tissue. In light of the differences in the developmental stages of 

both organoids, the overall structure and cell organization of the organoids are similar; 

Hepatocytes are found in the core of the organoids and cholangiocytes are in the periphery of the 

organoids. More remarkably, the multi-step methodology described herein can be differentially 

employed according to the initial endoderm stem cell state to generate liver organoids. As such, 

it is obvious that any early endoderm progenitors such as definitive endoderm or foregut can be 

first differentiated to MESP and generating organoids subsequently using methods described 

herein. Similarly, protocol can be employed by someone skilled in the art on stem cells or 

progenitors that arise during the development of posterior foregut to the adult liver. 

Derivation of hepatic organoids from adult liver stem cells 

[0257] 	The Hepatic organoid culture system described herein comprises a plurality of soluble 

agents in two different hepatic culture media and suspension culture system. The suspension 

culture system provides conditions for formation of late hepatic progenitors and subsequently 

organoids. In some embodiments, the plurality of soluble agents comprises one or more growth 

factors, an enhancer of the (canonical) WNT pathway, a TGF-0 inducer and an inhibitor of 

Notch signaling. 

[0258] 	Characterization of adult late hepatic progenitors and adult hepatic organoids 

[0259] 	In some embodiments, the late hepatic progenitor is characterized by any one or more 

or at least two, or at least three, or at least four, or at least five, or at least six, or 1 or 2 or 3 or 4 

or 5 or 6 or all, or all of the following markers: CK19 (NCBI: 3880), CK18 (NCBI: 3875), 

HNF4a (NCBI: 3172), ALB (NCBI: 213), HNF1B (NCBI: 6928) and SOX9 (NCBI). 

[0260] 	In some embodiments, the hepatic (liver) organoids comprise more than one liver 

specific cell type selected from the group consisting of hepatocytes, cholangiocytes, liver 

specific endothelial cells (LSEC), stellate cells, hepatic myofibroblast and hepatoblasts. 
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[0261] 	In some embodiments, the hepatocytes are characterized by 

a. their expression of albumin (ALB) and not cholangiocyte markers, such as 

Cytokeratin 7 (CK7); and 

b. expression of any one or at least two, three, four, five, six, seven, eight, nine, ten 

or more or all of the following hepatocyte markers: HNF4a (NCBI: 3172), FAH 

(NCBI: 2184), TAT (NCBI: 6898), GCK (NCBI: 2645), TTR (NCBI: 7276), 

MET (NCBI: 4233), GLU1/MGAM (NCBI: 8972), FAHD2A (NCBI: 51011), 

HNF1B (NCBI: 6928), HNF1A (NCBI: 6927), CYP3A4 (NCBI: 1576), CYP2C9 

(NCBI: 1559), CYP2C19 (NCBI: 1557), CYP1A2 (NCBI: 1544), CYP2E1 

(NCBI: 	1571), CYP2D6 (NCBI: 	1565), CYP3A7 (NCBI: 	1551), CYP1A1 

(NCBI: 1543), CYP3A5 (NCBI: 1577), CYP27A1 (NCBI: 1593) and CYP2B6 

(NCBI: 1555). 

[0262] 	In some embodiments, the cholangiocytes are characterized by their expression of CK7 

but not albumin (ALB) and optionally by their expression of other cholangiocytes markers, such 

as CK19 (NCBI: 3880), HNF1B (NCBI: 6928) and SOX9 (NCBI: 6662). 

[0263] 	In some embodiments, the liver specific endothelial cells (LSEC) are characterized by 

expression of any one or more markers selected from the group consisting of CD45, CD80, 

CD86, CD1 lc, VAP1, STAB1 and CD31, wherein the CD31 is predominantly expressed in the 

cytoplasm and not on the cell surface. 

[0264] 	In some embodiments, the stellate cells are characterized by expression of any one or 

more markers selected from the group consisting of GFAP, VIM, LHX2, LRAT, PDGFRb, 

HAND2, ICAM-1, VCAM-1, and N-CAM 

[0265] 	In some embodiments, the hepatic myofibroblast are characterized by expression of any 

one or more markers selected from the group consisting of COL1A1 and a-SMA. 

[0266] 	In some embodiments, the hepatoblasts are characterized by expression of any one or 

more markers selected from the group consisting of SOX9 (NCBI: 6662), CK19 (NCBI: 3880), 

CK18 (NCBI: 3875), HNF4a (NCBI: 3172), HNF1B (NCBI: 6928) and ALB (NCBI: 213). 
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[0267] 	The hepatic (liver) organoids derived from ALSC are capable of performing liver 

functions and exhibit a structural composition observed in liver. 

[0268] 	The liver functions are selected from the group consisting of albumin secretion, 

cytochrome enzymatic activities, glycogen storage, low density lipo-protein uptake, bile acid 

production and drug metabolism. 

[0269] 	The structural composition observed in liver that is found in the hepatic (liver) organoid 

is characterized by the non-random distribution of the different liver cell types of which the liver 

is composed. 

[0270] 	An exemplary method for generating hepatic organoids from adult liver stem cells is 

described in the Examples and illustrated schematically in Figure 41. 

3. 	Intestinal organoid and pancreatic spheroid from MESP 

[0271] 	Provided herein are methods to generate intestinal organoids and pancreatic spheroids 

from MESP. MESP expresses markers PDX1, HNF4A and CDX2 which are important 

developmental regulators of the organs generated by the posterior foregut lineage, namely the 

liver, intestine and pancreas. MESP generated intestinal organoids resembles intestinal-like 

coiled structures with a lumen. The cells in the organoid express key intestinal markers such as 

CDX2 and Villin and the asymmetrical distribution of Villin suggest the cells are highly 

matured. The gut-like structures are envelope in a layer of mesenchymal tissues. This resembles 

the small intestine in vivo which is envelope by muscle tissues important for peristalsis. 

[0272] 	Described herein is the first derivation of pancreatic spheroids from PSC via the use of 

MESP. The pancreatic spheroid expresses markers of pancreatic progenitors such as PDX1 and 

NKX6.1. The pancreatic spheroid progenitors described herein have the potential to give rise to 

all cells type of the pancreatic organs. Pancreatic spheroids have been generated from adult 

pancreas (see US 8,642,339 B2). However, these adult pancreatic spheroid consist of epithelial 

progenitorsand do not express PDX1 and NKX6.1, which are expressed by almost all pancreatic 

cell types. The pancreatic spheroids described herein have the potential to further generated 

pancreatic organoids containing multiple pancreatic cell types. 
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Derivation of pancreatic spheroid progenitors from MESP 

[0273] 	The pancreatic spheroid culture system described herein comprises a plurality of 

soluble agents in three different pancreatic culture media, a cellular support and suspension 

culture system. The cellular support provides culture conditions suitable for differentiation of 

MESP to early pancreatic progenitors and the suspension culture systemprovides culture 

conditions suitable for formation of late pancreatic progenitors. In some embodiments, the 

plurality of soluble agents comprises one or more growth factors, an enhancer of the (canonical) 

WNT pathway, a TGF-(3 inducer and an inhibitor of Notch signaling. 

Media P1, P2 and P3 

Media P1 

[0274] 	In some embodiments, a medium for early pancreatic endoderm progenitor formation is 

provided, wherein the medium comprises: 

a) an activator of AKT/PI3K signaling pathway and MAPK signaling pathway; 

b) a TGF-(3 inhibitor and/or SMAD2/3 inhibitor; 

c) a WNT-signaling activator; and 

d) a FGF and MAPK pathway activator. 

e) a molecule which is an repressor of NFKB activity and activator of mitogen-activated 

protein (MAP) kinase ERK, p38 and JNK 

[0275] 	In some embodiments, the activator of AKT/PI3K signaling pathway and MAPK 

signaling pathway; TGF-0 inhibitor and/or SMAD2/3 inhibitor; WNT-signaling activator and 

GSK3 inhibitor; FGF and MAPK pathway activator; and the molecule which is an repressor of 

NFKB activity and activator of mitogen-activated protein (MAP) kinase ERK, p38 and JNK, are 

as described and are used at the concentrations described herein above. 

[0276] 	In some embodiments, the medium further comprises a molecule which is an activator 

of the FGF and MAPK pathway. In some embodiments, the activator of the FGF and MAPK 
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pathway is used at a concentration of between about 2 ng/ml to 5µg/ml, or between about 5 

ng/ml to 5µg/ml, or between about 10 ng/ml to 4µg/ml, or between about 15 ng/ml to 3µg/ml, 

or between about 20 ng/ml to 2µg/ml, or about 5, 18, 20, 25, 28, 30, 50, 60, 70 ng/ml, or about 

1, 2.5, 3.5 or 4.5 lag/ml. In some embodiments, the activator of the FGF and MAPK pathway is 

selected from the group consisting of FGF7, FGF1, FGF3, FGF10, and FGF22. In some 

embodiments, the FGF selected from the group consisting of FGF7, FGF1, FGF3, FGF10, and 

FGF22 is used at a concentration of between about 2 ng/ml to 5µg/ml, or between about 5 ng/ml 

to 5µg/ml, or between about 10 ng/ml to 4µg/ml, or between about 15 ng/ml to 3µg/ml, or 

between about 20 ng/ml to 2µg/ml, or about 5, 18, 20, 25, 28, 30, 50, 60, 70 ng/ml, or about 1, 

2.5, 3.5 or 4.5 lag/ml. 

[0277] 	In some embodiments, media P1 comprises one, two, three, four or all of the following 

additional components that promote survivability and proliferation of pancreatic endoderm : 

(i) A steroid as described above; 

(ii) an activator of cAMP-dependent pathways, such as an activator of Protein Kinase A 

signaling pathway, as described above; 

(iii) an activator of the Notch receptor as decribed above; and/or 

(iv) an inhibitor of histone deacetylase (HDAC) as decribed above. 

The additional components of media P1 can be used at the concentrations previously described 

herein. 

Media P2 

[0278] 	In some embodiments, the medium for late pancreatic endoderm progenitor formation 

comprises: 

• a metabolite of retinol; 

• a (selective) ALK2, ALK3 and ALK6 inhibitor; 
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• a FGF and MAPK pathway activator; 

• a protein kinase C activator; and/or 

• a Smoothened (Smo) and Sonic hedgehog (Shh) inhibitor. 

[0279] 	In some embodiments, the metabolite of retinol is selected from the group consisting of 

retinoic acid, 9-cis-retinoic acid, isotretinoin, acitretin, bexarotene and alitretinoin. In some 

embodiments, the metabolite of retinol is used at a concentration of between about 0.2 µM to 5 

µM, or between about 0.4 to 4 µM, or between about 0.6 to 3 µM, or between about 0.8 to 2 µM, 

or between about 1 to 1.5 µM, or about 0.3, 0.5, 0.7, 0.9, 1, 2, 2.5, 3.5, 4.5 µM. 

[0280] 	In some embodiments, the Smoothened (Smo) and Sonic hedgehog (Shh) inhibitor is 

selected from the group consisting of N-[2-[(3'R,7'aR)-3',6',10,11b-tetramethy1-3-

oxospiro[1,2,4,6,6a,6b,7,8, 11,11a-decahydrobenzo[a]fluorene-9,21 -3,3a,5,6,7,7a-

hexahydrofuro[3,2-b]pyridine]-41 -yl]ethy1]-6-(3-phenylpropanoylamino)hexanamide (KAAD-

cyclopamine), (E)-N-(4-benzylpiperazin-l-y1)-1-(3,5-dimethyl-l-phenylpyrazol-4-

yl)methanimine (SANT-1), and (3S,3'R,3'aS,6'S,6aS,6bS,7'aR,9R,11aS,1 1 bR)-3',6',10,1 lb-

tetramethylspiro[2,3,4,6,6a,6b,7,8,11,11a-decahydro-1H-benzo[a]fluorene-9,21 -3a,4,5,6,7,7a-

hexahydro-3H-furo[3,2-b]pyridine]-3-ol (cyclopamine). In some embodiments, the inhibitor of 

Smoothened (Smo) and Sonic hedgehog (Shh) is used at a concentration of between about 25 nM 

to 5 µM, or between about 200 nM to 4 µM, or between about 400 nM to 3 µM, or between 

about 600 nM to 2 µM, or between about 800 nM to 1 µM, or about 100, 250, 350, 450, 500, 

700, 800 nM or about 1.5, 2, 2.5, 3.5 and 4.5 µM. 

[0281] 	In some embodiments, The medium comprises a molecule which is an activator of the 

FGF and MAPK pathway as described above and used at concentrations described herein. 

[0282] 	In some embodiments, the protein kinase C activator is selected from the group 

consisting of a phorbol ester, (1S,3S,5Z,7R,8E,11S,12S,13E,15S,17R,20R,23R,25S)-25- 

Acetoxy-1,11,20-trihydroxy-17-[(1R)-1-hydroxyethy1]-5,13-bis(2-methoxy-2-oxoethylidene)- 

10,10,26,26-tetramethy1-19-oxo-18,27,28,29-tetraoxatetracyclo[21.3.1.13'7.111'15]nonacos-8-en- 

12-y1 (2E,4E)-2,4-octadienoate (Bryostatin I), (laR,lbS,4aR,7aS,7bS,8R,9R,9aS)-9a-(acetyloxy)- 
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4a,7b-dihydroxy-3-(hydroxymethyl)-1,1,6,8-tetramethy1-5-oxo-1a,lb,4,4a,5,7a,7b,8,9,9a-

decahydro-H-cyclopropa[3,4]benzo[1,2-e]azulen-9-y1 myristate (TPA), and 5-chloro-N-

heptylnaphthalene-1-sulfonamide (SC-10), (2Z)-2-Methyl-2-butenoic acid 

(1aR,2S,5R,5aS,6S,8aS,9R,10aR)-1a,2,5,5a,6,9,10,10a-octahydro-5,5a-dihydroxy-4-

(hydroxymethyl)-1,1,7,9-tetramethyl-11-oxo-1H-2,8a-

methanocyclopenta[a]cyclopropa[e]cyclodecen-6-y1 ester (PEP 005). In some embodiments, the 

protein kinase C activator is used at a concentration of between about 100 nM to 10 µM, or 

between about 200 nM to about 8 µM, or between about 400 nM to about 6 µM, or between 

about 400 nM to 4 µM, or between about 400 nM to 2 µM, or between about 450 nM to about 1 

µM; or about 350, 475, 500, 550, 600, 800, or 900 nM, or about 7, 5, 3, 2.5, 1.5 or 1 µM. 

[0283] 	In some embodiments, the (selective) ALK2, ALK3 and ALK6 inhibitor is selected 

from the group consisting of Noggin (NCBI 9241), 644-(2-piperidin-l-ylethoxy)pheny1]-3-

pyridin-4-ylpyrazolo[1,5-a]pyrimidine (Dorsomorphin), and 4-[6-(4-piperazin-l-

ylphenyl)pyrazolo[1,5-a]pyrimidin-3-yl]quinolone (LDN193189). In some embodiments, the 

(selective) ALK2, ALK3 and ALK6 inhibitor (e.g., Noggin) is used at a concentration of 

between about 2 ng/ml to 5 µg/ml, or between about 5 ng/ml to 5 µg/ml, or between about 10 

ng/ml to 4 µg/ml, or between about 15 ng/ml to 3 µg/ml, or between about 20 ng/ml to 2 µg/ml, 

or about 5, 18, 20, 25, 28, 30, 50, 60, 70 ng/ml, or about 1, 2.5, 3.5 or 4.5 µg/ml. 

[0284] 	In some embodiments the medium further comprises an inhibitor of y-secretase. In 

some embodiments, the inhibitor of y-secretase is selected from the group consisting of is 

selected from the group consisting of DAPT: tert-butyl (25)-2-U(25)-24[243,5-

difluorophenyl)acetyl]amino]propanoyl]amino]-2-phenylacetate, Compound E (C-E) (25)-2-[[2- 

(3,5 -difluorophenyl)acetyl] amino] -N-[(3S)-1-methy1-2-oxo-5-pheny1-3H-1,4-benzodiazepin-3- 

yl]propanamide, Dibenzazepine (DBZ): (2S)-2-[[2-(3,5-difluorophenyl)acetyl]amino]-N-[(75)-5- 

methyl-6-oxo-7H-benzo[d][1]benzazepin-7-yl]propanamide, Begacestat: 5-chloro-N-[(25)-4,4,4-

trifluoro-l-hydroxy-3-(trifluoromethyl)butan-2-yl]thiophene-2-sulfonamide, and Flurizan: (2R)- 

2-(3-fluoro-4-phenylphenyl)propanoic acid. In some embodiments, the inhibitor of y-secretase 

(e.g., DAPT) is used at a concentration of between about 0.1 µM to 20 µM, or between about 0.5 
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µM to 15 µM, or between about 0.8 µM to 10 µM, or between about 1 µM to 5 µM, or between 

about 0.9 µM to 2.5 µM, or about 0.7, 0.8, 0.9, 1, 1.5, 2, 7, 8, 12, 17 or 19 µM. 

[0285] 	In some embodiments, the medium further comprises an activator of AKT/PI3K 

signaling pathway and MAPK signaling pathway, or a molecule which is an repressor of NFKB 

activity and activator of mitogen-activated protein (MAP) kinase ERK, p38 and JNK, or a 

compound selected from the group consisting of nicotinamide, nicotinic acid, 5-

fluoronicotinamide, isonicotinic acid hydrazide, and nikethamide, as described herein and used at 

the concentrations described herein. 

Media P3 

[0286] 	In some embodiments, the medium for deriving and maintaining a pancreatic spheroid 

comprises: 

• a metabolite of retinol; 

• an inhibitor of ACTR-IB, TGF f3 RI and ACTR-IC; 

• a (selective) ALK2, ALK3 and ALK6 inhibitor; 

• a FGF and MAPK pathway activator; 

• a y-secretase inhibitor; 

• a Smoothened (Smo) and Sonic hedgehog (Shh) inhibitor; 

• AMPK signaling activator; and 

• a glycosaminoglycan. 

In some embodiments, the inhibitor of ACTR-IB, TGF 0 RI and ACTR-IC is an ALK 5 

inhibitor (e.g., ALK 5 inhibitor II). In some embodiments, the inhibitor of ACTR-IB, TGF 0 

RI, ACTR-IC and/or ALK 5 is used at a concentration of between about 0.1 µM to 100 µM, 

or between about 1 µM to 50 µM, or between about 4 µM to 25 µM, or between about 6 µM 

to 15 µM, or between about 8 µM to 10 µM, or about 2, 3, 5, 7, 9, 9.5, 10.5, 11, 12, 12.5, 35, 

60, 75 or 80 µM. 

In some embodiments, the metabolite of retinol, the (selective) ALK2, ALK3 and ALK6 

inhibitor, the FGF and MAPK pathway activator, the y-secretase inhibitor, the Smoothened 
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(Smo) and Sonic hedgehog (Shh) inhibitor, and the glycosaminoglycan are as described 

herein and used at the concentrations described herein. 

[0287] 	In some embodiments, the AMPK signaling activator is selected from the group 

consisting of thyroid hormone 3 (T3), 5-amino-l-R2R,35,5R)-3,4-dihydroxy-5- 

(hydroxymethyl)oxolan-2-yl]imidazole-4-carboxamide (AICAR), and 3-(diaminomethylidene)- 

1,1-dimethylguanidine (Metformin) 	In some embodiments, the AMPK signaling activator (e.g., 

T3) is used at a concentration of between about 10 nM to 1 M, or between about 200 nM to 0.8 

M, or between about 400 nM to 0.6 M, or between about 600 nM to 0.4 M, or between about 800 

nM to 0.2 M, or between about 1 µM to 2 µM, or about 500, 700, 900, 950 nM, or about 1, 1.1, 

1.5, 2, 5, 7, 8, 150, 500, 700 or 800 µM. 

[0288] 	In some embodiments, the P3 medium further comprises a molecule which is an 

repressor of NficBactivity and activator of mitogen-activated protein (MAP) kinase ERK, p38 

and JNK; or a compound selected from the group consisting of nicotinamide, nicotinic acid, 5-

fluoronicotinamide, isonicotinic acid hydrazide, and nikethamide, as described herein and used at 

a concentration described herein. 

Characterization of early pancreatic progenitors, late pancreatic progenitors and 

pancreatic spheroids 

[0289] 	In some embodiments, the early pancreatic endoderm progenitor is characterized by 

expression of one or more markers selected from: SOX9 (NCBI: 6662), PDX1 (NCBI: 3651), 

NKX6.1 (NCBI: 4825), and CK19 (3880). 

[0290] 	In some embodiments, the late pancreatic endoderm progenitor is characterized by 

expression of one or more markers selected from: PDX1 (NCBI: 3651), NKX6.1 (NCBI: 4825), 

NEUROG3 (NCBI: 50674), NKX2.2 (NCBI: 4821), NEUROD1 (NCBI: 4760), and PAX6 

(NCBI: 5080). 
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[0291] 	In some embodiments, the pancreatic endoderm progenitor cell is characterized by 

expression one or more markers selected from: 

a) one or two or all endocrine marker(s)which are the following: GCG 	(NCBI 2641), 

INS (NCBI 3630), SST (NCBI 6750); and/or 

b) one or two or three or four or all of the following markers: PDX1 (NCBI 3651), 

NKX6.1 (NCBI 4825), NKX2.2 (NCBI 4821), NEUROD1 (NCBI 4760), MAFA (NCBI 

389692); and/or 

c) one or two or three or all acinar marker(s) selected from the group consisting of PRSS1 

(NCBI 5644), CPA1 (NCBI 1357), AMY1 (NCBI 276), CTRC (NCBI 11330); and/or 

d) at least one duct marker, such as Keratin 19 (NCBI 3880). 

[0292] 	In some embodiments, the cell secretes one or more of the following hormones or 

enzymes: INS(NCBI 3630), GCG (NCBI 2641), SST (NCBI 6750) or PRSS1 (NCBI 5644). 

Pancreatic Spheroids 

[0293] 	MESP expresses PDX1 which is a key marker of the pancreatic lineage. This highlights 

the potential of MESP to generate tissues of the pancreatic lineage. Described herein is a 3 step 

protocol to derived pancreatic spheroids from MESP. The pancreatic spheroid not only expresses 

PDX1 but also another important pancreatic progenitor marker NKX6.1 (Rezania., et al 2013; 

Burlison., et al 2008; Nostro et al., 2015) (Figure 48). These PDX1 and NKX6.1 expressing 

progenitors has the capacity to generate both exocrine and endocrine cells of the pancreas 

including the insulin producing Beta-islet cells. Spheroids are the progenitors which 

subsequently differentiates to give rise to organoids (Mustata., et al 2013; Dye., et al 2015). 

Thus, these pancreatic spheroids should have the potential to generate pancreatic organoids. 

[0294] 	In contrast, pancreatic epithelial organoids (PCT/NL2010/000017) derived from the 

adult pancreas expresses different stem cell markers such as EPCAM and SOX9 (Table 6) and. 

Different culture conditions are also used to culture the MESP derived pancreatic spheroid 

compared to the adult pancreatic epithelial organoids (Table 7). 
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Derivation of Pancreatic progenitors and spheroids from MESP 

[0295] 	Exemplary methods for producing pancreatic progenitors and spheroids from MESP are 

described in the Examples and illustrated schematically in Figure 47. 

EXAMPLES 

Materials and methods 

Gene expression analysis with Quantitative PCR (qPCR) 

[0296] 	Total RNA from the cells was isolated using the TRIzol reagent (thermos scientific) 

according to manufacturer's protocol. Briefly, lml of trizol was used for not more than 1.5 

million cells. Trizol was added to the cells directly after media was removed. The samples were 

incubated for 15-30 min to completely lyse the cells. 200µ1 of the 100% chloroform was added 

and samples were vigorously mixed and left to stand for 5min at room temperature. The samples 

were centrifuge for 15 min at 13,000 RPM in 4°C and top aqueous layer was retrieve into a new 

1.5m1 appendorf tube. Equal volume of 100% Isopropanol was added to the aqueous solution to 

precipitate the Total DNA and RNA. The samples were left to stand for 10mins and centrifuge 

for 10 min at 13,000 RPM in 4°C. The total DNA and RNA pelleted are washed once with 70% 

ethanol and centrifuge for 5 min at 5,000 RPM at room temperature. The total DNA and RNA is 

reconstituted with DEPC water. DNA contaminations is removed via DNASE I treatment 

(Thermo Scientific). The total RNA is clean up using RNA purification kit (PureLink, 

Invitrogen) according to the manufacturer's protocol. 50Ong of total RNA was input for the 

reverse transcription process using the SuperScript II reverse transcriptase reagents (Invitrogen) 

according to the manufacturer's protocol. The cDNA was quantitated using the SYBR FAST 

qPCR Master Mix (KAPA) reagents and read with the Real-Time PCR System (Applied 

Biosystem). 
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Cell staining using immunofluorescence 

[0297] 	For immunofluorescence of 3D suspension cultures, the organoids were washed three 

times with PBS before fixing with 4% PFA for 30mins at room temperature. The samples were 

permeabilized with 0.5% Triton X-100 and blocked with 0.5% Triton X-100 + 5% BSA 

respectively for lhr. The samples are incubated with the primary antibody diluted in 0.1% 

Tween-20 containing 5% BSA overnight at 4°C. After 16-24hr, the samples were washed three 

times with 0.1% Tween-20 for 15mins during each wash. The organoids are incubated with 

secondary antibody diluted in 0.1% Tween-20 containing 5% BSA for 3hrs at room temperature 

and subsequently washed three times with 0.1% Tween-20. Hoechst 33342 was added during the 

last wash. For immunofluorescence of 3D matrigel cultures, the Matrigel containing the cells 

was mechanically dissociated, transferred to an eppendorff tube and kept on ice. A combination 

of dispase and low temperature was used to liquefy the Matrigel. After 15mins, the samples were 

centrifuged at 1,000 r.p.m for 5mins and the supernatant was aspirated. The pellet was washed 

once with cold PBS to remove remaining Matrigel contaminants. The samples were subsequently 

fixed and stained as described above. All immunofluorescence images of 3D samples were 

acquired using a confocal microscopy (Olympus FV1000 inverted). ImageJ 1.48k software 

(Wayne Rasband, NIHR, USA, http://imagej.nih.gov/ij)  was used for image processing. Changes 

in brightness or contrast during processing were applied equally across the entire image. 

EXAMPLE 1 

Derivation of MESP from human embryonic stem cells (hESC) 

[0298] 	HI human embryonic stem cells were purchased from Wicell. The H1 hESC was used 

to generate MESP. H1 hESC were culture in 6 well dishes (Falcon) using mTeSR1 media 

(STEMCELL Technologies). 2mls of media was provided for each 6 well and media was 

refreshed daily. hESC were routinely passage every 5-7 days upon confluency. Briefly, 6 well 

dish was thinly coated with 30X diluted matrigel (200µ1 per well) and incubator for lhr before 

use. To passage the cells, the media is aspirated and cells were washed once with 1.5 to 2m1 of 

1X PBS (Gibco). After aspirating the 1X PBS, 0.5-1m1 of 1X Dispase (Gibco) was added to each 

well of the hESC and cells were incubated for 5-7mins at 37°C. The dispase was removed and 
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cells were washed once with 2m1 of 1X PBS and 1 ml of mTeSR1 media was added to the well. 

The cells were lifted from the plate with a cell scraper and the hESC colonies were dissociated 

into cell clumps of 50-100 cells and seeded at a ratio of 1:12 into well pre-coated with matrigel. 

[0299] 	To seed hESC for generating MESP (Figure 1), cells were instead dissociated with 

TryPLE (Gibco). 500µ1 of TryPLE was added to each well and cells were incubated for 1 min at 

37°C. The cells were dissociated to single cells and seeded in similar matrigel pre-coated dishes 

at 80-90% confluency. To differentiate hESC to Definitive endoderm cells, the hESCs were 

culture in RPMI (Gibco) containing lx B27 (Gibco), lx penicillin/streptomycin (Gibco), 

10Ong/m1 Activin-A (R&D), 2Ong/m1BMP4 (R&D) and lOng/ml bFGF (R&D) for 2 days before 

being cultured in RPMI + B27 media containing 10Ong/m1 Activin-A for 4 days. To differentiate 

DE to primitive GUT cells, cells were culture with RPMI (Gibco) containing lx B27 (Gibco), lx 

penicillin/streptomycin (Gibco), 2Ong/m1BMP4 (R&D) and lOng/ml bFGF (R&D) for 2 days. 

All cells were incubated at 37°C with 5% CO2. 

[0300] 	The differentiation process can be monitored with ciPCR of marker genes expression. 

During differentiation, levels of the pluripotent stem cell markers OCT4 and NANOG would 

start to decrease in the DE and GUT (Figure 2), indicating the exit of pluripotency. Commitment 

to the endoderm lineage is supported by the upregulation of the Definitive endoderm (DE) 

markers SOX17, CER1, HHEX1, CXCR4 and FOXA2 (Loh., et al 2014). During the 

differentiation of DE to GUT, some of these early endoderm markers SOX17, CER1, HHEX1 

and CXCR4 begin to decrease whereas GUT markers HNF4A, FOXA2 and HNF1B are up-

regulated (Figure 2). 

[0301] 	To differentiate GUT into MESP (Figure 1), the cells were seeded on Matrigel (BD 

Biosciences) containing B27 supplement (Invitrogen). MESP were cultured in Advanced 

Dulbecco's modified Eagle's medium (DMEM)/F12 (Gibco) containing N2 supplement (Gibco), 

B27 supplement (Gibco), penicillin/streptomycin (Gibco), A83-01 (Stemgent), Dexamethasone 

(Stemgent), ChIR99021 (Tocris), Valproic Acid (VPA) (Stemgent), human HGF (R&D), human 

EGF (R&D), Jagged-1 (Anaspec), N6,2'-O-Dibutyryladenosine 3',5'-cyclic monophosphate 

sodium salt (dbCAMP) (Sigma-Aldrich), Nicotinamide (Sigma-Aldrich). Cells were seeded at a 
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density of 8,000-10,000 cells/cm2 and media was changed every 2 days. Spheroids would appear 

from single cells seeded after 14-16 days (Figure 3). 

EXAMPLE 2 

Long term stable culture of MESP 

[0302] 	The MESP were seeded on Matrigel (BD Biosciences) containing B27 supplement 

(Invitrogen). MESP were cultured in Advanced Dulbecco's modified Eagle's medium 

(DMEM)/F12 (Gibco) containing N2 supplement (Gibco), B27 supplement (Gibco), 

penicillin/streptomycin (Gibco), A83-01 (Stemgent), Dexamethasone (Stemgent), ChIR99021 

(Tocris), Valproic Acid (VPA) (Stemgent), human HGF (R&D), human EGF (R&D), Jagged-1 

(Anaspec), N6,2'-O-Dibutyryladenosine 3',5'-cyclic monophosphate sodium salt (dbCAMP) 

(Sigma-Aldrich), Nicotinamide (Sigma-Aldrich). MESP were passaged every 14-16 days using 

Dispase and TryLE. Matrigel was mechanically dissociated, transferred to an eppendorff tube 

and kept on ice to allow a combination of dispase and low temperature to liquefy the Matrigel. 

After 5mins, the samples were centrifuged at 1,000 r.p.m for 5mins and the supernatant was 

aspirated. Spheroids were then incubated in TryLE at 37°C for 5mins before being dissociated 

into single cells. Cells were centrifuged at 1,000 r.p.m for 5mins Cells were washed once with 

MESP media and then resuspended in MESP media. Cells were seeded at a density of 12,000 

cells/cm2. Media was changed every 2 days. 

[0303] 	To identify the developmental identity of the MESP along the endoderm lineage, 

markers targeting different regions of the GUT tube were selected and detected via gene 

expression analysis with qPCR (Figure 4). MESP do not express key marker genes found in the 

anterior foregut, midgut and hindgut but marker genes found in the posterior foregut such as 

PDX1, CDX2 and HNF4A. These makers are also present at the protein level from the cell 

staining results using antibodies specific to the protein of each marker (Figure 5). MESP also 

expresses stem cell markers CK19 and SOX9 (Figure 5 and 10) commonly expressed in different 
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fetal and adult progenitor and stem cells. This stem cell characteristic of MESP is reflected in the 

stable proliferation capacity of the cells (Figure 7A). 

[0304] 	This proliferation capacity of MESP is valuable for the large scale production of cells 

which is required for regenerative therapy, and in proteomics and genomics studies. To scale up 

the production of MESP, the cells are seeded in larger vessels of 24 well and 12 well dishes. 

MESP were seeded at similar density of 12,000 cells/cm2 and the volume of matrigel used was 

increase proportionally to the volume of the culture chamber. The media was similarly refreshed 

every 2 days. By increasing the size of the chamber, the number of MESP retrieved also 

proportionally increased (Figure 6). Over a million cells can be generated from a small surface 

area of 3.7cm2, demonstrating the scalability of the system to produce large number of MESP for 

various downstream applications. 

[0305] 	To further characterize the unique stem cell state of MESP, the transcriptome is 

profiled using whole genome microarrays. Briefly, the total RNA from MESP, hESCs, DE and 

GUT cells were extracted using Trizol reagent, DNASE treated and purified using Purelink RNA 

kit, using similar approach for gene expression analysis with qPCR. For the microarray, 500ng 

DNase-treated total RNA was amplified into biotin labeled cRNA with Illumina Total Prep RNA 

Amplification Kit (Ambion) according to manufacturer's protocol. Subsequently, 750ng of 

cRNA was hybridized, washed and labelled with Cy3-streptavidin onto the array (Illumina 

HumanHT-12 v4 BeadChips) according to manufacturer's Protocol. Reading of the hybridized 

chips was done using Illumina HiScan Platform. The data was processed using Genome Studio 

(Illumina) Samples were subjected to Quantile Normalization. The normalized data was 

exported into GeneSpring format and to Microsoft Excel for subsequent analysis. Briefly, data 

was filtered to remove probes which do not have any signal. Generation of the Principal 

component analysis plots, statistical analysis to generate genes was done with GeneSpring 

(GeneSpring). Generation of heatmaps and clustering was done using Gene-E (Broard Institute). 

The cluster analysis shows that the transcriptome of MESP is highly different from hESCs, DE 

and GUT cells. MESP expresses a unique expression signature as a stem cell state. Many of the 

early endoderm specific markers such as SOX2, CER1, GATA4, SOX17, CXCR4, FOXA2 and 

CD34 are not expressed in MESP (Figure 9). MESP expresses a list of unique genes expressed in 
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late endoderm progenitors and stem cells isolated from fetal or adult liver, pancreas and small 

intestine (Figure 10). Expression of these markers supports the MESP is a late endoderm stem 

cells that is distinct from other early endoderm stem cells reported (Cheng., et al 2012; Hannan., 

et al 2013). 

EXAMPLE 3 

Derivation of MESP from induced pluripotent stem cells (iPSCs) 

[0306] 	Pluripotent stem cells encompass both embryonic stem cells and induced pluripotent 

stem cells. iPSCs is generated by the nobel winning method by Takahashi and Yamanaka 

(Takahashi and Yamanaka, 2006) where terminally differentiated somatic cells are converted 

back into a pluripotent cells state. The iPSC technology has vast application potentials and one of 

the key breakthroughs includes the modeling of genetic diseases. The disease patient somatic 

cells such as blood or skin fibroblast can be reverted back to a pluripotent cell state. This disease 

patient pluripotent stem cell can be used to generate the cell type of interest which harbors the 

disease phenotype. Thus, this technology potentially allows the modeling of any genetic disease 

in a dish. It is thus important to show that iPSC can similarly be used to generate MESP for 

modeling diseases. 

[0307] 	iPSCs are generated and characterized as previously described (Chia., et al, nature 

2010). Briefly, human MRCS fibroblast (ATCC) culture in DMEM (Gibco) supplement with 

15% fetal bovine serum (Hyclone) were infected with retroviruses harboring the overexpression 

cassettes for genes OCT4, SOX2, KLF4, CMYC and PRDM14. After 3-5 days infection, the 

fibroblast was plated on the Mitomycin C inactivated CF-1 feeders. After 24-48hrs post 

infection, the cells were culture in DMEM/F12 containing 20% Knockout serum replacement 

(Gibco), 1 mM L-glutamine, 1% non-essential amino acids, 0.1 mM 2-mercaptoethanol and 

supplemented with 4-8 ng/ml basic fibroblast growth factor (Invitrogen). The media was 

refreshed every 2 days. Human iPSC colonies will appear and ready to manually picked 3 weeks 

post seeding. The pluripotent cell state of the iPSC clones picked was validated by gene 

expression of pluripotent stem cell markers and ability to form teratomas in the SCID mice 

(Chia., et al, nature 2010). 
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[0308] 	iPSCs were differentiated to MESP using the same protocol described above for 

derivation from hESC. The MESP derived from iPSC is morphologically similar to those derived 

from hESC and expresses similar key MESP markers HNF4A, CDX2, PDX1, CK19 and SOX9 

(Figure 13). Hence, the technology described herein can be applied to both hESC and iPSCs. 

This supports that MESP coupled with iPSC technology would be useful for modeling diseases 

in a dish. 

EXAMPLE 4 

Generation of LDLR knockout MESP from genome edited hESCs 

[0309] 	A dual expression vector (PX330-2AmCherry) encoding for SpCas9 linked to a 

mCherry reporter cassette via a T2A peptide, and a single guided RNA (sgRNA), was utilized 

for the generation of LDLR knockout hESC lines. sgRNAs were designed to target the first 

protein coding exons for both genes respectively, with additional nucleotide sequences appended 

to the 5' and 3' ends of the oligos intended for BbsI cloning. All sgRNA cloned PX330 vectors 

were validated via Sanger Sequencing using the following U6 promoter primer sequence (5' - 

GAGGGCCTATTTCCCATGAT-3'; SEQ ID NO:94), amplify using Stb13 cells and purified 

using FavorPrepTM Plasmid DNA Extraction Mini Kit (FAVORGEN Biotech Corp). 

Nucleofection of hESC was performed using the P3 Primary Cell 4D-Nucleofector® X Kit L 

(Lonza, #V4XP-3012) following manufacturer's protocol. Briefly, hESCs were grown to 80% 

confluency in a well of a 6 well dish and harvested as single cells with TrypLETM (ThermoFisher 

Scientific). A tube containing a total of 1 X 106  single cell hESCs was resuspended into 50µ1 of 

the P30 nucleofector solution and mixed with another 50µ1 of the P30 nucleofector solution 

containing Slug of plasmid. The final hESC and DNA mixture was transferred into a 

NucleocuvetteTM and nucleofected with a 4D-NucleofectorTM System using the CM-113 

experimental parameter setting. Following nucleofection, hESCs was transferred to a matrigel 

coated well of a 6 well plate and recovered in mTESR containing 0.504 Rock Inhibitor 

Thiazovivin (STEMGENT). After 48h, mCherry positive hESCs were sorted using FACS and 

cells were plated as single cells in a 10 cm dish and cultured in mTESR containing Rock 

Inhibitor for 5-7 days. Upon confluency, single colonies were then picked and expanded 
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individually in mTESR. Each clonal line was later split at a ratio of 1:2, with half of each 

expanded clonal line retained for maintenance and another half lysed in QuickExtract solution 

for genomic DNA extraction. gDNA of each clonal line was subsequently used as a PCR 

template together with specific PCR primers designed to amplify sgRNA targeted regions of 

approximately 200bp in size. To identify clones with potential frameshift mutations, PCR 

products from clones and WT hESC were analysed via gel electrophoresis (3% Agarose; 150V 

for 5h) and distinct shifts in band size (arrows) were observed in clones with successful gene 

targeting (Figure 15A). Targeting efficacy with hESC for LDLR locus was 16.7% (Figure 15A). 

Selected products were purified and sequenced for further analysis of insertion or deletion 

mutations at the gene loci targeted. Figure 15B shows an example of a sequencing result where 2 

copies of the LDLR gene has a 3 lbp deletion (highlighted). This deletion would result in a 

frameshift mutation in the LDLR transcript which affects its proper translation. A non-functional 

truncated LDLR would result in a loss of function mutation. This LDLR KO hESC can be used 

to generate LDLR KO MESP. 

[0310] 	The LDLR KO hESCs is subjected to similar MESP differentiation protocol (Figure 1) 

as the wildtype hESC described above. LDLR KO MESP expresses all the key markers of 

HNF4A, CDX2, PDX1, CK19 and SOX9. Results show that MESP system can be used to 

generate genetic disease models for downstream studies. 

EXAMPLE 5 

Generation of intestinal organoids from MESP 

[0311] 	MESP gene expression profile suggests that this stem cell closely resembles the 

posterior foregut which has the developmental potential to generate the liver pancreas and 

intestine. We tested if MESP is able to generated intestinal organoids adopting and modifying 

differentiation strategies reported by others generating the organoids from hESC (Spence., et al 

2011). MESP were cultured in in a media comprised of Advanced Dulbecco's modified Eagle's 

medium (DMEM)/F12 (Gibco) containing N2 supplement (Gibco), B27 supplement (Gibco), lx 

penicillin/streptomycin (Gibco), A83-01 (Stemgent), SB202190 (Tocris), human EGF (R&D), 

Nicotinamide (Sigma-Aldrich), Noggin (R&D), Wnt3A (R&D), R-spondin 1 (R&D), N-acetyl 
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cysteine (Sigma) and FGF4 (R&D) for 8 days to induce specification towards the intestinal 

lineage. After which, spheroids were removed from matri-gel using Dispase and dissociated into 

single cells using TryLE. Briefly Matrigel was mechanically dissociated, transferred to an 

eppendorff tube and kept on ice to allow a combination of dispase and low temperature to liquefy 

the Matrigel. After 5mins, the samples were centrifuged at 1,000 r.p.m for 5mins and the 

supernatant was aspirated. Spheroids were then incubated in TryLE at 37°C for 5mins before 

being dissociated into single cells. Cells were centrifuged at 1,000 r.p.m for 5mins. Cells were 

washed once with I2 media which comprises of Advanced Dulbecco's modified Eagle's medium 

(DMEM)/F12 (Gibco) containing N2 supplement (Gibco), B27 supplement (Gibco), lx 

penicillin/streptomycin (Gibco), A83-01 (Stemgent), SB202190 (Tocris), human EGF (R&D), 

Nicotinamide (Sigma-Aldrich), Noggin (R&D), Wnt3A (R&D), R-spondin 1 (R&D), N-acetyl 

cysteine (Sigma) and FGF4 (R&D) Cells were subsequently seeded at a density of 5,000 

cells/per well (96 well) and cultured in I2 as suspension culture for 30 days in a 96 well ultra-low 

attachment plate to derive intestinal organoids. 

[0312] 	After 3 weeks of differentiation, coiled-coil structures resembling the small intestine 

can be observed in dish (Figure 11). The intestinal-like structures are embedded in a mesh of 

fibroblast like tissue which resembles mesenchyme tissues. These organoids forms similar 

structure that are morphological similar to the previously reported intestinal organoids (Spence., 

et al 2011). Indeed, these MESP generated intestinal organoids that expressed key intestinal 

markers Villin and CDX2. The cells self-organized and envelope a lumen similar to that of the 

small intestine. The cells are polarized as evident from the asymmetrical distribution of Villin. 

The results reflect the developmental potential of MESP to form liver, pancreas and intestinal 

tissue. 

EXAMPLE 6 

Generation of liver organoids from MESPs 

[0313] 	The posterior foregut forms the liver organ in the human body. Thus, MESP spheroid 

has the potential to generate liver organoids. Herein we developed a stepwise induction protocol 

to the generate human liver organoids from MESPs (Figure 17). Briefly, MESP were cultured in 
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Advanced Dulbecco's modified Eagle's medium (DMEM)/F12 (Gibco) containing N2 

supplement (Gibco), B27 supplement (Gibco), lx penicillin/streptomycin (Gibco), A83-01 

(Stemgent), ChIR99021 (Tocris), human HGF (R&D), human EGF (R&D), Jagged-1 (Anaspec), 

N6,21-0-Dibutyryladenosine 3',5'-cyclic monophosphate sodium salt (dbCAMP) (Sigma- 

Aldrich), Nicotinamide (Sigma-Aldrich), BMP4, BMP7 (R&D) and FGF7/KGF (R&D) for 8 

days to first induce specification towards the hepatic lineage. At this stage, the MESP starts to 

express Alpha-fetal protein (AFP) (Figure 18, top panel) which is not expressed in MESP 

(Figure 5, 13 and 15). This marks the commitment of the spheroids into the hepatic lineage as 

early hepatic progenitor. 

[0314] 	The early hepatic progenitors were subsequently removed from matri-gel using Dispase 

and dissociated into single cells using TryLE. Briefly, Matrigel was mechanically dissociated, 

transferred to an eppendorff tube and kept on ice to allow a combination of dispase and low 

temperature to liquefy the Matrigel. After 5mins, the samples were centrifuged at 1,000 r.p.m 

for 5mins and the supernatant was aspirated. The early hepatic progenitors were then incubated 

in TryLE at 37°C for 5mins before being dissociated into single cells. Cells were centrifuged at 

1,000 r.p.m for 5mins. Cells were washed once with H2 media and then resuspended in H2 

media. Cells were seeded at a density of 5,000 cells/per well (96 well) and cultured in Advanced 

Dulbecco's modified Eagle's medium (DMEM)/F12 (Gibco) containing N2 supplement (Gibco), 

B27 supplement (Gibco), lx penicillin/streptomycin (Gibco), A83-01 (Stemgent), ChIR99021 

(Tocris), human HGF (R&D), human EGF (R&D)„ N6,2'-O-Dibutyryladenosine 3',5'-cyclic 

monophosphate sodium salt (dbCAMP) (Sigma-Aldrich), (Sigma-Aldrich), BMP7 (R&D) and 

FGF7/KGF (R&D) as suspension culture for 15 days in a 96 well ultra-low attachment plate to 

derive late hepatic progenitors (Figure 17). In addition to AFP, the late hepatic progenitors start 

to express Albumin (ALB) which is a definitive marker for liver cells. 

[0315] 	To derived hepatic organoids, hepatic progenitors were cultured in CloneticsTM HCMTM 

Hepatocyte Culture Medium (Lonza) containing A83-01, Dexamethasone, Compound-E (EMD 

Millipore), HGF, BMP7, FGF19, Oncostatin-M (R&D) for at least 3 weeks (Figure 17). During 

differentiation, the spheroids become more and more compact in size and the center of the 

spheroid becomes dense and more opaque. After 3 weeks of differentiation, the organoid will 
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consist of a dense core of cells and cyst structures begin to form at the periphery. After 

formation, the organoids is stable in culture for more than 2 weeks. 

EXAMPLE 7 

Multiple cell types exist in liver organoids 

[0316] 	The liver is largely consisting of hepatocyte which is the major metabolic cell type of 

the organ. Other than the hepatocytes, the other liver parenchyma cell type is the cholangiocytes. 

The cholangiocytes form the bile ducts in the liver that export the bile secretions from the 

hepatocytes out of the liver and into the small intestine. To investigate if the liver organoids 

contain both parenchyma cell type of the liver, the organoids are co-stained with antibodies 

specific for ALB (specifically expressed in hepatocytes) and cytokeratin 7 (CK7) (specifically 

expressed in cholangiocytes). From the staining results (Figure 20), CK7 positive cells are only 

found in the cyst structures and not in the core of liver organoids and ALB positive cells are only 

found in the core of the organoids and not in the cyst. Results show that both cholangiocytes and 

hepatocytes are present in the organoids derived from MESP. The existence of both parenchyme 

cell types in the liver organoid is also validated by the gene expression analysis of markers genes 

expressed in both hepatocytes and cholangiocytes. The liver organoids expresses many of the 

hepatocyte enriched markers such as ALB, CEBP, FOXA2, HNF1B, HNF4A, HNF6, KRT18, 

KRT8 and NOTCH2 compared to the MESP. Cholangiocyte enriched markers such as CFTR, 

KRT7, KRT19 and SOX9 are also much highly expressed in the liver organoids compared to 

MESP (Figure 22). Staining with CFTR specific antibodies also shows that the cyst structures 

are made up of the cholangiocytes (Figure 25). 

[0317] 	Not only are both parenchyma liver cells found in the liver organoids, the cells are 

arranged in a specific manner that mimics the in vivo liver tissue (Figure 21). In the liver lobule 

(basic unit that makes the entire liver) the hepatocytes are compacted circularly around the 

central vein. The cholangiocytes forms the bile ducts that are located in the periphery of the 

lobule (Figure 21A). Similarly in the MESP derived liver organoids, the hepatocytes are densely 

packed in the core and the cholangiocytes forms cyst structures that mimic the bile ducts (Figure 
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21B). The results supports that the liver organoids contains both the major parenchyma cell type 

of the liver organ and the cells are organized similarly to the cells found in the liver tissues. 

EXAMPLE 8 

Liver organoids exhibit multiple liver specific functions 

[0318] 	To determine if the liver organoids are functional, the expression of various metabolic 

enzymes and transported were detect by qPCR. The liver organoids expresses most of the 

cytochrome P450 enzymes (CYPs) including CYP3A4, CYP3A7, CYP1A1, CYP2D6, CYP2B6, 

CYP2C19 and CYP2E1 compared to MESP. In addition, the liver organoids also expresses 

major UDP-glucuronosyltransferase enzymes UGT1A1, UGT2B15 and UGT2B7 compared to 

MESP. These enzymes are important for the different phase of detoxification functions of the 

liver. The CYPs essentially metabolized almost 75% of the drugs in the human body. In the first 

phase of detoxification in the liver, these enzymes introduce reactive subgroups to the substrates 

to increase water solubility of the molecules for removal. In the second phase, the UDP-

glucuronosyltransferase enzymes conjugate these reactive metabolites from the CYP enzymes 

with charge groups such as glucuronic acid to increase the mass of this substrate and reducing its 

reactivity. In the last phase of detoxification, bile transporter such as NTCP and OATP1B3 

expressed in the organoids actively transport the detoxified products out of the hepatocytes into 

the bile canaliculi and towards the bile duct for removal. Cell staining with another important 

liver transport MRP2 shows that liver organoids expresses the essential transport essential for 

liver detoxification functions. The expression analysis suggests that the organoids expresses most 

detoxification enzymes require for all phases of detoxification processes in the liver. 

[0319] 	To further validate the enzymatic activity of the CYPs expressed in the organoids, the 

P450-G1oTM CYP450 Assays (Promega) was used to assay for the activity of various CYPs. 

Specific assay kits for the each CYP enzyme were used according to manufacturer's protocol. 

Independent organoids were used for each assay kits specific for detecting CYP3A4, CYP2D6, 

CYP2B6 and CYP1A2. The total luciferase reading taken from the luminometer is normalized to 

the total cell number in the organoids. The enzymatic assays showed that the organoids have 
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highly active CYPs enzymatic activity compared HepG2 cell lines commonly employed in the 

industry for liver studies. 

[0320] 	The organoids are also assay for specific liver functions such as albumin secretion. The 

media from individual organoids are collected after 24hrs. The amount of albumin in the media 

was detected using ELISA with a human albumin specific antibody and a spectrophotometer. 

The exact amount of albumin was determined using a standard control consisting of different 

concentration of recombinant albumin The readings from the recombinant albumin of various 

concentrations generate a standard curve. The standard curve is used to extrapolate the amount of 

albumin in the media based on its readings in the ELISA. The results shows that liver organoids 

secretes 30-60ng/ml/day of albumin compared to media control. 

[0321] 	Another major function of the liver is the storage of excess glucose as glycogen in the 

hepatocytes. Glycogen serves as an important form of energy storage and dysregulation of this 

process in the liver lead to diseases such as diabetes. The liver organoids were stained with 

Periodic acid—Schiff (PAS) which detects polysaccharides such as glycogen. The PAS staining 

shows that the hepatocytes (stained purpled, arrows) in the organoids are capable of the storing 

glycogen (Figure 27A). The hepatocytes in the liver not only regulates glucose homeostasis, the 

cells also actively uptakes lipid to modulate lipid homeostasis in the human body. To assay for 

the lipid uptake functions of the liver organoids, the organoids are treated with fluorescent 

tagged Low density lipoprotein. These LDL can be image and visualized in the organs. The 

results show that the hepatocytes in the liver organoids are capable of taking up LDL (Figure 

27B). 

EXAMPLE 9 

Liver organoids contain functional bile canaliculi network 

[0322] 	In the liver lobule, the hepatocytes and cholangiocytes are connected by a channel 

known as the bile canaliculi (Figure 30). This canal functions to transport bile secretions from 

the hepatocytes containing important bile salts for fat digestion and absorption, cholesterol and 

metabolized exogenous lipophilic substances from removal. This channel is the important 

functional connection canal between the hepatocytes and cholangiocytes. Hepatocytes actively 
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pump solutes into the bile canaliculi which are subsequently transported to the bile ducts form by 

the cholangiocytes (arrows direction of hepatocyte secretion and transport to bile canaliculi) 

(Figure 30). The hepatocytes of the liver organoids express the key bile canaliculi marker DPP 

IV which marks the surface of the hepatocytes in contact with the bile canaliculi (Figure 35). To 

image the bile canaliculi, the organoids are treated with the molecule 5-(and-6)-carboxy-2',7'-

dichlorofluorescein diacetate (CDFDA) (Figure 31). CDFDA is a large inert molecule that can be 

passively uptake by the hepatocytes and other cells (Zamek-Gliszczynski et al., 2003). The 

CDFDA is converted in the hepatocytes to 5-(and-6)-carboxy-2',7'-dichlorofluorescein (CDF) by 

esterases present in the hepatocytes but not the cholangiocytes. Compared to CDFDA, CDF is a 

fluorophore which can be detected by imaging techniques. The CDF generated in the hepatocytes 

are actively pumped out by the hepatocytes through MRP2 transporter into the bile canaliculi. 

The bile canaliculi subsequently transport the CDF to the bile ducts form by the cholangiocytes. 

[0323] 	To detect the functional bile canaliculi network in the liver organoids, live organoids 

were treated with CDFDA. Briefly, media was removed and the organoids were first washed 

three times with PBS containing calcium and magnesium. Next, the organoids were incubated 

with 5µg/m1 CDFDA (Molecular Probes) and 1iag/m1 Hoechst 33342 for stipulated time at 37°C. 

Organoids were subsequently washed three times and imaging was performed on a confocal 

microscopy (Olympus FV1000 inverted). ImageJ 1.48k software (Wayne Rasband, NIHR, USA, 

http://imagej.nih.gov/ij)  was used for image processing. Changes in brightness or contrast during 

processing were applied equally across the entire image. 

[0324] 	Within 30 minutes of treatment with CDFDA, the hepatocytes in the organoids 

accumulated CDF (Figure 32B) compared to the control undifferentiated MESP (Figure 32A). 

Results show that the hepatocytes actively generate CDF from the CDFDA in the media. After 

prolong treatment of the organoids for up to 3hrs, the level of CDF is reduced in the hepatocytes 

and can be clearly seen in the outline of the cells (Figure 33). The CDF is transported out of the 

hepatocytes and located in the network of bile canaliculi formed in the organoids. A 3D 

reconstructed image of the confocal sections from the liver imaging of the organoids shows that 

the bile canaliculi network are highly connected and forms an intricate web of channels between 

the hepatocytes. To further show that the secretions from the hepatocytes are functionally 
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transported to the cholangiocytes, organoids with large bile duct-like cyst structures were treated 

with CDFDA (Figure 36). Similarly after 30 mins of the CDFDA treatment, the hepatocytes 

starts to accumulate CDF in the cytoplasm and CDF is not detected in the cholangiocytes (arrow) 

forming the cyst structures (Figure 36A). After lhr of CDFDA treatment, again the network of 

bile canaliculi can be observed in the core of the hepatocytes (Figure 36B). Remarkably, the cyst 

structures (arrows) are also filled up with CDF (Figure 36B). This CDF is likely to be generated 

and secreted from the hepatocytes and transport through the bile canaliculi to the cyst as the 

cholangiocytes do not generated CDF. A close up view of the organoids shows that the CDF 

filled network of bile canaliculi indeed connects to the cyst structures (Figure 36C). The CDFDA 

treatment and imaging assay shows that the hepatocytes and cholangiocytes in the organoids 

indeed form the important bile canaliculi network that connects the 2 cell types. This important 

functional structure of the liver organoids will be invaluable for the study of bile secretion 

processes in vitro. Such studies have only been conducted in mouse and rat livers as no bile 

canaliculi structures have been reported in vitro. This drastically slows down efforts to identify 

factors that disrupt this important process. Disruption of the bile secretion process results in 

cholestasis which accounts for many cases of drug induced liver injury (DILI) (Kaplowitz, 

2004). DILI accounts for almost half of the cases of liver failure. Drugs inducing cholestasis 

have been difficult to assay due to the lack of in vitro models to allow real time monitoring of the 

event, which is highly challenging in animal models. Hence, the liver organoids described herein 

would be highly valuable for assaying drugs potentially induces cholestasis. 

EXAMPLE 10 

Modeling disease with liver organoids 

[0325] 	The successful generation of the genetically modified MESP (example 4) highlighted 

the potential of modeling diseases of organs that can be generated from MESP. Herein, the 

LDLR KO MESP was used to generate liver organoids using similar approach with the wild type 

MESP (example 6). In patient deficient of the LDLR, the liver secretes high levels of the 

cholesterols in the human body, resulting in hypercholesterolemia. The elevated in levels of 

cholesterol in the blood stream results in cardiovascular diseases and patients undergo statin 
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treatment to control blood cholesterol levels. To investigate if the LDLR deficient liver 

organoids mimics the liver organ of a hypercholesterolemia patient deficient in LDLR, we assay 

for the level of cholesterol secreted by the liver organoids. The media incubated with organoids 

after 24 hours are collected and the amount of cholesterol in the media is determine using the 

Amplex® Red Cholesterol Assay Kit (Thermo fisher scientific) according to the manufacturer's 

protocol. Briefly, media from each organoids is incubated with the reagents provided in the kit 

and incubated for 30mins at 37°C. The fluorescence generated is detected and quantify using a 

fluorescence plate reader. The total amount of cholesterol for 1 ml of the media is tabulated. To 

test the response of the LDLR deficient organoids to statin treatments, the organoids are 

incubated with the different concentrations of Pravastatin (Sigma) added into the media. The 

LDLR deficient liver organoids secreted higher levels of cholesterol compared to the LDLR 

expressing liver organoids (Figure 37) Importantly, the elevated level of cholesterol secreted 

was suppressed by increasing concentrations of statin treatment. The results supports that the 

genetically modified organoids can be used to model liver disease in vitro. 

EXAMPLE 11 

High throughput generation of liver organoids 

[0326] 	To generate organoids in large numbers, the protocol was adapted to generate 

organoids of comparable size and function in a 96 well dish. Briefly, MESP were cultured in 

Advanced Dulbecco's modified Eagle's medium (DMEM)/F12 (Gibco) containing N2 

supplement (Gibco), B27 supplement (Gibco), lx penicillin/streptomycin (Gibco), 500nM A83- 

01 (Stemgent), 204 ChIR99021 (Tocris), 2Ong/ml human HGF (R&D), 5Ong/ml human EGF 

(R&D), luM Jagged-1 (Anaspec), 30Ong/m1N6,2'-0-Dibutyryladenosine 3',5'-cyclic 

monophosphate sodium salt (dbCAMP) (Sigma-Aldrich), 10mM Nicotinamide (Sigma-Aldrich), 

20ng/ml BMP4, 2Ong/ml BMP7 (R&D) and 25ng/ml FGF7/KGF (R&D) for 8 days to induce 

specification towards the hepatic lineage. After which, spheroids were removed from matri-gel, 

dissociated to single cells using TryPLE and seeded in a 96 well plate in Advanced Dulbecco's 

modified Eagle's medium (DMEM)/F12 (Gibco) containing N2 supplement (Gibco), B27 

supplement (Gibco), lx penicillin/streptomycin (Gibco), 2.5mM A83-01 (Stemgent), 2[1.M 
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ChIR99021 (Tocris), 2Ong/ml human HGF (R&D), 5Ong/ml human EGF (R&D), 300ng/m1 

N6,2'-O-Dibutyryladenosine 3',5'-cyclic monophosphate sodium salt (dbCAMP) (Sigma- 

Aldrich), 10mM Nicotinamide (Sigma-Aldrich), 2Ong/ml BMP4, 2Ong/ml BMP7 (R&D) and 

25ng/ml FGF7/KGF (R&D) as suspension culture for 2 weeks. The cells were subsequently 

cultured in CloneticsTM HCMTM Hepatocyte Culture Medium (Lonza) containing 500nM A83- 

01, 3004 Dexamethasone, 500nM Compound-E (EMD Millipore), 25ng/ml HGF, 25ng/ml 

BMP7, 25ng/ml FGF19, 2Ong/ml Oncostatin-M (R&D) for another 3-4 weeks to derive hepatic 

organoids. One organoid was generated for each well of the 96 well format plates (Figure 39). 

The individual organoids are similar in size (400-50004). The individual organoids are assay for 

functional CYP3A4 and CYP2B6 activity using the P450-GloTM CYP450 Assays (Promega) 

described previously (example 8). Remarkably, each organoid exhibits very similar CYP3A4 and 

CYP2B6 activities. Hence, the methods provided herein are highly applicable for large scale 

industrial applications. 

EXAMPLE 12 

Generation of liver organoids from adult liver stem cells 

[0327] 	The step wise generation of liver progenitors during the derivation of liver organoids 

from the MESP (example 6) suggests that the method could be applied to other stem cells of 

hepatic lineage. Correspondingly, the method was successfully adapted for deriving liver 

organoids from liver stem cells (PCT/SG2016/050270) derived from the adult liver tissue (Figure 

40). Briefly, the adult liver stem cells were washed once with PBS and incubated with TryLE. 

After 5mins, TryLE is removed and cells were washed once with PBS. If the adult stem cells 

were grown on feeders, it is important to separate all feeders from adult liver stem cells. Samples 

were centrifuged at 1,000 r.p.m for 5mins and the supernatant was aspirated. The cells were 

washed once with H2 media consisting of Advanced Dulbecco's modified Eagle's medium 

(DMEM)/F12 (Gibco) containing N2 supplement (Gibco), B27 supplement (Gibco), lx 

penicillin/streptomycin (Gibco), A83-01 (Stemgent), ChIR99021 (Tocris), human HGF (R&D), 

human EGF (R&D), N6,2'-O-Dibutyryladenosine 3',5'-cyclic monophosphate sodium salt 

(dbCAMP) (Sigma-Aldrich), BMP7 (R&D) and FGF7/KGF (R&D). The cells were seeded at a 
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density of 20,000 to 40,000 cells/per well and cultured as suspension culture for 2 weeks in a 96 

well ultra-low attachment plate to derive late ALB and CK19 expressing late hepatic progenitors 

(Figure 41). As the adult stem cells are already committed to the hepatic lineage unlike MESP, 

the cells did not have to undergo H1 media treatment. 

[0328] 	The late hepatic progenitors were lastly cultured in CloneticsTM HCMTM Hepatocyte 

Culture Medium (Lonza) containing A83-01, Dexamethasone, Compound-E (EMD Millipore), 

HGF, BMP7, FGF19, Oncostatin-M (R&D) for another 3-4 weeks to derive liver organoids. The 

organoids were co-stained with antibodies specific for ALB and CK7 to check if both 

parenchyma liver cells (hepatocytes and cholangiocytes) are present in the organoids. The 

organoids derived from the adult liver stem cells similarly consist of ALB expressing 

hepatocytes and CK7 expressing cholangiocytes (Figure 42). Similarly, the cholangiocytes are 

found on the periphery of the organoids around the hepatocyte core. The hepatic organoids are 

imaged with lightsheet microscopy (Leica) to unravel the structure organization of the 

cholangiocytes in the periphery. The whole organoid 3D image captured by the lightsheet 

microscope (Figure 43) shows that the cholangiocytes at the surface of the organoids arranges to 

form ductal structures with a central lumen that is distinct from the cyst structures observed in 

the MESP derived organoids. This distinct ductal structure observed in the adult organoids may 

reflect the subtle differences between the developmental stages of the liver organoids; MESP 

from PSC generates liver organoids similar to the fetal liver and the adult liver stem cells 

generate liver organoids similar to the adult human liver. Nonetheless, both adult liver stem cell 

and MESP derived organoids have a similar structural organization as the liver lobule (describe 

in example 6). Gene expression analysis of the adult liver organoids using ciPCR showed that the 

ALSC derived organoids also express hepatocyte and cholangiocyte enriched genes including 

metabolic enzymes and transporters (Figure 44). The adult liver organoids were assayed for 

CYP3A4 and CYP2C9 activity using the P450-G1oTM CYP450 Assays (Promega). The adult 

liver stem cell derived organoids not only exhibited strong CYP3A4 activity, but also has strong 

CYP2C9 enzymatic activity (Figure 45). CYP2C9 is a CYP expressed and highly active in adult 

liver tissue. This activity corresponds with the adult nature of the hepatic organoids generated 

from the adult liver stem cells. Using using live imaging with CDFDA (describe in example 6), 
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the liver organoids are shown to similarly possess bile canaliculi network. The result supports 

that the protocol described herein is applicable to diverse endoderm stem cells or progenitor cells 

that exist during the development of posterior foregut to the liver stem cells. The MESP and liver 

adult stem cells represent distinct developmental stages in the human liver development. 

However, both stem cells can be used to generate similar liver organoids using the method 

describe herein. 

EXAMPLE 13 

Generation of Pancreatic spheroids from MESP 

[0329] 	PDX1 expression in MESP suggests that these spheroid stem cells similar to the 

posterior foregut have the ability to generate pancreatic tissues. Herein, we employed a step-wise 

protocol to differentiate the MESP into pancreatic spheroids (Figure 47). Briefly, MESP were 

cultured in P1 media consisting of Advanced Dulbecco's modified Eagle's medium 

(DMEM)/F12 (Gibco) containing N2 supplement (Gibco), B27 supplement (Gibco), lx 

penicillin/streptomycin (Gibco), A83-01 (Stemgent), ChIR99021 (Tocris), human EGF (R&D), 

Nicotinamide (Sigma-Aldrich), Dexamethasone (Stemgent) and FGF7/KGF (R&D) for a week 

to induce specification towards the pancreatic lineage. The spheroids were subsequently 

retrieved from the matri-gel using Dispase and dissociated into single cells using TryLE. Briefly 

Matrigel was mechanically dissociated, transferred to an eppendorff tube and kept on ice to 

allow a combination of dispase and low temperature to liquefy the Matrigel. After 5mins, the 

samples were centrifuged at 1,000 r.p.m for 5mins and the supernatant was aspirated. Spheroids 

were then incubated in TryLE at 37°C for 5mins before dissociated into single cells. Cells were 

centrifuged at 1,000 r.p.m for 5mins. Cells were washed once with P2 media consisting of 

Advanced Dulbecco's modified Eagle's medium (DMEM)/F12 (Gibco) containing N2 

supplement (Gibco), B27 supplement (Gibco), lx penicillin/streptomycin (Gibco), KAAD-

cyclopamine (Stemgent), DAPT (Stemgent), human Noggin(R&D), human EGF (R&D), 

FGF7/KGF (R&D) and incubated in P2 media. Cells were seeded at a density of 5,000 cells/per 

well in P2 media as suspension culture for 2 weeks in a 96 well ultra-low attachment plate. 

Lastly, the pancreatic progenitors were cultured in P3 media consisting of Advanced Dulbecco's 
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modified Eagle's medium (DMEM)/F12 (Gibco) containing N2 supplement (Gibco), B27 

supplement (Gibco), lx penicillin/streptomycin (Gibco), KAAD-cyclopamine (Stemgent), DAPT 

(Stemgent), human Noggin (R&D), human EGF (R&D), FGF7/KGF (R&D), ALKii (EMD 

Millipore) and T3 (Sigma) for 3-4 weeks to derive pancreatic spheroids (Figure 48). The 

pancreatic spheroids were stained with antibodies specific for PDX1 and NKX6.1 which are 

expressed in almost all pancreatic cell type. All the cells in the pancreatic spheroid stained 

positively for the 2 pancreatic markers, supporting that the spheroids are indeed of pancreatic 

cell fate. The successful generation of pancreatic spheroid supports the multipotent capacity of 

MESP. 
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Table 1: Characteristics of endoderm progenitor cells described herein. 

MESP 
Culture system 3D culture system (cells 

embedded in matrigel) 
Similarity to in vivo Posterior Foregut 
developmental state 
Signaling pathways in 
culture media 

• Inhibition of TGF-B 
• Activation of Wnt 

signalling 
• Activation of Notch 

signalling 

Endoderm Markers • SOX17 (do not 
express) 

• CXCR4 (do not 
express) 

• FOXA2 (do not 
express) 

• SOX2 (do not 
express) 

• PDX1, 
• HNF4A, 
• CDX2, SOX9, 

KRT19, 
In-vitro differentiation 
potential 

• Liver organoids 
• Intestinal organoids 
• Pancreatic Spheriods 
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Table 2. Organoid comparison chart 

Hepatic Organiods 
described herein 

(PCT/IB11/02167) Method for 
producing tissue and 
organ. Taniguchi et 
al W02013047639 

Al, US 2014/0289877 
Al 

Cell types Differentiated cells 
• Hepatocytes 
• Cholangiocytes 

• Epithelial stem cells 
• 

• 

• 
• 

Stem cells 
Hepatic endoderm 
cells (early hepatic 
progenitor cells 
derived from 
iPSCs) 
Human 
Mesenchymal 
stem cells 
Cell lines 
HUVEC 
endothelial cells 

Function • 

• 

• 
• 
• 

Glucose storage: 
PAS staining 
positive 
Lipid uptake (LDL 
uptake) function 
Four Cyps function 
Albumin secretion 
Functional bile 
canaliculi network 
connecting 
hepatocytes and 
cholangiocytes 

• 

• 

No Liver functions 
displayed 
Generate hepatocytes 
or Cholangiocytes 
after differentiation 

• 

• 

No Liver functions 
displayed in vitro 
Only mature into 
functional liver 
tissue when 
transplanted into 
mice. 

Structure • 

• 

• 

Non random 
distribution of cells 
Bile canaliculi 
structure within 
organoids. 
Cholangiocyte form 
cyst structures with 
lumen 

• 

• 

No reported liver 
tissue structure. 
Random distribution 
of cells. 

• No liver tissue 
structure observed 
in the liver bud 
formed by the 
aggregates of the 3 
cell types. 

Table 3. Liver Organoid Culture Media 

Hepatic organoid described herein (3 media) 

Media H1 Media H2 Media H3 
Media • HGF • HGF • A8301 

110 



WO 2017/048193 
	

PCT/SG2016/050448 

• Nicotinami 
de 

• A83-01 
• CHIR9902 

1 
• Dexametha 

sone 
• BMP4 
• BMP7 
• FGF7 

Optional 
• EGF 
• dbcAMP 
• VPA 
• Jaggedl 

• Nicotinamide 
• A83-01 
• Dexamethaso 

ne 
• BMP7 
• FGF19 
Optional 

(survival) 
• EGF 
• dbCAMP 
• Jaggedl 
• VPA 
• CHIR99021 

Optional 
(differentiation) 
• Compound E 
• Verteporfin 

• Compound E 
• Dexamethasone 
• Oncostatin M 

Optional 
(Differentiation) 

• IL6 
• BMP7 
• FGF19 
• dbcAMP 
• Verteporfin 
• Taurocholate 

Optional 
(Survival) 

• EGF 
• Heparin 
• HGF 

Culture Matrigel 
t 

Suspension (no 
matrices) 

Suspension (no 
matrices) 

Table 4. Organoid culture method comparison with 3D printed liver tissues. 

Hepatic Organoid 
described herein 

US 2014/0287960 Al 

Approach • Organ-like tissue 
structures formed by the 
self organizing properties 
of stem cells giving rise to 
different cells types found 
in the organ. 

• Bioprinted Liver tissue constructs 
generated by engineering 
methodology where different cell 
types are deposited with a bioink to 
localize cells to achieve specific 
spatial organization. 

Cell composition • Parenchymal and non 
parenchymal cells derived 
from similar source of 
primary stem cells. 

• 

• 

HepRG and HepG2 immortalized 
hepatocyte cell lines. 
Cell lines for other liver specific cell 
types. 

Functions • Glucose storage: PAS 
staining positive 

• Lipid uptake (LDL uptake) 
function 

• Four different CYP 
function 

• Albumin secretion 
• Functional bile canaliculi 

network transport 
Structure • Self organizing and non- 

directed architecture. 
• 
• 

Directed Architecture 
Architecture predetermined by the 
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Hepatic Organoid 
described herein 

US 2014/0287960 Al 

• Architecture resembling 
liver tissue formed by 
cellular interactions 
between differentiated 
cells generated by the 
stem cells 

• Functional bile canaliculi 
network formed among 
hepatocytes 

• Functional link between 
bile canaliculi network in 
hepatocytes to bile duct 
like structures form by the 
cholangiocytes 

engineering methods. 
• No evidence of bile canaliculi network 

or other structural features formed by 
2 liver cell types. 

Table 5. Liver organoid comparison with primary liver tissues. 

Hepatic organoid described 
herein 

Primary liver tissue 

Hepatocytes • Smaller 
size of the 
the primary 

• Single nucleus 
in chromosome 

• CYP function 
for weeks 

in size (Half 
hepatocytes 

liver) 

numbers 
maintained 

and diploid 

the 
in 

• Larger in Size 
• Double nucleus and Polyploid in 

chromosome numbers 
• Rapid loss of CYP function after 

24hrs in culture. 

in culture. 
Cholangiocytes • Forms large cyst in culture 

• Non-proliferative 
• Forms long branching tubular 

structure 
• Proliferative 

Table 6. Characteristics of Pancreatic Spheroids Described Herein. 

Pancreatic spheroid 
Marker expression PDX1+/NKX6.1+ 

Pancreatic Progenitors 
Source Human pluripotent stem 

cell derived 

Table 7. Pancreatic Spheroid Media. 

Media P1 Media P2 Media P3 
Media • EGF 

• Nicotinamide 
• A83-01 

• Retinoic Acid 
• KAAD- 

cyclopamine 

• Retinoic Acid 
• ALKii 
• KAAD-cyclopamine 
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• CHIR99021 • FGF7 • FGF7 
• Dexamethasone • DAPT • DAPT 
• FGF7 • Noggin • Noggin 
Optional Optional • T3 
• dbcAMP • EGF Optional (Survival) 
• VPA • dbCAMP • Heparin 
• Jaggedl • Nicotinamide • EGF 
• HGF • Verteporfin • Nicotinamide 

Culture Suspension (no 
matrices) 

Suspension (no 
matrices) 

Suspension (no matrices) 

LIST OF ABBREVIATIONS 

[0330] 	PSC: Pluripotent Stem Cells; ESC: embryonic stem cell; MESP: Multipotent 

Endodermal Spheroid Progenitors; ECM; Extracellular Matrix; CYP: Cytochrome p450 e.g. 

CYP3A4: Cytochrome P450, Family 3, Subfamily A, Polypeptide 4 ; LGR5: Leucine-rich 

repeat-containing G-protein coupled receptor 5; KRT: Cyto-keratin e.g KRT19: Cyto-keratin 19; 

AFP: Alpha-Fetoprotein; HNF: Hepatocyte Nuclear Factor e.g. HNF4a: Hepatocyte Nuclear 

Factor 4 Alpha; IF: Immunofluorescence; E-CAD: E-Cadherin; KI67: Antigen KI-67; SOX: 

SRY (Sex Determining Region Y)-Box e.g. SOX9: SRY (Sex Determining Region Y)-Box 9;; 

PROM1: Prominin 1; FOXA: Forkhead Box Protein e.g. FOXA2: Forkhead Box Protein A2; 

ALB: Albumin; PROX1: Prospero Homeobox 1; ciPCR: Quantitative polymerase chain reaction; 

FACS: Fluorescence -activated cell sorting; 2D: 2 dimensional; 3D: 3 dimensional; PAS: 

Periodic acid Schiff; LDL: Low-density lipoprotein; cAMP: cyclic adenosine monophosphate; 

BMP: Bone Morphogenetic Protein; HGF: Hepatocyte Growth Factor; FGF: Fibroblast Growth 

Factor; EGF: Epidermal Growth Factor; TGF-P: Transforming growth factor beta; MAPK; 

Mitogen-activated protein kinases; extracellular signal—regulated kinases; JNK; c-Jun N -terminal 

kinases; FGF; Fibroblast Growth Factor; STAT3: Signal transducer and activator of transcription 

3; GAB 1: GRB2-associated-binding protein 1; AKT/PI3K/mTOR: Protein kinase B/ 

Phosphatidylinositol-4,5-bisphosphate 3-kinase/ mechanistic target of rapamycin; NF-KB: 

nuclear factor kappa-light-chain-enhancer of activated B cells; YAP: Yes-associated protein; 

IGF; Insulin-like growth factor, IL: Interleukin e.g. IL-6: Interleukin-6, OSM: Oncostatin-M 
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Deposit Statement 

[0331] 	Biologically pure cultures of the endoderm spheroid progenitor cells described herein 

were deposited 	, 2016, under terms of the Budapest Treaty with the American Type 

Culture Collection (ATCC®) (10801 University Boulevard, Manassas, VA 20110 USA), and 

given the patent deposit designation number(s) 	, respectively. The microorganism deposit 

was made under the provisions of the "Budapest Treaty on the International Recognition of the 

Deposit of Microorganisms for the Purposes of Patent Procedure." All restrictions on the 

availability to the public of these deposited microorganisms will be irrevocably removed upon 

issuance of a patent based on this application. For the purposes of this disclosure, any isolate 

having the identifying characteristics of the deposited cells, including subcultures and variants 

thereof having the identifying characteristics and activity as described herein, are included. 

[0332] 	It is understood that the examples and embodiments described herein are for illustrative 

purposes only and that various modifications or changes in light thereof will be suggested to 

persons skilled in the art and are to be included within the spirit and purview of this application 

and scope of the appended claims. All publications, sequence accession numbers, patents, and 

patent applications cited herein are hereby incorporated by reference in their entirety for all 

purposes. 
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Informal Sequence Listing 

Protein name, accession numbers, gene name and amino acid sequence of Markers 

SEQ ID NO:1 
Hepatocyte nuclear factor 4, alpha (HNF4A), accession number: AAI37540; Gene: HNF4A 
MRLSKTLVDMDMADYSAALDPAYTTLEFENVQVLTMGNDTSPSEGTNLNAPNSLGVS 
ALCAICGDRATGKHYGAS SCDGCKGFFRRS VRKNHMYSCRFSRQCVVDKDKRNQCRY 
CRLKKCFRAGMKKEAVQNERDRISTRRSSYEDSSLPSINALLQAEVLSRQITSPVSGINGD 
IRAKKIASIADVCESMKEQLLVLVEWAKYIPAFCELPLDDQVALLRAHAGEHLLLGATK 
RSMVFKDVLLLGNDYIVPRHCPELAEMSRVSIRILDELVLPFQELQIDDNEYAYLKAIIFF 
DPDAKGLSDPGKIKRLRS QVQVSLEDYINDRQYDSRGRFGELLLLLPTLQSITWQMIEQI 
QFIKLFGMAKIDNLLQEMLLGGPCQAQEGRGWSGDSPGDRPHTVSSPLS SLASPLCRFG 
QVA 

SEQ ID NO:2 
pancreas/duodenum homeobox protein 1 (PDX1), accession number: NP_000200; Gene: 
PDX1 

MNGEEQYYAATQLYKDPCAFQRGPAPEFS ASPPACLYMGRQPPPPPPHPFPGALGALEQ 
GSPPDISPYEVPPLADDPAVAHLHHHLPAQLALPHPPAGPFPEGAEPGVLEEPNRVQLPFP 
WMKSTKAHAWKGQWAGGAYAAEPEENKRTRTAYTRAQLLELEKEFLFNKYISRPRRV 
ELAVMLNLTERHIKIWFQNRRMKWKKEEDKKRGGGTAVGGGGVAEPEQDCAVTS GEE 
LLALPPPPPPGGAVPPAAPVAAREGRLPPGLSASPQPSSVAPRRPQEPR 

SEQ ID NO:3 
homeobox protein CDX-2, accession number: NP_001256; Gene: CDX2 

MYVSYLLDKDVSMYPSSVRHSGGLNLAPQNFVSPPQYPDYGGYHVAAAAAAAANLDS 
AQSPGPSWPAAYGAPLREDWNGYAPGGAAAAANAVAHGLNGGSPAAAMGYSSPADY 
HPHHHPHHHPHHPAAAPSCASGLLQTLNPGPPGPAATAAAEQLSPGGQRRNLCEWMRK 
PAQQSLGSQVKTRTKDKYRVVYTDHQRLELEKEFHYSRYITIRRKAELAATLGLSERQV 
KIWFQNRRAKERKINKKKLQQQQQQQPPQPPPPPPQPPQPQPGPLRSVPEPLSPVSSLQAS 
VS GS VPGVLGPTGGVLNPTVTQ 

SEQ ID NO:4 
SOX9, accession number: CAA86598; Gene: SOX9 

MNLLDPFMKMTDEQEKGLS GAPSPTMSED SAGSPCPS GS GSDTENTRPQENTFPKGEPD 
LKKESEEDKFPVCIREAVSQVLKGYDWTLVPMPVRVNGS SKNKPHVKRPMNAFMVWA 
QAARRKLADQYPHLHNAELSKTLGKLWRLLNESEKRPFVEEAERLRVQHKKDHPDYK 
YQPRRRKS VKNGQAEAEEATEQTHISPNAIFKALQAD SPHS S S GMSEVHSPGEHS GQS Q 
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GPPTPPTTPKTDVQPGKADLKREGRPLPEGGRQPPIDFRDVDIGELS SDVISNIETFDVNEF 
DQYLPPNGHPGVPATHGQVTYTGSYGIS STAATPASAGHVWMSKQQAPPPPPQQPPQAP 
PAPQAPPQPQAAPPQQPAAPPQQPQAHTLTTLS SEPGQS QRTHIKTEQLSPSHYSEQQQH 
SPQQIAYSPFNLPHYSPSYPPITRS QYDYTDHQNSSSYYSHAAGQGTGLYSTFTYMNPAQ 
RPMYTPIADTSGVPSIPQTHSPQHWEQPVYTQLTRP 

SEQ ID NO:5 
keratin, type I cytoskeletal 19 (KRT19), accession number: NP_002267; Gene: KRT19 

MTSYSYRQSSATSSFGGLGGGSVRFGPGVAFRAPSIHGGSGGRGVSVSSARFVSSSSSGA 
YGGGYGGVLTASDGLLAGNEKLTMQNLNDRLASYLDKVRALEAANGELEVKIRDWYQ 
KQGPGPSRDYSHYYTTIQDLRDKILGATIENSRIVLQIDNARLAADDFRTKFETEQALRM 
SVEADINGLRRVLDELTLARTDLEMQIEGLKEELAYLKKNHEEEISTLRGQVGGQVSVE 
VDSAPGTDLAKILSDMRS QYEVMAEQNRKDAEAWFTSRTEELNREVAGHTEQLQMSRS 
EVTDLRRTLQGLEIELQSQLSMKAALEDTLAETEARFGAQLAHIQALISGIEAQLGDVRA 
DSERQNQEYQRLMDIKSRLEQEIATYRSLLEGQEDHYNNLSASKVL 

SEQ ID NO:6 
Alpha-fetoprotein (AFP), accession number: AAH27881; Gene: AFP 

MKWVESIFLIFLLNFTESRTLHRNEYGIASILD SYQCTAEISLADLATIFFAQFVQEATYKE 
VSKMVKDALTAIEKPTGDEQS S GCLENQLPAFLEELCHEKEILEKYGHSDCCS QSEEGRH 
NCFLAHKKPTPASIPLFQVPEPVTSCEAYEEDRETFMNKFIYEIARRHPFLYAPTILLWAA 
RYDKIIPSCCKAENAVECFQTKAATVTKELRES SLLNQHACAVMKNFGTRTFQAITVTK 
LS QKFTKVNFTEIQKLVLDVAHVHEHCCRGDVLDCLQDGEKIMSYICS QQDTLSNKITE 
CCKLTTLERGQCIIHAENDEKPEGLSPNLNRFLGDRDFNQFS S GEKNIF 
LASFVHEYSRRHPQLAVS VILRVAKGYQELLEKCFQTENPLECQDKGEEELQKYIQESQ 
ALAKRSCGLFQKLGEYYLQNAFLVAYTKKAPQLTS SELMAITRKMAATAATCCQLSED 
KLLACGEGAADIIIGHLCIRHEMTPVNPGVGQCCTS SYANRRPCFS SLVVDETYVPPAFS 
DDKFIFHKDLCQAQGVALQTMKQEFLINLVKQKPQITEEQLEAVIADFS GLLEKCCQGQ 
EQEVCFAEEGQKLISKTRAALGV 

SEQ ID NO:7 
ONECUT-2 transcription factor (OC-2), accession number: CAB38253; Gene: OC-2 

MNPELTMESLGTLHGARGGGSGGGGGGGGGGGGGGPGHEQELLASPSPHHARRGPRG 
SLRGPPPPPTAHQELGTAAAAAAAASRSAMVTSMASILD GGDYRPELSIPLHHAMS MSC 
DS SPPGMGMSNTYTTLTPLQPLPPISTVSDKFHHPHPHHHPHHHHHHHHQRLS GNVS GS 
FTLMRDERGLPAMNNLYSPYKEMPGMSQSLSPLAATPLGNGLGGLHNAQQSLPNYGPP 
GHDKMLSPNFDAHHTAMLTRGEQHLSRGLGTPPAAMMSHLNGLHHPGHTQSHGPVLA 
PSRERPPS S S S GS QVATSGQLEEINTKEVAQRITAELKRYSIPQAIFAQRVLCRSQGTLSDL 
LRNPKPWS KLKSGRETFRRMWKWLQEPEFQRMSALRLAACKRKEQEPNKDRNNSQKK 
SRLVFTDLQRRTLFAIFKENKRPSKEMQITIS QQLGLELTTVSNFFMNARRRSLEKWQDD 
LSTGGSSSTSSTCTKA 
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SEQ ID NO:8 
G protein-coupled receptor LGR5, accession number: AAC77911; Gene: LGR5 

MDTSRLGVLLSLPVLLQLATGGSSPRSGVLLRGCPTHCHCEPDGRMLLRVDCSDLGLSE 
LPSNLSVFTSYLDLSMNNISQLLPNPLPSLHFLEELRLAGNALTYIPKGAFTGLYSLKVLM 
LQNNQLRHVPTEALQNLRSLQSLRLDANHIS YVPPSCFS GLHSLRHLWLDDNALTEIPVQ 
AFRSLS ALQAMTLALNKIHHIPDYAFGNLS SWVVLHLHNNRIHSLGKKCFDGLHSLETL 
DLNYNNLDEFPTAIRTLSNLKELGFHSNNIRSIPEKAFVGNPSLITIHFYDNPIQFVGRSAF 
QHLPELRTLTLNGAS QITEFPDLTGTANLESLTLTGAQISSLPQTVCNQLPNLQVLDLSYN 
LLEDLPSFS VCQKLQKIDLRHNEIYEIKVDTFQQLLSLRSLNLAWNKIAIIHPNAFS TLPSLI 
KLDLSSNLLS SFPITGLHGLTHLKLTGNHALQS LIS SENFPELKVIEMPYAYQCCAFGVCE 
NAYKISNQWNKGDNSSMDDLHKKDAGMFQAQDERDLEDFLLDFEEDLKALHSVQCSP 
SPGPFKPCEHLLDGWLIRIGVWTIAVLALTCNALVTSTVFRSPLYISPIKLLIGVIAAVNML 
TGVS SAVLA GVDAFTFGS FARHGAWWENGVGCHVIGFLSIFASES S VFLLTLAALERGF 
S VKYS AKFETKAPFS SLKVIILLCALLALTMAAVPLLGGSKYGASPLCLPLPFGEPS TMG 
YMVALILLNSLCFLMMTIAYTKLYCNLDKGDLENIWDCSMVKHIALLLFTNCILNCPVA 
FLSFSSLINLTFISPEVIKFILLVVVPLPACLNPLLYILFNPHFKEDLVSLRKQTYVWTRSKH 
PSLMSINSDDVEKQSCDSTQALVTFTSSSITYDLPPS SVPSPAYPVTESCHLSSVAFVPCL 

SEQ ID NO:9 
EPHB2, accession number: AAH67861; Gene: EPHB2 

MALRRLGAALLLLPLLAAVEETLMD STTATAELGWMVHPPS GWEEVS GYDENMNTIRT 
YQVCNVFESSQNNWLRTKFIRRRGAHRIHVEMKFS VRDCS SIPS VPGSCKETFNLYYYE 
ADFDS ATKTFPNWMENPWVKVDTIAADES FSQVDLGGRVMKINTEVRSFGPVSRS GFY 
LAFQDYGGCMS LIAVRVFYRKCPRIIQNGAIFQETLS GAESTS LVAARGSCIANAEEVDV 
PIKLYCNGDGEWLVPIGRCMCKAGFEAVENGTVCRGCPSGTFKANQGDEACTHCPINSR 
TTSEGATNCVCRNGYYRADLDPLDMPCTTIPSAPQAVISS VNETSLMLEWTPPRDS GGR 
EDLVYNIICKSCGS GRGACTRCGDNVQYAPRQLGLTEPRIYISDLLAHTQYTFEIQAVNG 
VTDQSPFSPQFASVNITTNQAAPSAVSIMHQVSRTVDSITLSWSQPDQPNGVILDYELQY 
YEKMKTQRS 

SEQ ID NO:10 
LGR4, accession number: AAH33039; Gene: LGR4 

MPGPLGLLCFLALGLLGSA GPGGAAPPLCAAPCSCD GDRRVDCS GKGLTAVPEGLS AFT 
QALQLAGNDLSFIHPKALSGLKELKVLTLQNNQLKTVPSEAIRGLS ALQSLRLDANHITS 
VPED SFEGLVQLRHLWLDDNSLTEVPVHHLSNLPTLQALTLALNKIS SIPDFAFTNLS SLV 
VLHLHNNKIRSLSQHCFDGLDNLETLDLNYNNLGEFPQAIKALPSLKELGFHSNSISVIPD 
GAFDGNPLLRTIHLYDNPLS FVGNS AFHNLSDLHSLVIRGASMVQQFPNLTGTVHLES LT 
LTGTKISSIPNNLCQEQKMLRTLDLSYNNIRDLPSFNGCHALEEISLQRNQIYQIKEGTFQ 
GLISLRILDLSRNLIHEIHSRAFATLGPITNLD VSFNELTSFPTEGLNGLNQLKLVGNFKLK 
EALAAKDFVNLRSLSVPYAYQCCAFWGCDSYANLNTEDNSLQDHSVAQEKGTADAAN 
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VTSTLENEEHSQIIIHCTPSTGAFKPCEYLLGSWMIRLTVWFIFLVALFFNLLVILTTFASC 
TSLPSSKLFIGLISVSNLFMGIYTGILTFLDAVSWGRFAEFGIWWETGS GCKVAGFLAVFS 
SESAIFLLMLATVERSLSAKDIMKNGKSNHLKQFRVAALLAFLGATVAGCFPIFHRGEYS 
ASPLCLPFPTGETPSLGFTVTLVLLNSLAFLLMAVIYTKLYCNLEKEDLSENSQSSMIKHV 
AWLIFTNCIFFCPVAFFSFAPLITAISISPEIMKSVTLIFFPLPACLNPVLYVFFNPKFKEDW 
KLLKRRVTKKSGSVSVSISS QGGCLEQDFYYDCGMYSHLQGNLTVCDCCESFLLTKPVS 
CKHLIKSHSCPALAVASCQRPEGYWSDCGTQSAHSDYADEEDSFVSDSSDQVQACGRA 
CFYQSRGFPLVRYAYNLPRVKD 

SEQ ID NO:11 
nuclear receptor subfamily 5 group A member 2 isoform 1 (NR5A2), accession number: 

NP_995582; Gene: NR5A2 

MSSNSDTGDLQESLKHGLTPIGAGLPDRHGSPIPARGRLVMLPKVETEALGLARSHGEQ 
GQMPENMQVSQFKMVNYSYDEDLEELCPVCGDKVSGYHYGLLTCESCKGFFKRTVQN 
NKRYTCIENQNCQIDKTQRKRCPYCRFQKCLSVGMKLEAVRADRMRGGRNKFGPMYK 
RDRALKQQKKALIRANGLKLEAMS QVIQAMPSDLTISSAIQNIHSASKGLPLNHAALPPT 
DYDRSPFVTSPISMTMPPHGSLQGYQTYGHFPSRAIKSEYPDPYTSSPESIMGYSYMDSY 
QTSSPASIPHLILELLKCEPDEPQVQAKIMAYLQQEQANRSKHEKLSTFGLMCKMADQT 
LFSIVEWARSSIFFRELKVDDQMKLLQNCWSELLILDHIYRQVVHGKEGSIFLVTGQQVD 
YSIIAS QAGATLNNLMSHAQELVAKLRSLQFD QREFVCLKFLVLFSLDVKNLENFQLVE 
GVQEQVNAALLDYTMCNYPQQTEKFGQLLLRLPEIRAISMQAEEYLYYKHLNGDVPYN 
NLLIEMLHAKRA 

SEQ ID NO:12 
CDH1, accession ni mber: AAI46663; Gene: CDH1 

MGPWSRSLSALLLLLQVSSWLCQEPEPCHPGFDAESYTFTVPRRHLERGRVLGRVNFED 
CTGRQRTAYFSLDTRFKVGTDGVITVKRPLRFHNPQIHFLVYAWDSTYRKFSTKVTLNT 
VGHHHRPPPHQASVS GIQAELLTFPNSSPGLRRQKRDWVIPPISCPENEKGPFPKNLVQIK 
SNKDKEGKVFYSITGQGADTPPVGVFIIERETGWLKVTEPLDRERIATYTLFSHAVSSNG 
NAVEDPMEILITVTDQNDNKPEFTQEVFKGSVMEGALPGTSVMEVTATDADDDVNTYN 
AAIAYTILSQDPELPDKNMFTINRNTGVISVVTTGLDRESFPAYTLVVQAADLQGEGLST 
TATAVITVTDTNDNPPIFNPTTYKGQVPENEANVVITTLKVTDADAPNTPWEAVYTILND 
DGGQFVVTTNPVNND GILKTAKGLDFEAKQQYILHVAVTNVVPFEVSLTTSTATVTVDV 
LDVNEAPIFVPPEKRVEVSEDFGVGQEITSYTAQEPDTFMEQKITYRIWRDTANWLEINP 
DTGAISTRAELDREDFEHVKNSTYTALIIATDNGSPVATGTGTLLLILSDVNDNAPIPEPR 
TIFFCERNPKPQVINIIDADLPPILASQSIGITDMSHCTCPAPQLPAIF 

SEQ ID NO:13 
keratin, type II cytoskeletal 7 (KRT7), accession number: NP_005547; Gene: KRT7 

MSIHFSSPVFTSRSAAFSGRGAQVRLS SARPGGLGSSSLYGLGASRPRVAVRSAYGGPVG 
AGIREVTINQSLLAPLRLDADPSLQRVRQEESEQIKTLNNKFASFIDKVRFLEQQNKLLET 
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KWTLLQEQKSAKSSRLPDIFEAQIAGLRGQLEALQVDGGRLEAELRSMQDVVEDFKNK 
YEDEINHRTAAENEFVVLKKDVDAAYMS KVELEAKVDALNDEINFLRTLNETELTELQS 
QISDTSVVLSMDNSRSLDLDGIIAEVKAQYEEMAKCSRAEAEAWYQTKFETLQAQAGK 
HGDDLRNTRNEISEMNRAIQRLQAEIDNIKNQRAKLEAAIAEAEERGELALKDARAKQE 
ELEAALQRGKQDMARQLREYQELMSVKLALDIEIATYRKLLEGEESRLAGDGVGAVNIS 
VMNSTGGSSSGGGIGLTLGGTMGSNALSFS SSAGPGLLKAYSIRTASASRRSARD 

SEQ ID NO:14 
zinc finger protein 503 (ZNF503), accession nu nber: NP_116161; Gene: ZNF503 

MSTAPSLSALRSSKHSGGGGGGGGGGGADPAWTSALSGNSSGPGPGSSPAGSTKPFVHA 
VPPSDPLRQANRLPIKVLKMLTARTGHILHPEYLQPLPSTPVSPIELDAKKSPLALLAQTC 
SQIGKPDPSPS SKLSSVASNGGGAGGAGGGAAGDKDTKSGPLKLSDIGVEDKSSFKPYS 
KPGSDKKEPGGGGGGGGGGGGGGGGVSSEKSGFRVPSATCQPFTPRTGSPSSSASACSP 
GGMLSSAGGAPEGKDDKKDTDVGGGGKGTGGASAEGGPTGLAHGRISCGGGINVDVN 
QHPDGGPGGKALGSDCGGSSGSSSGSGPSAPTSSSVLGSGLVAPVSPYKPGQTVFPLPPA 
GMTYPGSLAGAYAGYPPQFLPHGVALDPTKPGSLVGAQLAAAAAGSLGCSKPAGSSPL 
AGASPPSVMTASLCRDPYCLSYHCASHLAGAAAASASCAHDPAAAAAALKSGYPLVYP 
THPLHGVHSSLTAAAAAGATPPSLAGHPLYPYGFMLPNDPLPHICNWVSANGPCDKRFA 
TSEELLSHLRTHTAFPGTDKLLSGYPSSS SLASAAAAAMACHMHIPTSGAPGSPGTLALR 
SPHHALGLSSRYHPYSKSPLPTPGAPVPVPAATGPYYSPYALYGQRLTTASALGYQ 

SEQ ID NO:15 
homeobox protein MSX-2, accession number: NP_002440; Gene: MSX2 

MASPSKGNDLFSPDEEGPAVVAGPGPGPGGAEGAAEERRVKVSSLPFSVEALMSDKKPP 
KEASPLPAESASAGATLRPLLLSGHGAREAHSPGPLVKPFETASVKSENSEDGAAWMQE 
PGRYSPPPRHMSPTTCTLRKHKTNRKPRTPFTTSQLLALERKFRQKQYLSIAERAEFSSSL 
NLTETQVKIWFQNRRAKAKRLQEAELEKLKMAAKPMLPSSFSLPFPISSPLQAASIYGAS 
YPFHRPVLPIPPVGLYATPVGYGMYHLS 

SEQ ID NO:16 
zinc finger transcription factor Trpsl, accession number: NP_054831; Gene: TRPS1 

MPYEVNAGYDFTNMVRKKNPPLRNVASEGEGQILEPIGTESKVSGKNKEFSADQMSEN 
TDQSDAAELNHKEEHSLHVQDPSSSSKKDLKSAVLSEKAGFNYESPSKGGNFPSFPHDE 
VTDRNMLAFSSPAAGGVCEPLKSPQRAEADDPQDMACTPSGDSLETKEDQKMSPKATE 
ETGQAQSGQANCQGLSPVSVASKNPQVPSDGGVRLNKSKTDLLVNDNPDPAPLSPELQ 
DFKCNICGYGYYGNDPTDLIKHFRKYHLGLHNRTRQDAELDSKILALHNMVQFSHSKD 
FQKVNRSVFSGVLQDINSSRPVLLNGTYDVQVTSGGTFIGIGRKTPDCQGNTKYFRCKFC 
NFTYMGNSSTELEQHFLQTHPNKIKASLPSSEVAKPSEKNSNKSIPALQSSDSGDLGKWQ 
DKITVKAGDDTPVGYSVPIKPLDSSRQNGTEATSYYWCKFCSFSCESSSSLKLLEHYGKQ 
HGAVQSGGLNPELNDKLSRGSVINQNDLAKSSEGETMTKTDKSSSGAKKKDFSSKGAE 
DNMVTSYNCQFCDFRYSKSHGPDVIVVGPLLRHYQQLHNIHKCTIKHCPFCPRGLCSPE 
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KHLGEITYPFACRKSNCSHCALLLLHLSPGAAGSSRVKHQCHQCSFTTPDVDVLLFHYES 
VHESQASDVKQEANHLQGSDGQQSVKES KEHSCTKCDFITQVEEEISRHYRRAHSCYKC 
RQCSFTAADTQSLLEHFNTVHCQEQDITTANGEEDGHAISTIKEEPKIDFRVYNLLTPDSK 
MGEPVSESVVKREKLEEKDGLKEKVWTESSSDDLRNVTWRGADILRGSPSYTQASLGL 
LTPVS GTQEQTKTLRDSPNVEAAHLARPIYGLAVETKGFLQGAPAGGEKS GALPQQYPA 
S GENKSKDESQSLLRRRRGS GVFCANCLTTKTSLWRKNANGGYVCNACGLYQKLHSTP 
RPLNIIKQNNGEQIIRRRTRKRLNPEALQAEQLNKQQRGSNEEQVNGSPLERRSEDHLTE 
SHQREIPLPSLSKYEAQGSLTKSHSAQQPVLVSQTLDIHKRMQPLHIQIKSPQESTGDPGN 
SSSVSEGKGSSERGSPIEKYMRPAKHPNYSPPGSPIEKYQYPLFGLPFVHNDFQSEADWL 
RFWS KYKLSVPGNPHYLSHVPGLPNPCQNYVPYPTFNLPPHFS AVGSDNDIPLDLAIKHS 
RPGPTANGAS KEKTKAPPNVKNEGPLNVVKTEKVDRSTQDELS TKCVHCGIVFLDEVM 
YALHMSCHGDS GPFQCSICQHLCTDKYDFTTHIQRGLHRNNAQVEKNGKPKE 

SEQ ID NO:17 
achaete-scute homolog 2 (ASCL2), accession number: NP_005161; Gene: ASCL2 

MDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPATAETGGGAAAVARRNERE 
RNRVKLVNLGFQALRQHVPHGGASKKLSKVETLRSAVEYIRALQRLLAEHDAVRNALA 
GGLRPQAVRPSAPRGPPGTTPVAASPSRASSSPGRGGSSEPGSPRSAYSSDDSGCEGALSP 
AERELLDFSSWLGGY 

SEQ ID NO:18 
interferon regulatory factor 8 (IRF8), accession number: NP_002154; Gene: IRF8 

MCDRNGGRRLRQWLIEQIDSSMYPGLIWENEEKSMFRIPWKHAGKQDYNQEVDASIFK 
AWAVFKGKFKEGDKAEPATWKTRLRCALNKSPDFEEVTDRS QLDISEPYKVYRIVPEEE 
QKCKLGVATAGCVNEVTEMECGRSEIDELIKEPSVDDYMGMIKRSPSPPEACRSQLLPD 
WWAQQPSTGVPLVTGYTTYDAHHSAFS QMVISFYYGGKLVGQATTTCPEGCRLSLS QP 
GLPGTKLYGPEGLELVRFPPADAIPSERQRQVTRKLFGHLERGVLLHSSRQGVFVKRLC 
QGRVFCSGNAVVCKGRPNKLERDEVVQVFDTSQFFRELQQFYNSQGRLPDGRVVLCFG 
EEFPDMAPLRSKLILVQIEQLYVRQLAEEAGKSCGAGSVMQAPEEPPPDQVI-RMFPDICA 
SHQRSFFRENQQITV 

SEQ ID NO:19 
hepatocyte nuclear factor 4-gamma (HNF4G), accession number: NP_004124; Gene: 
HNF4G 

MDMANYSEVLDPTYTTLEFETMQILYNSSDSSAPETSMNTTDNGVNCLCAICGDRATG 
KHYGASSCDGCKGFFRRSIRKSHVYSCRFSRQCVVDKDKRNQCRYCRLRKCFRAGMKK 
EAVQNERDRISTRRSTFDGSNIPSINTLAQAEVRSRQISVSSPGSSTDINVKKIASIGDVCES 
MKQQLLVLVEWAKYIPAFCELPLDDQVALLRAHAGEHLLLGATKRSMMYKDILLLGN 
NYVIHRNSCEVEISRVANRVLDELVRPFQEIQIDDNEYACLKAIVFFDPDAKGLSDPVKIK 
NMRFQVQIGLEDYINDRQYDSRGRFGELLLLLPTLQSITWQMIEQIQFVKLFGMVKIDNL 
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LQEMLLGGASNDGSHLHHPMHPHLS QDPLTGQTILLGPMS TLVHADQIS TPETPLPSPPQ 
GSGQEQYKIAANQASVISHQHLSKQKQL 

SEQ ID NO:20 
DNA-binding protein inhibitor ID-2, accession number: NP_002157; Gene: ID-2 

MKAFSPVRSVRKNSLSDHSLGISRSKTPVDDPMSLLYNMNDCYSKLKELVPSIPQNKKV 
SKMEILQHVIDYILDLQIALD SHPTIVSLHHQRPGQNQASRTPLTTLNTDISILS LQASEFPS 
ELMSNDSKALCG 

SEQ ID NO:21 
CD44, accession number: ACI46596; Gene: CD44 

MDKFWWHAAWGLCLVPLS LAQIDLNITCRFAGVFHVEKNGRYSISRTEAADLCKAFNS 
TLPTMAQMEKALSIGFETCRYGFIEGHVVIPRIHPNSICAANNTGVYILTSNTSQYDTYCF 
NAS APPEEDCTS VTDLPNAFDGPITITIVNRDGTRYVQKGEYRTNPEDIYPSNPTDDDVS S 
GS S SERS S TS GGYIFYTFS TVHPIPDEDSPWITDS TDRIPATRHSHGS QEGGANTTSGPIRTP 
QIPEWLIILASLLALALILAVCIAVNSRRRCGQKKKLVINS GNGAVEDRKPS GLNGEASKS 
QEMVHLVNKESSETPDQFMTADETRNLQNVDMKIGV 

SEQ ID NO:22 
Epithelial cell adhesion molecule (EPCAM), accession number: AAH14785; Gene: EPCAM 

MAPPQVLAFGLLLAAATATFAAAQEECVCENYKLAVNCFVNNNRQCQCTSVGAQNTV 
ICS KLAAKCLVMKAEMNGSKLGRRAKPEGALQNNDGLYDPDCDES GLFKAKQCNGTS 
TCWCVNTAGVRRTDKDTEITCSERVRTYWIIIELKHKAREKPYDSKSLRTALQKEITTRY 
QLDPKFITSILYENNVITIDLVQNS S QKTQNDVDIADVAYYFEKDVKGESLFHSKKMDLT 
VNGEQLDLDPGQTLIYYVDEKAPEFSMQGLKAGVIAVIVVVVIAVVAGIVVLVISRKKR 
MAKYEKAEIKEMGEMHRELNA 

SEQ ID NO:23 
MET proto-oncogene protein (MET), accession number: AAA59591; Gene: MET 

MKAPAVLAPGILVLLFTLVQRSNGECKEALAKSEMNVNMKYQLPNFTAETPIQNVILHE 
HHIFLGATNYIYVLNEEDLQKVAEYKTGPVLEHPDCFPCQDCS SKANLS GGVWKDNIN 
MALVVDTYYDDQLISCGSVNRGTCQRHVFPHNHTADIQSEVHCIFSPQIEEPSQCPDCVV 
SALGAKVLSSVKDRFINFFVGNTINS SYFPDHPLHSISVRRLKETKDGFMFLTDQSYIDVL 
PEFRDSYPIKYVHAFESNNFIYFLTVQRETLDAQTFHTRIIRFCSINSGLHSYMEMPLECIL 
TEKRKKRS TKKEVFNILQAAYVSKPGAQLARQIGASLNDDILFGVFAQSKPD S AEPMDR 
S AMCAFPIKYVNDFFNKIVNKNNVRCLQHFYGPNHEHCFNRTLLRNS S GCEARRDEYRT 
EFTTALQRVDLFMGQFSEVLLTSIS TFIKGDLTIANLGTSEGRFMQVVVSRS GPS TPHVNF 
LLDSHPVSPEVIVEHTLNQNGYTLVITGKKITKIPLNGLGCRHFQSCS QCLS APPFVQCG 
WCHDKCVRSEECLS GTWTQQICLPAIYKVFPNS APLEGGTRLTICGWDFGFRRNNKFDL 
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KKTRVLLGNESCTLTLSES TMNTLKCTVGPAMNKHFNMSIIISNGHGTTQYS TFS YVDPV 
ITSISPKYGPMAGGTLLTLTGNYLNSGNSRHISIGGKTCTLKSVSNSILECYTPAQTISTEF 
AVKLKIDLANRETSIFS YREDPIVYEIHPTKSFIS TWWKEPLNIVS FLFCFAS GGS TIT GVG 
KNLNSVSVPRMVINVHEAGRNFTVACQHRSNSEIICCTTPSLQQLNLQLPLKTKAFFMLD 
GILSKYFDLIYVHNPVFKPFEKPVMISMGNENVLEIKGNDIDPEAVKGEVLKVGNKSCEN 
IHLHSEAVLCTVPNDLLKLNSELNIEWKQAIS STVLGKVIVQPDQNFTGLIAGVVSISTAL 
LLLLGFFLWLKKRKQIKDLGSELVRYDARVHTPHLDRLVS ARSVSPTTEMVSNES VDYR 
ATFPEDQFPNSSQNGSCRQVQYPLTDMSPILTSGDSDISSPLLQNTVHIDLSALNPELVQA 
VQHVVIGPSS LIVHFNEVIGRGHFGCVYHGTLLDNDGKKIHCAVKSLNRITDIGEVS QFL 
TEGIIMKDFSHPNVLSLLGICLRSEGSPLVVLPYMKHGDLRNFIRNETHNPTVKDLIGFGL 
QVAKAMKYLASKKFVHRDLAARNCMLDEKFTVKVADFGLARDMYDKEYYSVHNKT 
GAKLPVKWMALESLQTQKFTTKSDVWSFGVVLWELMTRGAPPYPDVNTFDITVYLLQ 
GRRLLQPEYCPDPLYEVMLKCWHPKAEMRPSFSELVSRISAIFSTFIGEHYVHVNATYVN 
VKCVAPYPSLLSSEDNADDEVDTRPASFWETS 

SEQ ID NO:24 
indian hedgehog protein preproprotein (IHH), accession number: NP_002172; Gene: IHH 

MSPARLRPRLHFCLVLLLLLVVPAAWGCGPGRVVGSRRRPPRKLVPLAYKQFSPNVPEK 
TLGAS GRYEGKIARS SERFKELTPNYNPDIIFKDEENTGADRLMTQRCKDRLNSLAIS VM 
NQWPGVKLRVTEGWDEDGHHSEESLHYEGRAVDITTSDRDRNKYGLLARLAVEAGFD 
WVYYESKAHVHCSVKSEHSAAAKTGGCFPAGAQVRLESGARVALSAVRPGDRVLAMG 
EDGSPTFSDVLIFLDREPHRLRAFQVIETQDPPRRLALTPAHLLFTADNHTEPAARFRATF 
ASHVQPGQYVLVAGVPGLQPARVAAVSTHVALGAYAPLTKHGTLVVEDVVASCFAAV 
ADHHLAQLAFWPLRLFHS LAWGSWTPGEGVHWYPQLLYRLGRLLLEEGS FHPLGMS G 
AGS 

SEQ ID NO:25 
claudin-3 (CLDN3), accession number: NP_001297; Gene: CLDN3 

MSMGLEITGTALAVLGWLGTIVCCALPMWRVSAFIGSNIITSQNIWEGLWMNCVVQSTG 
QMQCKVYDSLLALPQDLQAARALIVVAILLAAFGLLVALVGAQCTNCVQDDTAKAKIT 
IVAGVLFLLAALLTLVPVSWS ANTIIRDFYNPVVPEAQKREMGAGLYVGWAAAALQLL 
GGALLCCSCPPREKKYTATKVVYSAPRSTGPGASLGTGYDRKDYV 

SEQ ID NO:26 
SOX2, accession number: NP_003097; Gene: SOX2 

MYNMMETELKPPGPQQTSGGGGGNSTAAAAGGNQKNSPDRVKRPMNAFMVWSRGQR 
RKMAQENPKMHNSEISKRLGAEWKLLSETEKRPFIDEAKRLRALHMKEHPDYKYRPRR 
KTKTLMKKDKYTLPGGLLAPGGNSMASGVGVGAGLGAGVNQRMDSYAHMNGWSNG 
S YSMMQDQLGYPQHPGLNAHGAAQMQPMHRYD VS ALQYNSMTS S QTYMNGSPTYSM 
SYSQQGTPGMALGSMGSVVKSEASSSPPVVTSSSHSRAPCQAGDLRDMISMYLPGAEVP 
EPAAPSRLHMSQHYQSGPVPGTAINGTLPLSHM 
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SEQ ID NO:27 
Cerberus 1 (CER1), accession number: AAH69491; Gene: CER1 

MHLLLFQLLVLLPLGKTTRHQDGRQNQSSLSPVLLPRNQRELPTGNHEEAEEKPDLFVA 
VPHLVGTSPAGEGQRQREKMLSRFGRFWKKPEREMHPSRDSDSEPFPPGTQSLIQPIDG 
MKMEKSPLREEAKKFWHHFMFRKTPASQGVILPIKSHEVHWETCRTVPFSQTITHEGCE 
KVVVQNNLCFGKCGSVHFPGAAQHSHTSCSHCLPAKFTTMHLPLNCTELSS VIKVVML 
VEECQCKVKTEHEDGHILHAGSQDSFIPGVSA 

SEQ ID NO:28 
GATA-4, accession number: NP_001295022; Gene: GATA4 

MYQSLAMAANHGPPPGAYEAGGPGAFMHGAGAASSPVYVPTPRVPSSVLGLSYLQGG 
GAGSASGGASGGSSGGAASGAGPGTQQGSPGWSQAGADGAAYTPPPVSPRFSFPGTTG 
SLAAAAAAAAAREAAAYSSGGGAAGAGLAGREQYGRAGFAGSYSSPYPAYMADVGA 
SWAAAAAASAGPFDSPVLHSLPGRANPAARHPNLVDMFDDFSEGRECVNCGAMSTPL 
WRRDGTGHYLCNACGLYHKMNGINRPLIKPQRRLSASRRVGLSCANCQTTTTTLWRRN 
AEGEPVCNACGLYMKLHGVPRPLAMRKEGIQTRKRKPKNLNKSKTPAAPSGSESLPPAS 
GASSNSSNATTS SSEEMRPIKTEPGLSSHYGHSS SVSQTFSVSAMSGHGPSIHPVLSALKL 
SPQGYASPVSQSPQTSSKQDSWNSLVLADSHGDIITA 

SEQ ID NO:29 
SOX17, accession number: NP_071899; Gene: SOX17 

MYQSLAMAANHGPPPGAYEAGGPGAFMHGAGAASSPVYVPTPRVPSSVLGLSYLQGG 
GAGSASGGASGGSSGGAASGAGPGTQQGSPGWSQAGADGAAYTPPPVSPRFSFPGTTG 
SLAAAAAAAAAREAAAYSSGGGAAGAGLAGREQYGRAGFAGSYSSPYPAYMADVGA 
SWAAAAAASAGPFDSPVLHSLPGRANPAARHPNLVDMFDDFSEGRECVNCGAMSTPL 
WRRDGTGHYLCNACGLYHKMNGINRPLIKPQRRLSASRRVGLSCANCQTTTTTLWRRN 
AEGEPVCNACGLYMKLHGVPRPLAMRKEGIQTRKRKPKNLNKSKTPAAPSGSESLPPAS 
GASSNSSNATTS SSEEMRPIKTEPGLSSHYGHSS SVSQTFSVSAMSGHGPSIHPVLSALKL 
SPQGYASPVSQSPQTSSKQDSWNSLVLADSHGDIITA 

SEQ ID NO:30 
hepatocyte nuclear factor 3-beta (HNF3B), accession number: NP_068556; Gene: FOXA2 

MHSASSMLGAVKMEGHEPSDWSSYYAEPEGYSSVSNMNAGLGMNGMNTYMSMSAA 
AMGSGSGNMSAGSMNMSSYVGAGMSPSLAGMSPGAGAMAGMGGSAGAAGVAGMGP 
HLSPSLSPLGGQAAGAMGGLAPYANMNSMSPMYGQAGLSRARDPKTYRRSYTHAKPP 
YSYISLITMAIQQSPNKMLTLSEIYQWIMDLFPFYRQNQQRWQNSIRHSLSFNDCFLKVP 
RSPDKPGKGSFWTLHPDSGNMFENGCYLRRQKRFKCEKQLALKEAAGAAGSGKKAAA 
GAQASQAQLGEAAGPASETPAGTESPHSSASPCQEHKRGGLGELKGTPAAALSPPEPAPS 
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PGQQQQAAAHLLGPPHHPGLPPEAHLKPEHHYAFNHPFSINNLMS SEQQHHHSHHHHQ 
PHKMDLKAYEQVMHYPGYGSPMPGSLAMGPVTNKTGLDASPLAADTSYYQGVYSRPI 
MNSS 

SEQ ID NO:31 
C-X-C chemokine receptor type 4 (CXCR4), accession number: NP_001008540; Gene: 
CXCR4 

MSIPLPLLQIYTSDNYTEEMGSGDYDSMKEPCFREENANFNKIFLPTIYSIIFLTGIVGNGL 
VILVMGYQKKLRSMTDKYRLHLSVADLLFVITLPFWAVDAVANWYFGNFLCKAVHVI 
YTVNLYSS VLILAFISLDRYLAIVHATNS QRPRKLLAEKVVYVGVWIPALLLTIPDFIFAN 
VSEADDRYICDRFYPNDLWVVVFQFQHIMVGLILPGIVILSCYCIIISKLSHSKGHQKRKA 
LKTTVILILAFFACWLPYYIGISID SFILLEIIKQGCEFENTVHKWISITEALAFFHCCLNPIL 
YAFLGAKFKTSAQHALTSVSRGSSLKILSKGKRGGHSSVSTESES 
SSFHSS 

SEQ ID NO:32 
Fumarylacetoacetase (FAH), accession number: NP_000128; Gene: FAH 

MSFIPVAEDSDFPIHNLPYGVFS TRGDPRPRIGVAIGDQILDLSIIKHLFTGPVLSKHQDVF 
NQPTLNS FMGLGQAAWKEARVFLQNLLS VS QARLRDDTELRKCAFISQASATMHLPATI 
GDYTDFYSSRQHATNVGIMFRDKENALMPNWLHLPVGYHGRASSVVVSGTPIRRPMGQ 
MKPDDS KPPVYGACKLLDMELEMAFFVGPGNRLGEPIPISKAHEHIFGMVLMNDWS AR 
DIQKWEYVPLGPFLGKSFGTTVSPWVVPMD ALMPFAVPNPKQDPRPLPYLCHDEPYTFD 
INLSVNLKGEGMSQAATICKSNFKYMYWTMLQQLTHHS VNGCNLRPGDLLASGTISGP 
EPENFGSMLELSWKGTKPIDLGNGQTRKFLLDGDEVIITGYCQGDGYRIGFGQCAGKVL 
PALLPS 

SEQ ID NO:33 
tyrosine aminotransferase (TAT), accession number: NP_000344; Gene: TAT 

MDPYMIQMSSKGNLPSILDVHVNVGGRSSVPGKMKGRKARWSVRPSDMAKKTFNPIR 
AIVDNMKVKPNPNKTMISLSIGDPTVFGNLPTDPEVTQAMKDALDS GKYNGYAPSIGFL 
S SREEIASYYHCPEAPLEAKDVILTS GCS QAIDLCLAVLANPGQNILVPRPGFSLYKTLAE 
SMGIEVKLYNLLPEKSWEIDLKQLEYLIDEKTACLIVNNPSNPCGS VFSKRHLQKILAVA 
ARQCVPILADEIYGDMVFSDCKYEPLATLS TDVPILSCGGLAKRWLVPGWRLGWILIHD 
RRDIFGNEIRDGLVKLS QRILGPCTIVQGALKSILCRTPGEFYHNTLS FLKSNADLCYGAL 
AAIPGLRPVRPSGAMYLMVGIEMEHFPEFENDVEFTERLVAEQS VHCLPATCFEYPNFIR 
VVITVPEVMMLEACSRIQEFCEQHYHCAEGSQEECDK 

SEQ ID NO:34 
Glucokinase (GCK), accession number: NP_000153; Gene: GCK 
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MLDDRARMEAAKKEKVEQILAEFQLQEEDLKKVMRRMQKEMDRGLRLETHEEASVK 
MLPTYVRS TPEGSEVGDFLS LDLGGTNFRVMLVKVGEGEEGQWS VKTKHQMYSIPEDA 
MTGTAEMLFDYISECISDFLDKHQMKHKKLPLGFTFSFPVRHEDIDKGILLNWTKGFKAS 
GAEGNNVVGLLRDAIKRRGDFEMDVVAMVNDTVATMISCYYEDHQCEVGMIVGTGCN 
ACYMEEMQNVELVEGDEGRMCVNTEWGAFGDSGELDEFLLEYDRLVDESSANPGQQL 
YEKLIGGKYMGELVRLVLLRLVDENLLFHGEASEQLRTRGAFETRFVS QVESDTGDRKQ 
IYNILSTLGLRPSTTDCDIVRRACESVSTRAAHMCSAGLAGVINRMRESRSEDVMRITVG 
VDGS VYKLHPSFKERFHASVRRLTPSCEITFIESEEGS GRGAALVS AVACKKACMLGQ 

SEQ ID NO:35 
Transthyretin (TTR), accession number: AAH20791; Gene: TTR 

MASHRLLLLCLAGLVFVS EAGPTGTGESKCPLMVKVLDAVRGSPAINVAVHVFRKAAD 
DTWEPFAS GKTSES GELHGLTTEEEFVEGIYKVEIDTKSYWKALGISPFHEHAEVVFTAN 
DS GPRRYTIAALLSPYSYS TTAVVTNPKE 

SEQ ID NO:36 
maltase-glucoamylase (MGAM), accession number: NP_004659; Gene: GLUI 

MARKKLKKFTTLEIVLS VLLLVLFIISIVLIVLLAKESLKSTAPDPGTTGTPDPGTTGTPDP 
GTTGTTHARTTGPPDPGTTGTTPVS AECPVVNELERINCIPDQPPTKATCDQRGCCWNPQ 
GAVSVPWCYYSKNHSYHVEGNLVNTNAGFTARLKNLPSSPVFGSNVDNVLLTAEYQTS 
NRFHFKLTDQTNNRFEVPHEHVQSFS GNAAASLTYQVEISRQPFSIKVTRRSNNRVLFD S 
SIGPLLFADQFLQLS TRLPS TNVYGLGEHVHQQYRHDMNWKTWPIFNRDTTPNGNGTN 
LYGAQTFFLCLEDAS GLSFGVFLMNSNAMEVVLQPAPAITYRTIGGILDFYVFLGNTPEQ 
VVQEYLELIGRPALPS YWALGFHLSRYEYGTLDNMREVVERNRAAQLPYDVQHADIDY 
MDERRDFTYDSVDFKGFPEFVNELHNNGQKLVIIVDPAISNNSSSSKPYGPYDRGSDMKI 
WVNSSDGVTPLIGEVWPGQTVFPDYTNPNCAVWWTKEFELFHNQVEFDGIWIDMNEVS 
NFVDGS VS GCS TNNLNNPPFTPRILDGYLFCKTLCMDAVQHWGKQYDIHNLYGYSMAV 
ATAEAAKTVFPNKRSFILTRS TFAGS GKFAAHWLGDNTATWDDLRWSIPGVLEFNLFGI 
PMVGPDICGFALDTPEELCRRWMQLGAFYPFSRNHNGQGYKDQDPASFGADSLLLNSS 
RHYLNIRYTLLPYLYTLFFRAHSRGDTVARPLLHEFYEDNS TWDVHQQFLWGPGLLITP 
VLDEGAEKVMAYVPDAVWYDYETGS QVRWRKQKVEMELPGDKIGLHLRGGYIFPTQQ 
PNTTTLASRKNPLGLIIALDENKEAKGELFWDNGETKDTVANKVYLLCEFSVTQNRLEV 
NIS QS TYKDPNNLAFNEIKILGTEEP 
SNVTVKHNGVPS QTSPTVTYD SNLKVAIITDIDLLLGEAYTVEWSIKIRDEEKIDCYPDEN 
GASAENCTARGCIWEASNSSGVPFCYFVNDLYSVSDVQYNSHGATADISLKSSVYANAF 
PSTPVNPLRLDVTYHKNEMLQFKIYDPNKNRYEVPVPLNIPSMPS S TPEGQLYDVLIKKN 
PFGIEIRRKSTGTIIWD SQLLGFTFSDMFIRISTRLPS KYLYGFGETEHRSYRRDLEWHTW 
GMFSRDQPPGYKKNSYGVHPYYMGLEEDGSAHGVLLLNSNAMDVTFQPLPALTYRTT 
GGVLDFYVFLGPTPELVTQQYTELIGRPVMVPYWS LGFQLCRYGYQNDSEIAS LYDEM 
VAAQIPYDVQYSDIDYMERQLDFTLSPKFAGFPALINRMKADGMRVILILDPAISGNETQ 
PYPAFTRGVEDDVFIKYPND GDIVWGKVWPDFPDVVVNGS LDWDS QVELYRAYVAFP 
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DFFRNSTAKWWKREIEELYNNPQNPERSLKFDGMWIDMNEPSSFVNGAVSPGCRDASL 
NHPPYMPHLESRDRGLSSKTLCMES QQILPDGSLVQHYNVHNLYGWS QTRPTYEAVQE 
VTGQRGVVITRSTFPSSGRWAGHWLGDNTAAWD QLKKSIIGMMEFSLFGISYTGADICG 
FFQDAEYEMCVRWMQLGAFYPFSRNHNTIGTRRQDPVSWDVAFVNISRTVLQTRYTLL 
PYLYTLMHKAHTEGVTVVRPLLHEFVSDQVTWDIDSQFLLGPAFLVSPVLERNARNVT 
AYFPRARWYDYYTGVDINARGEWKTLPAPLDHINLHVRGGYILPWQEPALNTHLSRQK 
FMGFKIALDDEGTAGGWLFWDDGQSIDTYGKGLYYLASFSASQNTMQSHIIFNNYITGT 
NPLKLGYIEIWGVGSVPVTSVSISVSGMVITPSFNNDPTTQVLSIDVTDRNISLHNFTSLT 
WISTL 

SEQ ID NO:37 
Fumarylacetoacetate hydrolase domain containing 2A (FAHD2A), accession nu nber: 

AAI10912; Gene: FAHD2A 

MLVSGRRRLLTVLLQAQKWPFQPSRDMRLVQFRAPHLVGPHLGLETGNGGGVINLNAF 
DPTLPKTMTQFLEQGEATLSVARRALAAQLPVLPRSEVTFLAPVTRPDKVVCVGMNYV 
DHCKEQNVPVPKEPIIFSKFASSIVGPYDEVVLPPQS QEVDWEVELAVVIGKKGKHIKAT 
DAMAHVAGFTVAHDVSARDWQMRRNGKQWLLGKTFDTFCPLGPALVTKDSVADPHN 
LKICCRVNGEVVQS GNTNQMVFKTEDLIAWVSQFVTFYPGDVILTGTPPGVGVFRKPPV 
FLKKGDEVQCEIEELGVIINKVV 

SEQ ID NO:38 
hepatocyte nuclear factor 1-beta (HNF1(3), accession number: NP_000449; Gene: HNF113 

MVSKLTSLQQELLSALLSS GVTKEVLVQALEELLPSPNFGVKLETLPLSPGSGAEPDTKP 
VFHTLTNGHAKGRLS GDEGSEDGDDYDTPPILKELQALNTEEAAEQRAEVDRMLSEDP 
WRAAKMIKGYMQQHNIPQREVVDVTGLNQSHLS QHLNKGTPMKTQKRAALYTWYVR 
KQREILRQFNQTVQSSGNMTDKSSQDQLLFLFPEFS QQSHGPGQSDDACSEPTNKKMRR 
NRFKWGPASQQILYQAYDRQKNPSKEEREALVEECNRAECLQRGVSPSKAHGLGSNLV 
TEVRVYNWFANRRKEEAFRQKLAMDAYSSNQTHSLNPLLSHGSPHHQPSSSPPNKLSG 
VRYSQQGNNEITS SSTISHHGNSAMVTSQSVLQQVSPASLDPGHNLLSPDGKMISVSGGG 
LPPVSTLTNIHSLSHHNPQQSQNLIMTPLSGVMAIAQSLNTSQAQSVPVINSVAGSLAAL 
QPVQFSQQLHSPHQQPLMQQSPGSHMAQQPFMAAVTQLQNSHMYAHKQEPPQYSHTS 
RFPSAMVVTDTSSISTLTNMSSSKQCPLQAW 

SEQ ID NO:39 
hepatocyte nuclear factor 1-alpha (HNF1A), accession number: NP_001293108; Gene: 
HNF1A 

MVSKLS QLQTELLAALLESGLSKEALIQALGEPGPYLLAGEGPLDKGESCGGGRGELAE 
LPNGLGETRGSEDETDDDGEDFTPPILKELENLSPEEAAHQKAVVETLLQEDPWRVAKM 
VKSYLQQHNIPQREVVDTTGLNQSHLS QHLNKGTPMKTQKRAALYTWYVRKQREVAQ 
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QFTHAGQGGLIEEPTGDELPTKKGRRNRFKWGPAS QQILFQAYERQKNPSKEERETLVE 
ECNRAECIQRGVSPSQAQGLGSNLVTEVRVYNWFANRRKEEAFRHK 
LAMDTYSGPPPGPGPGPALPAHSSPGLPPPALSPSKVHGVRYGQPATSETAEVPSSSGGP 
LVTVSTPLHQVSPTGLEPSHSLLSTEAKLVSAAGGPLPPVSTLTALHSLEQTSPGLNQQPQ 
NLIMASLPGVMTIGPGEPASLGPTFTNTGASTLVIGLASTQAQSVPVINSMGSSLTTLQPV 
QFSQPLHPSYQQPLMPPVQSHVTQSPFMATMAQLQSPHALYSHKPEVAQYTHTGLLPQT 
MLITDTTNLSALASLTPTKQEAALLPQVFTSDTEASSESGLHTPASQATTLHVPSQDPAGI 
QHLQPAHRLSASPTVSSSSLVLYQSSDSSNGQSHLLPSNHSVIETFISTQMASSSQ 

SEQ ID NO:40 
cytochrome P450 family 3 subfamily A polypeptide 4 (CYP3A4), accession number: 

ABI96208; Gene: CYP3A4 
MALIPDLAMETWLLLAVSLVLLYLYGTHSHGLFKKLGIPGPTPLPFLGNILSYHKGFCMF 
DMECHKKYGKVWGFYDGQQPVLAITDPDMIKTVLVKECYSVFTNRRPFGPVGFMKSAI 
SIAEDEEWKRLRSLLSPTFTS GKLKEMVPIIAQYGDVLVRNLRREAETGKPVTLKDVFGA 
YSMDVITSTSFGVNIDSLNNPQDPFVENTKKLLRFDFLDPFFLSITVFPFLIPILEVLNICVF 
PREVTNFLRKSVKRMKESRLEDTQKHRVDFLQLMIDS QNSKETESHKALSDLELVAQSII 
FIFAGYETTSSVLSFIMYELATHPDVQQKLQEEIDAVLPNKAPPTYDTVLQMEYLDMVV 
NETLRLFPIAMRLERVCKKDVEINGMFIPKGVVVMIPSYALHRDPKYWTEPEKFLPERFS 
KKNKDNIDPYIYTPFGS GPRNCIGMRFALMNMKLALIRVLQNFSFKPCKETQIPLKLSLG 
GLLQPEKPVVLKVESRD GTVS GA 

SEQ ID NO:41 
cytochrome P450 family 2 subfamily C polypeptide 9 (CYP2C9), accession number: 

AGS09764; Gene: CYP2C9 

MDSLVVLVLCLSCLLLLSLWRQSS GRGKLPPGPTPLPVIGNILQIGIKDISKSLTNLSKVY 
GPVFTLYFGLKPIVVLHGYEAVKEALIDLGEEFS GRGIFPLAERANRGFGIVFSNGKKWK 
EIRRFSLMTLRNFGMGKRSIEDRVQEEARCLVEELRKTKASPCDPTFILGCAPCNVICSIIF 
HKRFDYKDQQFLNLMEKLNENIKILSSPWIQICNNFSPIIDYFPGTHNKLLKNVAFMKSYI 
LEKVKEHQESMDMNNPQDFIDCFLMKMEKEKHNQPSEFTIESLENTAVDLFGAGTETTS 
TTLRYALLLLLKHPEVTAKVQEEIERVIGRNRSPCMQDRSHMPYTDAVVHEVQRYIDLL 
PTSLPHAVTCDIKFRNYLIPKGTTILISLTSVLHDNKEFPNPEMFDPHHFLDEGGNFKKSK 
YFMPFSAGKRICVGEALAGMELFLFLTSILQNFNLKSLVDPKNLDTTPVVNGFASVPPFY 
QLCFIPV 

SEQ ID NO:42 
cytochrome P450, family 2, subfamily C, polypeptide 19 (CYP2C19), accession number: 

AAV41877; Gene: CYP2C19 

MDPFVVLVLCLSCLLLLSIWRQS SGRGKLPPGPTPLPVIGNILQIDIKDVSKSLTNLSKIYG 
PVFTLYFGLERMVVLHGYEVVKEALIDLGEEFS GRGHFPLAERANRGFGIVFSNGKRWK 
EIRRFSLMTLRNFGMGKRSIEDRVQEEARCLVEELRKTKASPCDPTFILGCAPCNVICSIIF 
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QKRFDYKDQQFLNLMEKLNENIRIVSTPWIQICNNFPTIIDYFPGTHNKLLKNLAFMESDI 
LEKVKEHQESMDINNPRDFIDCFLIKMEKEKQNQQSEFTIENLVITAADLLGAGTETTS TT 
LRYALLLLLKHPEVTAKVQEEIERVVGRNRSPCMQDRGHMPYTD AVVHEVQRYIDLIPT 
SLPHAVTCDVKFRNYLIPKGTTILTSLTS VLHDNKEFPNPEMFDPRHFLDEGGNFKKSNY 
FMPFS AGKRICVGEGLARMELFLFLTFILQNFNLKSLIDPKDLDTTPVVNGFAS VPPFYQL 
CFIPV 

SEQ ID NO:43 
Cytochrome P450, family 1, subfamily A, polypeptide 2 (CYP1A2), accession number: 

AAH67428; Gene: CYP1A2 

MALS QS VPFS ATELLLAS AIFCLVFWVLKGLRPRVPKGLKSPPEPWGWPLLGHVLTLGK 
NPHLALSRMSQRYGDVLQIRIGSTPVLVLSRLDTIRQALVRQGDDFKGRPDLYTSTLITD 
GQSLTFSTDSGPVWAARRRLAQNALNTFSIASDPASSSSCYLEEHVSKEAKALISRLQEL 
MAGPGHFDPYNQVVVSVANVIGAMCFGQHFPESSDEMLSLVKNTHEFVETASSGNPLD 
FFPILRYLPNPALQRFKAFNQRFLWFLQKTVQEHYQDFDKNS VRDITGALFKHSKKGPR 
AS GNLIPQEKIVNLVNDIFGAGFDTVTTAISWSLMYLVTKPEIQRKIQKELDTVIGRERRP 
RLSDRPQLPYLEAFILETFRHSSFLPFTIPHSTTRDTTLNGFYIPKKCVFVNQWQVNHDPE 
LWEDPSEFRPERFLTADGTAINKPLS EKMMLFGMGKRRCIGEVLAKWEIFLFLAILLQQL 
EFS VPPGVKVDLTPIYGLTMKHARCEHVQARLRFSIN 

SEQ ID NO:44 
Cytochrome P450, family 2, subfamily E, polypeptide 1 (CYP2E1), accession MItuber:  

AAH67435; Gene: CYP2E1 

MS ALGVTVALLVWAAFLLLVS MWRQVHS SWNLPPGPFPLPIIGNLFQLELKNIPKS FTRL 
AQRFGPVFTLYVGS QRMVVMHGYKAVKEALLDYKDEFS GRGDLPAFHAHRDRGIIFNN 
GPAWKDIRRFSLTTLRNYGMGKQGNESRIQREAHFLLEALRKTQGQPFDPTFLIGCAPC 
NVIADILFRKHFDYNDEKFLRLMYLFNENFHLLS TPWLQLYNNFPSFLHYLP GSHRKVIK 
NVAEVKEYVSERVKEHHQSLDPNCPRDLTDCLLVEMEKEKHS AERLYTMDGITVTVAD 
LFFAGTETTSTTLRYGLLILMKYPEIEEKLHEEIDRVIGPSRIPAIKDRQEMPYMDAVVHEI 
QRFITLVPSNLPHEATRDTIFRGYLIPKGTVVVPTLDS VLYDNQEFPDPEKFKPEHFLNEN 
GKFKYSDYFKPFS TGKRVCAGEGLARTELFLLLCAILQHFNLKPLVDPKDIDLSPIHIGFG 
CIPPRYKLCVIPRS 

SEQ ID NO:45 
Cytochrome P450, family 2, subfamily D, polypeptide 6 (CYP2D6), accession number: 
ABB01372; Gene: CYP2D6 

MGLEALVPLAVIVAIFLLLVDLMHRRQRWAARYSPGPLPLPGLGNLLHVDFQNTPYCFD 
QLRRRFGD VFS LQLAWTPVVVLNGLAAVREALVTHGEDTADRPPVPITQILGFGPRSQG 
VFLARYGPAWREQRRFS VS TLRNLGLGKKSLEQWVTEEAACLCAAFANHS GRPFRPNG 
LLDKAVSNVIASLTCGRRFEYDDPRFLRLLDLAQEGLKEES GFLREVLNAVPVLLHIPAL 
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AGKVLRFQKAFLTQLDELLTEHRMTWDPA QPPRDLTEAFLAEMEKA KGNPES SFNDEN 
LRIVVADLFS AGMVTTS TTLAWGLLLMILHPDVQRRVQQEIDDVIGQVRRPEMGD QAH 
MPYTTAVIHEVQRFGDIVPLGVTHMTSRDIEVQGFRIPKGTTLITNLS S VLKDEAVWEKP 
FRFHPEHFLDAQGHFVKPEAFLPFSAGRRACLGEPLARMELFLFFTS LLQHFS FS VPTGQP 
RPSHHGVFAFLVTPSPYELCAVPR 

SEQ ID NO:46 
Cytochrome P450, family 3, subfamily A, polypeptide 7 (CYP3A7), accession number: 

AAH67436; Gene: CYP3A7 

MDLIPNLAVETWLLLAVS LILLYLYGTRTHGLFKKLGIPGPTPLPFLGNALSFRKGYWTF 
DMECYKKYRKVWGIYDCQQPMLAITDPDMIKTVLVKECYS VFTNRRPFGPVGFMKNAI 
SIAEDEEWKRIRSLLSPTFTSGKLKEMVPIIAQYGDVLVRNLRREAETGKPVTLKHVFGA 
YS MDVITS TS FGVSIDS LNNPQDPFVENTKKLLRFNPLDPFVLSIKVFPFLTPILEALNITVF 
PRKVISFLTKSVKQIKEGRLKETQKHRVDFLQLMIDS QNSKDSETHKALSDLELMAQSIIF 
IFAGYETTS S VLSFIIYELATHPDVQQKVQKEIDTVLPNKAPPTYDTV 
LQLEYLD MVVNETLRLFPVAMRLERVC KKDVEINGMFIPKGVVVMIPSYVLHHDP KYW 
TEPEKFLPERFS KKNKDNIDPYIYTPFGSGPRNCIGMRFALVNMKLALVRVLQNFS FKPC 
KETQIPLKLRFGGLLLTEKPIVLKAESRDETVS GA 

SEQ ID NO:47 
Cytochrome P450, family 1, subfamily A, polypeptide 1 (CYP1A1), accession number: 

AAH23019; Gene: CYP1A1 

MLFPIS MS ATEFLLAS VIFCLVFWVIRASRPQVPKGLKNPPGPWGWPLIGHMLTLGKNPH 
LALSRMSQQYGDVLQIRIGSTPVVVLS GLDTIRQALVRQGDDFKGRPDLYTFTLISNGQS 
MS FS PD S GPVWAARRRLAQNGLKS FS IA S DPAS STSCYLEEHVS KEAEVLISTLQELMAG 
PGHFNPYRYVVVS VTNVICAICFGRRYDHNHQELLS LVNLNNNFGEVVGS GNPADFIPIL 
RYLPNPSLNAFKDLNEKFYSFMQKMVKEHYKTFEKGHIRDITDSLIEHCQEKQLDENAN 
VQLSDEKIINIVLD LFGAGFD TVTTAIS WS LMYLVMNPRVQRKIQEELD TVIGRS RRPRLS 
DRS HLPYMEAFILETFRHS S FVPFTIPHSTTRDTSLKGFYIPKGRCVFVNQWQINHDQKL 
WVNPSEFLPERFLTPDGAIDKVLSEKVIIFGMGKRKCIGETIARWEVFLFLAILLQRVEFS 
VPLGVKVDMTPIYGLTMKHACCEHFQMQLRS 

SEQ ID NO:48 
Cytochrome P450, family 3, subfamily A, polypeptide 5 (CYP3A5), accession number: 

NP_000768; Gene: CYP3A5 

MDLIPNLAVETWLLLAVS LVLLYLYGTRTHGLFKRLGIPGPTPLPLLGNVLSYRQGLWK 
FDTECYKKYGKMWGTYEGQLPVLAITDPDVIRTVLVKECYS VFTNRRS LGPVGFMKS AI 
SLAEDEEWKRIRSLLSPTFTSGKLKEMFPIIA QYGDVLVRNLRREAEKGKPVTLKDIFGA 
YSMDVITGTSFGVNIDS LNNPQDPFVESTKKFLKFGFLDPLFLSIILFPFLTPVFEALNVSLF 
PKDTINFLS KS VNRMKKSRLNDKQKHRLDFLQLMIDS QNS KETES HKALS DLELAAQS II 
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FIFA GYETTS S VLSFTLYELATHPD VQQKLQKEIDAVLPNKAPPTYD AVVQMEYLDMVV 
NETLRLFPVAIRLERTCKKD VEINGVFIPKGSMVVIPTYALHHDPKYWTEPEEFRPERFSK 
KKDSIDPYIYTPFGTGPRNCIGMRFALMNMKLALIRVLQNFS FKPCKETQIPLKLDTQGL 
LQPEKPIVLKVDSRDGTLSGE 

SEQ ID NO:49 
Cytochrome P450, family 27, subfamily A, polypeptide 1 (CYP27A1), accession number: 

AAH40430; Gene: CYP27A1 

MAALGCARLRWALRGAGRGLCPHGARAKAAIPAALPSDKATGAPGAGPGVRRRQRSL 
EEIPRLGQLRFFFQLFVQGYALQLHQLQVLYKAKYGPMWMS YLGPQMHVNLAS APLLE 
QVMRQEGKYPVRNDMELWKEHRDQHDLTYGPFTTEGHHWYQLRQALNQRLLKPAEA 
ALYTDAFNEVIDDFMTRLDQLRAES AS GNQVSDMAQLFYYFALEAICYILFEKRIGCLQ 
RSIPEDTVTFVRSIGLMFQNSLYATFLPKWTRPVLPFWKRYLDGWNAIFSFGKKLIDEKL 
EDMEAQLQAA GPDGIQVS GYLHFLLAS GQLSPREAMGSLPELLMA GVDTTSNTLTWAL 
YHLSKDPEIQEALHEEVVGVVPAGQVPQHKDFAHMPLLKAVLKETLRLYPVVPTNSRII 
EKEIEVDGFLFPKNTQFVFCHYVVSRDPTAFSEPES FQPHRWLRNS QPATPRIQHPFGS VP 
FGYGVRACLGRRIAELEMQLLLARLIQKYKVVLAPETGELKS VARIVLVPNKKVGLQFL 
QRQC 

SEQ ID NO:50 
Cytochrome P450, family 2, subfamily B, polypeptide 6 (CYP2B6), accession number: 

NP_000758; Gene: CYP2B6 

MELSVLLFLALLTGLLLLLVQRHPNTHDRLPPGPRPLPLLGNLLQMDRRGLLKSFLRFRE 
KYGDVFTVHLGPRPVVMLCGVEAIREALVDKAEAFS GRGKIAMVDPFFRGYGVIFANG 
NRWKVLRRFSVTTMRDFGMGKRSVEERIQEEAQCLIEELRKSKGALMDPTFLFQSITANI 
ICSIVFGKRFHYQDQEFLKMLNLFYQTFS LIS SVFGQLFELFSGFLKYFPGAHRQVYKNL 
QEINAYIGHSVEKHRETLDPSAPKDLIDTYLLHMEKEKSNAHSEFSHQNLNLNTLSLFFA 
GTETTSTTLRYGFLLMLKYPHVAERVYREIEQVIGPHRPPELHDRAKMPYTEAVIYEIQR 
FSDLLPMGVPHIVTQHTSFRGYIIPKDTEVFLILSTALHDPHYFEKPD AFNPDHFLDANGA 
LKKTEAFIPFSLGKRICLGEGIARAELFLFFTTILQNFSMASPVAPEDIDLTPQECGVGKIPP 
TYQIRFLPR 

SEQ ID NO:51 
keratin, type I cytoskeletal 18 (KRT18), accession number: NP_954657; Gene: KRT18 

MSFTTRSTFSTNYRSLGSVQAPSYGARPVSSAASVYAGAGGSGSRISVSRSTSFRGGMGS 
GGLATGIAGGLAGMGGIQNEKETMQSLNDRLASYLDRVRSLETENRRLESKIREHLEKK 
GPQVRDWSHYFKIIEDLRAQIFANTVDNARIVLQIDNARLAADDFRVKYETELAMRQS V 
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ENDIHGLRKVIDDTNITRLQLETEIEALKEELLFMKKNHEEEVKGLQAQIASSGLTVEVD 
APKSQDLAKIMADIRAQYDELARKNREELDKYWS QQIEESTTVVTTQSAEVGAAETTLT 
ELRRTVQSLEIDLDSMRNLKASLENSLREVEARYALQMEQLNGILLHLESELAQTRAEG 
QRQAQEYEALLNIKVKLEAEIATYRRLLEDGEDFNLGDALDSSNSMQTIQKTTTRRIVDG 
KVVSETNDTKVLRH 

SEQ ID NO:52 
prospero homeobox protein 1 (PROX1), accession member: NP_002754; Gene: PROX1 

MPDHDSTALLSRQTKRRRVDIGVKRTVGTASAFFAKARATFFSAMNPQGSEQDVEYSV 
VQHADGEKSNVLRKLLKRANSYEDAMMPFPGATIIS QLLKNNMNKNGGTEPSFQAS GL 
SSTGSEVHQEDICSNSSRDSPPECLSPFGRPTMS QFDMDRLCDEHLRAKRARVENIIRGM 
SHSPSVALRGNENEREMAPQSVSPRESYRENKRKQKLPQQQQQSFQQLVSARKEQKRE 
ERRQLKQQLEDMQKQLRQLQEKFYQIYDSTDSENDEDGNLSEDSMRSEILDARAQDSV 
GRSDNEMCELDPGQFIDRARALIREQEMAENKPKREGNNKERDHGPNSLQPEGKHLAE 
TLKQELNTAMS QVVDTVVKVFSAKPSRQVPQVFPPLQIPQARFAVNGENHNFHTANQR 
LQCFGDVIIPNPLDTFGNVQMASSTDQTEALPLVVRKNSSDQSAS GPAAGGHHQPLHQS 
PLSATTGFTTSTFRHPFPLPLMAYPFQSPLGAPSGSFSGKDRASPESLDLTRDTTSLRTKM 
SSHHLSHHPCSPAHPPSTAEGLSLSLIKSECGDLQDMSEISPYSGSAMQEGLSPNHLKKA 
KLMFFYTRYPSSNMLKTYFSDVKFNRCITS QLIKWFSNFREFYYIQMEKYARQAINDGV 
TSTEELSITRDCELYRALNMHYNKANDFEVPERFLEVAQITLREFFNAIIAGKDVDPSWK 
KAIYKVICKLDSEVPEIFKSPNCLQELLHE 

SEQ ID NO:53 
hepatocyte nuclear factor 6, accession number: NP_004489; Gene: HNF6 

MNAQLTMEAIGELHGVSHEPVPAPADLLGGSPHARSSVAHRGSHLPPAHPRSMGMASL 
LD GGS GGGDYHHHHRAPEHSLAGPLHPTMTMACETPPGMS MPTTYTTLTPLQPLPPIST 
VSDKFPHHHHHHHHHHHPHHHQRLAGNVSGSFTLMRDERGLASMNNLYTPYHKDVA 
GMGQSLSPLSSS GLGSIHNSQQGLPHYAHPGAAMPTDKMLTPNGFEAHHPAMLGRHGE 
QHLTPTSAGMVPINGLPPHHPHAHLNAQGHGQLLGTAREPNPSVTGAQV 
SNGSNSGQMEEINTKEVAQRITTELKRYSIPQAIFAQRVLCRSQGTLSDLLRNPKPWSKL 
KS GRETFRRMWKWLQEPEFQRMSALRLAACKRKEQEHGKDRGNTPKKPRLVFTDVQR 
RTLHAIFKENKRPSKELQITISQQLGLELSTVSNFFMNARRRSLDKWQDEGSSNSGNSSSS 
SSTCTKA 

SEQ ID NO:54 
Albumin, accession number: AAH36003; Gene: ALB 

MKWVTFISLLFLFSSAYSRGVFRRDAHKSEVAHRFKDLGEENFKALVLIAFAQYLQQCP 
FEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETYGEMADCCAK 
QEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYEIARRHPYFYAP 
ELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKASSAKQRLKCASLQKFGERA 
FKAWAVARLSQRFPKAEFAEVS KLVTDLTKVHTECCHGDLLECADD 
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RADLAKYICENQDSIS SKLKECCEKPLLEKSHCIAEVENDEMPADLPSLAADFVESKDVC 
KNYAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCCAAADPHECYAKV 
FDEFKPLVEEPQNLIKQNCELFEQLGEYKFQNALLVRYTKKVPQVS TPTLVEVSRNLGK 
VGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTESLVNRRPCFS A 
LEVDETYVPKEFNAETFTFHADICTLS EKERQIKKQTALVELVKHKPKATKEQLKAVMD 
DFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGL 

SEQ ID NO:55 
receptor-type tyrosine-protein phosphatase C (CD45), accession number: NP_002829; 
Gene: CD45 

MTMYLWLKLLAFGFAFLDTEVFVTGQSPTPSPTGLTTAKMPSVPLSSDPLPTHTTAFSPA 
S TFERENDFSETTTSLSPDNTSTQVSPD SLDNAS AFNTTGVS S VQTPHLPTHADS QTPS AG 
TDTQTFS GS AANAKLNPTPGSNAISDVPGERS TAS TFPTDPVSPLTTTLSLAHHS S AALPA 
RTSNTTITANTSDAYLNASETTTLSPS GSAVISTTTIATTPSKPTCDEKYANITVDYLYNKE 
TKLFTAKLNVNENVECGNNTCTNNEVHNLTECKNAS VSISHNSCTAPDKTLILDVPPGV 
EKFQLHDCTQVEKADTTICLKWKNIETFTCDTQNITYRFQCGNMIFD 
NKEIKLENLEPEHEYKCDSEILYNNHKFTNASKIIKTDFGSPGEPQIIFCRSEAAHQGVITW 
NPPQRSFHNFTLCYIKETEKDCLNLDKNLIKYDLQNLKPYTKYVLS LHAYIIAKVQRNGS 
AAMCHFTTKSAPPSQVWNMTVSMTSDNSMHVKCRPPRDRNGPHERYHLEVEAGNTLV 
RNESHKNCDFRVKDLQYSTDYTFKAYFHNGDYPGEPFILHHSTSYNSKALIAFLAFLIIVT 
SIALLVVLYKIYDLHKKRSCNLDEQQELVERDDEKQLMNVEPIHADILLETYKRKIADEG 
RLFLAEFQSIPRVFSKFPIKEARKPFNQNKNRYVDILPYDYNRVELSEINGDAGSNYINAS 
YIDGFKEPRKYIAAQGPRDETVDDFWRMIWEQKATVIVMVTRCEEGNRNKCAEYWPS 
MEEGTRAFGDVVVKINQHKRCPDYIIQKLNIVNKKEKATGREVTHIQFTSWPDHGVPED 
PHLLLKLRRRVNAFSNFFS GPIVVHCSAGVGRTGTYIGIDAMLEGLEAENKVDVYGYVV 
KLRRQRCLMVQVEAQYILIHQALVEYNQFGETEVNLSELHPYLHNMKKRDPPSEPSPLE 
AEFQRLPSYRSWRTQHIGNQEENKSKNRNSNVIPY 
DYNRVPLKHELEMSKESEHD SDES SDDD SD SEEPSKYINASFIMSYWKPEVMIAAQGPL 
KETIGDFWQMIFQRKVKVIVMLTELKHGDQEICAQYWGEGKQTYGDIEVDLKDTDKSS 
TYTLRVFELRHSKRKDSRTVYQYQYTNWS VEQLPAEPKELISMIQVVKQKLPQKNS SEG 
NKHHKSTPLLIHCRDGSQQTGIFCALLNLLESAETEEVVDIFQVVKALRKARPGMVSTFE 
QYQFLYDVIASTYPAQNGQVKKNNHQEDKIEFDNEVDKVKQDAN 
CVNPLGAPEKLPEAKEQAEGSEPTSGTEGPEHSVNGPASPALNQGS 

SEQ ID NO:56 
T-lymphocyte activation antigen CD80, accession number: NP_005182; Gene: CD80 

MGHTRRQGTSPS KCPYLNFFQLLVLAGLSHFCSGVIHVTKEVKEVATLSCGHNVSVEEL 
AQTRIYWQKEKKMVLTMMS GDMNIWPEYKNRTIFDITNNLSIVILALRPSDEGTYECVV 
LKYEKDAFKREHLAEVTLS VKADFPTPSISDFEIPTSNIRRIICST SGGFPEPHLSWLENGE 
ELNAINTTVS QDPETELYAVS SKLDFNMTTNHSFMCLIKYGHLRVNQTFNWNTTKQEHF 
PDNLLPSWAITLIS VNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV 
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SEQ ID NO:57 
T-lymphocyte activation antigen CD86, accession number: NP_787058; Gene: CD86 

MDPQCTMGLSNILFVMAFLLSGAAPLKIQAYFNETADLPCQFANS QNQSLSELVVFWQD 
QENLVLNEVYLGKEKFDSVHSKYMGRTSFDSDSWTLRLHNLQIKDKGLYQCIIHHKKPT 
GMIRIHQMNSELS VLANFS QPEIVPISNITENVYINLTCSSIHGYPEPKKMSVLLRTKNSTI 
EYDGIMQKSQDNVTELYDVSISLS VSFPDVTSNMTIFCILETDKTRLLSSPFSIELEDPQPP 
PDHIPWITAVLPTVIICVMVFCLILWKWKKKKRPRNSYKCGTNTMEREESEQTKKREKIH 
IPERSDEAQRVFKSSKTSSCDKSDTCF 

SEQ ID NO:58 
integrin alpha-X (CD11c), accession number: NP_001273304; Gene: CD11c 

MTRTRAALLLFTALATSLGFNLDTEELTAFRVDS AGFGDS VVQYANSWVVVGAPQKIT 
AANQTGGLYQCGYS TGACEPIGLQVPPEAVNMSLGLS LAS TTSPSQLLACGPTVHHECG 
RNMYLTGLCFLLGPTQLTQRLPVSRQECPRQEQDIVFLIDGS GSIS SRNFATMMNFVRAV 
IS QFQRPSTQFS LMQFSNKFQTHFTFEEFRRS SNPLSLLAS VHQLQGFTYTATAIQNVVHR 
LFHASYGARRDAAKILIVITDGKKEGDSLDYKDVIPMADAAGIIRYAIGVGLAFQNRNS 
WKELNDIASKPSQEHIFKVEDFDALKDIQNQLKEKIFAIEGTETTSSSSFELEMAQEGFS A 
VFTPD GPVLGAVGSFTWS GGAFLYPPNMSPTFINMS QENVDMRDSYLGYS TELALWKG 
VQSLVLGAPRYQHTGKAVIFTQVSRQWRMKAEVTGTQIGSYFGASLCSVDVDSDGSTD 
LVLIGAPHYYEQTRGGQVS VCPLPRGWRRWWCDAVLYGEQGHPWGRFGAALTVLGD 
VNGDKLTDVVIGAPGEEENRGAVYLFHGVLGPSISPSHS QRIAGSQLSSRLQYFGQALS G 
GQDLTQD GLVDLAVGARGQVLLLRTRPVLWVGVSMQFIPAEIPRS AFECREQVVSEQTL 
VQSNICLYIDKRSKNLLGSRDLQS S VTLDLALDPGRLSPRATFQETKNRSLSRVRVLGLK 
AHCENFNLLLPSCVEDSVTPITLRLNFTLVGKPLLAFRNLRPMLAADAQRYFTASLPFEK 
NCGADHICQDNLGISFSFPGLKSLLVGSNLELNAEVMVWNDGEDSYGTTITFSHPAGLS 
YRYVAEGQKQGQLRSLHLTCD SAPVGS QGTWSTSCRINHLIFRGGAQITFLATFDVSPK 
AVLGDRLLLTANVSSENNTPRTSKTTFQLELPVKYAVYTVVSSHEQFTKYLNFSESEEKE 
SHVAMHRYQVNNLGQRDLPVSINFWVPVELNQEAVWMDVEVSHPQNPSLRCSSEKIAP 
PASDFLAHIQKNPVLDCSIAGCLRFRCDVPSFS VQEELDFTLKGNLSFGWVRQILQKKVS 
VVSVAEITFDTSVYSQLPGQEAFMRAQTTTVLEKYKVHNPTPLIVGSSIGGLLLLALITAV 
LYKVGFFKRQYKEMMEEANGQIAPENGTQTPSPPTPHYPQDNV 

SEQ ID NO:59 
membrane primary amine oxidase (VAP1), accession number: NP_003725; Gene: AOC 

MNQKTILVLLILAVITIFALVCVLLVGRGGDGGEPS QLPHCPS VSPS AQPWTHPGQS QLF 
ADLSREELTAVMRFLTQRLGPGLVDAAQARPSDNCVFSVELQLPPKAAALAHLDRGSPP 
PAREALAIVFFGRQPQPNVSELVVGPLPHPSYMRDVTVERHGGPLPYHRRPVLFQEYLDI 
DQMIFNRELPQAS GLLHHCCFYKHRGRNLVTMTTAPRGLQS GDRATWFGLYYNIS GAG 
FFLHHVGLELLVNHKALDPARWTIQKVFYQGRYYD SLAQLEAQFEAGLVNVVLIPDNG 
TGGSWSLKSPVPPGPAPPLQFYPQGPRFSVQGSRVASSLWTFSFGLGAFSGPRIFDVRFQ 
GERLVYEISLQEALAIYGGNSPAAMTTRYVDGGFGMGKYTTPLTRGVDCPYLATYVDW 
HFLLES QAPKTIRDAFCVFEQNQGLPLRRHHSDLYSHYFGGLAETVLVVRSMS TLLNYD 
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YVWDTVFHPS GAIEIRFYATGYISSAFLFGATGKYGNQVSEHTLGTVHTHSAHFKVDLD 
VAGLENWVWAEDMVFVPMAVPWSPEHQLQRLQVTRKLLEMEEQAAFLVGSATPRYL 
YLASNHSNKWGHPRGYRIQMLSFAGEPLPQNSSMARGFSWERYQLAVTQRKEEEPSSSS 
VFNQNDPWAPTVDFSDFINNETIAGKDLVAWVTAGFLHIPHAEDIPNTVTVGNGVGFFL 
RPYNFFDEDPSFYSAD SIYFRGDQDAGACEVNPLACLPQAAACAPDLPAFSHGGFS HN 

SEQ ID NO:60 
stabilin-1 (STAB1), accession number: NP_055951; Gene: STAB1 

MAGPRGLLPLCLLAFCLAGFSFVRGQVLFKGCDVKTTFVTHVPCTSCAAIKKQTCPSGW 
LRELPDQITQDCRYEVQLGGSMVSMSGCRRKCRKQVVQKACCPGYWGSRCHECPGGA 
ETPCNGHGTCLDGMDRNGTCVCQENFRGSACQECQDPNRFGPDCQSVCSCVHGVCNH 
GPRGDGSCLCFAGYTGPHCDQELPVCQELRCPQNTQCSAEAPSCRCLPGYTQQGSECRA 
PNPCWPSPCSLLAQCSVSPKGQAQCHCPENYHGDGMVCLPKDPCTDNLGGCPSNSTLC 
VYQKPGQAFCTCRPGLVSINSNASAGCFAFCSPFSCDRSATCQVTADGKTSCVCRESEV 
GDGRACYGHLLHEVQKATQTGRVFLQLRVAVAMMDQGCREILTTAGPFTVLVPS VS SF 
SSRTMNASLAQQLCRQHIIAGQHILEDTRTQQTRRWWTLAGQEITVTFNQFTKYSYKYK 
DQPQQTFNIYKANNIAANGVFHVVTGLRWQAPS GTPGDPKRTIGQILASTEAFSRFETIL 
ENCGLPSILDGPGPFTVFAPSNEAVDSLRDGRLIYLFTAGLS KLQELVRYHIYNHGQLTV 
EKLISKGRILTMANQVLAVNISEEGRILLGPEGVPLQRVDVMAANGVIHMLDGILLPPTIL 
PILPKHCSEEQHKIVAGSCVDCQALNTSTCPPNS VKLDIFPKECVYIHDPTGLNVLKKGC 
ASYCNQTIMEQGCCKGFFGPDCTQCPGGFSNPCYGKGNCSDGIQGNGACLCFPDYKGIA 
CHICSNPNKHGEQCQEDCGCVHGLCDNRPGSGGVCQQGTCAPGFS GRFCNESMGDCGP 
TGLAQHCHLHARCVSQEGVARCRCLDGFEGDGFSCTPSNPCSHPDRGGCSENAECVPGS 
LGTHHCTCHKGWS GDGRVCVAIDECELDMRGGCHTDALCSYVGPGQSRCTCKLGFAG 
DGYQCSPIDPCRAGNGGCHGLATCRAVGGGQRVCTCPPGFGGDGFSCYGDIFRELEAN 
AHFSIFYQWLKSAGITLPADRRVTALVPSEAAVRQLSPEDRAFWLQPRTLPNLVRAHFL 
QGALFEEELARLGGQEVATLNPTTRWEIRNISGRVWVQNASVDVADLLATNGVLHILSQ 
VLLPPRGDVPGGQGLLQQLDLVPAFSLFRELLQHHGLVPQIEAATAYTIFVPTNRSLEAQ 
GNS SHLDADTVRHHVVLGEALSMETLRKGGHRNSLLGPAHWIVFYNHS GQPEVNHVPL 
EGPMLEAPGRSLIGLS GVLTVGSSRCLHSHAEALREKCVNCTRRFRCTQGFQLQDTPRK 
SCVYRSGFSFSRGCSYTCAKKIQVPDCCPGFFGTLCEPCPGGLGGVCSGHGQCQDRFLGS 
GECHCHEGFHGTACEVCELGRYGPNCTGVCDCAHGLCQEGLQGDGSCVCNVGWQGL 
RCDQKITSPQCPRKCDPNANCVQDSAGASTCACAAGYSGNGIFCSEVDPCAHGHGGCSP 
HA 
NCTKVAPGQRTCTCQDGYMGDGELCQEINSCLIHHGGCHIHAECIPTGPQQVSCSCREG 
YS GDGIRTCELLDPCS KNNGGCSPYATCKSTGDGQRTCTCDTAHTVGDGLTCRARVGL 
ELLRDKHASFFSLRLLEYKELKGDGPFTIFVPHADLMSNLS QDELARIRAHRQLVFRYHV 
VGCRRLRSEDLLEQGYATALS GHPLRFSEREGSIYLNDFARVVSSDHEAVNGILHFIDRV 
LLPPEALHWEPDDAPIPRRNVTAAAQGFGYKIFS GLLKVAGLLPLLREASHRPFTMLWP 
TDAAFRALPPDRQAWLYHEDHRDKLAAILRGHMIRNVEALASDLPNLGPLRTMHGTPIS 
FSCSRTRAGELMVGEDDARIVQRHLPFEGGLAYGID QLLEPPGLGARCDHFETRPLRLNT 
CSICGLEPPCPEGS QEQGSPEACWRFYPKFWTSPPLHSLGLRS VWVHPSLWGRPQGLGR 
GCHRNCVTTTWKPSCCPGHYGSECQACPGGPSSPCSDRGVCMDGMSGSGQCLCRSGFA 
GTACELCAPGAFGPHCQACRCTVHGRCDEGLGGSGSCFCDEGWTGPRCEVQLELQPVC 
TPPCAPEAVCRAGNSCECSLGYEGDGRVCTVADLCQDGHGGCSEHANCSQVGTMVTC 
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TCLPDYEGDGWSCRARNPCTDGHRGGCSEHANCLSTGLNTRRCECHAGYVGDGLQCL 
EESEPPVDRCLGQPPPCHSDAMCTDLHFQEKRAGVFHLQATSGPYGLNFSEAEAACEAQ 
GAVLASFPQLS AAQQLGFHLCLMGWLANGSTAHPVVFPVADCGNGRVGIVSLGARKN 
LSERWDAYCFRVQDVACRCRNGFVGDGIS TCNGKLLDVLAATANFS TFYGMLLGYAN 
ATQRGLDFLDFLDDELTYKTLFVPVNEGFVDNMTLSGPDLELHASNATLLSANASQGKL 
LPAHSGLS LIISDAGPDNS SWAPVAPGTVVVSRIIVWDIMAFNGIIHALASPLLAPPQPQA 
VLAPEAPPVAAGVGAVLAAGALLGLVAGALYLRARGKPMGFGFSAFQAEDDADDDFS 
PWQEGTNPTLVSVPNPVFGSDTFCEPFDDSLLEEDFPDTQRILTVK 

SEQ ID NO:61 
platelet endothelial cell adhesion molecule (CD31), accession number; Gene: NP_000433, 
CD31 

MQPRWAQGATMWLGVLLTLLLCS SLEGQENSFTINSVDMKSLPDWTVQNGKNLTLQC 
FADVS TTSHVKPQHQMLFYKDDVLFYNISSMKSTESYFIPEVRIYDS GTYKCTVIVNNKE 
KTTAEYQVLVEGVPSPRVTLDKKEAIQGGIVRVNCS VPEEKAPIHFTIEKLELNEKMVKL 
KREKNSRDQNFVILEFPVEEQDRVLSFRCQARIIS GIHMQTSESTKSELVTVTESFS TPKFH 
ISPTGMIMEGAQLHIKCTIQVTHLAQEFPEIIIQKDKAIVAHNRHGNKAVYSVMAMVEHS 
GNYTCKVESSRISKVSSIVVNITELFSKPELESSFTHLDQGERLNLSCSIPGAPPANFTIQKE 
DTIVSQTQDFTKIASKSDSGTYICTAGIDKVVKKSNTVQIVVCEMLS QPRISYDAQFEVIK 
GQTIEVRCESIS GTLPISYQLLKTS KVLENS TKNSNDPAVFKDNPTEDVEYQCVADNCHS 
HAKMLSEVLRVKVIAPVDEVQISILSSKVVESGEDIVLQCAVNEGSGPITYKFYREKEGK 
PFYQMTSNATQAFWTKQKASKEQEGEYYCTAFNRANHAS S VPRSKILTVRVILAPWKK 
GLIAVVIIGVIIALLIIAAKCYFLRKAKAKQMPVEMSRPAVPLLNSNNEKMSDPNMEANS 
HYGHNDDVRNHAMKPINDNKEPLNSDVQYEVQVS S AESHKDLGKKDTETVYSEVRKA 
VPDAVESRYSRTEGSLD GT 

SEQ ID NO:62 
glial fibrillary acidic protein (GFAP), accession number: AAB22581; Gene: GFAP 

MERRRITSAARRSYVS S GEMMVGGLAPGRRLGPGTRLSLARMPPPLPTRVDFS LAGALN 
AGFKETRASERAEMMELNDRFASYIEKVRFLEQQNKALAAELNQLRAKEPTKLADVYQ 
AELRELRLRLDQLTANSARLEVERDNLAQDLATVRQKLQDETNLRLEAENNLAAYRQE 
ADEATLARLDLERKIESLEEEIRFLRKIHEEEVRELQEQLARQQVHVELDVAKPDLTAAL 
KEIRTQYEAMAS SNMHEAEEWYRSKFADLTDAAARNAELLRQAKHEANDYRRQLQSL 
TCDLESLRGTNESLERQMREQEERHVREAASYQEALARLEEEGQSKDEMARHLQEYQD 
LLNVKLALDIEIATYRKLLEGEENRITIPVQTFSNLQIRETSLDTKSVSEGHLKRNIVVKTV 
EMRDGEVIKESKQEHKDVM 

SEQ ID NO:63 
Vimentin (VIM), accession number: AAH66956; Gene: VIM 

MSTRSVSSSSYRRMFGGPGTASRPSSSRSYVTTSTRTYSLGSALRPSTSRSLYASSPGGVY 
ATRSSAVRLRSS VPGVRLLQDSVDFSLADAINTEFKNTRTNEKVELQELNDRFANYIDK 
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VRFLEQQNKILLAELEQLKGQGKSRLGDLYEEEMRELRRQVDQLTNDKARVEVERDNL 
AEDIMRLREKLQEEMLQREEAENTLQSFRQDVDNASLARLDLERKVESLQEEIAFLKKL 
HEEEIQELQAQIQEQHVQIDVDVSKPDLTAALRDVRQQYESVAAKNLQEAEEWYKSKF 
ADLSEAANRNNDALRQAKQESTEYRRQVQSLTCEVDALKGTNESLERQMREMEENFA 
VEAANYQDTIGRLQDEIQNMKEEMARHLREYQDLLNVKMALDIEIATYRKLLEGEESRI 
SLPLPNFS SLNLRETNLDSLPLVDTHSKRTLLIKTVETRDGQVINETS QHHDDLE 

SEQ ID NO:64 
LIM/homeobox protein Lhx2, accession number: NP_004780; Gene: LHX2 

MLFHSLSGPEVHGVIDEMDRRAKSEAPAISSAIDRGDTETTMPSISSDRAALCAGCGGKI 
SDRYYLLAVDKQWHMRCLKCCECKLNLESELTCFSKDGSIYCKEDYYRRFSVQRCARC 
HLGISASEMVMRARDLVYHLNCFTCTTCNKMLTTGDHFGMKDSLVYCRLHFEALLQG 
EYPAHFNHADVAAAAAAAAAAKS AGLGAAGANPLGLPYYNGVGTVQKGRPRKRKSP 
GPGADLAAYNAALSCNENDAEHLDRDQPYPSS QKTKRMRTSFKHHQLRTMKSYFAINH 
NPDAKDLKQLAQKTGLTKRVLQVWFQNARAKFRRNLLRQENTGVDKSTDAALQTGTP 
SGPASELSNASLSPSSTPTTLTDLTSPTLPTVTSVLTSVPGNLEGHEPHSPSQTTLTNLF 

SEQ ID NO:65 
lecithin retinol acyltransferase (LRAT), accession number: AAD13529; Gene: LRAT 

MKNPMLEVVSLLLEKLLLISNFTLFS S GAAGKDKGRNSFYETS SFHRGDVLEVPRTHLTH 
YGIYLGDNRVAHMMPDILLALTDDMGRTQKVVSNKRLILGVIVKVASIRVDTVEDFAY 
GANILVNHLDESLQKKALLNEEVARRAEKLLGFTPYSLLWNNCEHFVTYCRYGTPISPQ 
SDKFCETVKIIIRDQRSVLASAVLGLASIVCTGLVSYTTLPAIFIPFFLWMAG 

SEQ ID NO:66 
platelet-derived growth factor receptor beta (PDGFRI3), accession 	saber: NP_002600; 
Gene: PDGFRO 

MRLPGAMPALALKGELLLLSLLLLLEPQIS QGLVVTPPGPELVLNVS STFVLTCS GSAPV 
VWERMS QEPPQEMAKAQDGTFS SVLTLTNLTGLDTGEYFCTHNDSRGLETDERKRLYIF 
VPDPTVGFLPNDAEELFIFLTEITEITIPCRVTDPQLVVTLHEKKGDVALPVPYDHQRGFS 
GIFEDRSYICKTTIGDREVDSDAYYVYRLQVSSINVSVNAVQTVVRQGENITLMCIVIGN 
EVVNFEWTYPRKESGRLVEPVTDFLLDMPYHIRSILHIPSAELEDSGTYTCNVTESVNDH 
QDEKAINITVVESGYVRLLGEVGTLQFAELHRSRTLQVVFEAYPPPTVLWFKDNRTLGD 
SSAGEIALSTRNVSETRYVSELTLVRVKVAEAGHYTMRAFHEDAEVQLSFQLQINVPVR 
VLELSESHPD S GEQTVRCRGRGMPQPNIIWSACRDLKRCPRELPPTLLGNS SEEES QLET 
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NVTYWEEEQEFEVVSTLRLQHVDRPLS VRCTLRNAVGQDTQEVIVVPHSLPFKVVVISAI 
LALVVLTIISLIILIMLWQKKPRYEIRWKVIESVS SD GHEYIYVDPMQLPYDSTWELPRD Q 
LVLGRTLGS GAFGQVVEATAHGLSHSQATMKVAVKMLKSTARS SEKQALMSELKIMS 
HLGPHLNVVNLLGACTKGGPIYIITEYCRYGDLVDYLHRNKHTFLQHHSDKRRPPSAEL 
YSNALPVGLPLPSHVSLTGESDGGYMDMSKDESVDYVPMLDMKGDVKYADIESSNYM 
APYDNYVPSAPERTCRATLINESPVLSYMDLVGFSYQVANGMEFLASKNCVHRDLAAR 
NVLICEGKLVKICDFGLARDIMRDSNYISKGSTFLPLKWMAPESIFNSLYTTLSDVWSFGI 
LLWEIFTLGGTPYPELPMNEQFYNAIKRGYRMAQPAHASDEIYEIMQKCWEEKFEIRPPF 
SQLVLLLERLLGEGYKKKYQQVDEEFLRSDHPAILRSQARLPGFHGLRSPLDTSSVLYTA 
VQPNEGDNDYIIPLPDPKPEVADEGPLEGSPSLAS STLNEVNTSSTISCDSPLEPQDEPEPE 
PQLELQVEPEPELEQLPDSGCPAPRAEAEDSFL 

SEQ ID NO:67 
Heart and neural crest derivatives-expressed protein 2 (HAND2), accession number: 

NP_068808, HAND2 

MSLVGGFPHHPVVHHEGYPFAAAAAAAAAAAASRCSHEENPYFHGWLIGHPEMSPPDY 
SMALSYSPEYASGAAGLDHSHYGGVPPGAGPPGLGGPRPVKRRGTANRKERRRTQSINS 
AFAELRECIPNVPADTKLSKIKTLRLATSYIAYLMDLLAKDDQNGEAEAFKAEIKKTDVK 
EEKRKKELNEILKSTVSSNDKKTKGRTGWPQHVWALELKQ 

SEQ ID NO:68 
intercellular adhesion molecule 1 (ICAM1), accession number: NP_000192; Gene: ICAM1 

MAPS SPRPALPALLVLLGALFPGPGNAQTS VSPSKVILPRGGS VLVTCSTSCDQPKLLGIE 
TPLPKKELLLPGNNRKVYELSNVQEDSQPMCYSNCPDGQSTAKTFLTVYWTPERVELAP 
LPSWQPVGKNLTLRCQVEGGAPRANLTVVLLRGEKELKREPAVGEPAEVTTTVLVRRD 
HHGANFSCRTELDLRPQGLELFENTSAPYQLQTFVLPATPPQLVSPRVLEVDTQGTVVCS 
LDGLFPVSEAQVHLALGDQRLNPTVTYGNDSFS AKAS VS VTAEDEGTQRLTCAVILGNQ 
SQETLQTVTIYSFPAPNVILTKPEVSEGTEVTVKCEAHPRAKVTLNGVPAQPLGPRAQLL 
LKATPEDNGRSFSCSATLEVAGQLIHKNQTRELRVLYGPRLDERDCPGNWTWPENSQQ 
TPMCQAWGNPLPELKCLKDGTFPLPIGES VTVTRDLEGTYLCRARSTQGEVTRKVTVNV 
LSPRYEIVIITVVAAAVIMGTAGLSTYLYNRQRKIKKYRLQQAQKGTPMKPNTQATPP 

SEQ ID NO:69 
vascular cell adhesion protein 1 (VCAM1), accession number: NP_001069; Gene: VCAM1 

MPGKMVVILGASNILWIMFAAS QAFKIETTPESRYLAQIGDS VSLTCSTTGCESPFFSWRT 
QIDSPLNGKVTNEGTTSTLTMNPVSFGNEHSYLCTATCESRKLEKGIQVEIYSFPKDPEIH 
LS GPLEAGKPITVKCS VADVYPFDRLEIDLLKGDHLMKSQEFLEDADRKSLETKSLEVTF 
TPVIEDIGKVLVCRAKLHIDEMD S VPTVRQAVKELQVYISPKNTVIS VNPSTKLQEGGS V 
TMTCSSEGLPAPEIFWSKKLDNGNLQHLSGNATLTLIAMRMEDSGIYVCEGVNLIGKNR 
KEVELIVQEKPFTVEISPGPRIAAQIGDSVMLTCSVMGCESPSFSWRTQIDSPLSGKVRSE 
GTNSTLTLSPVSFENEHSYLCTVTCGHKKLEKGIQVELYSFPRDPEIEMS GGLVNGS S VT 
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VSCKVPSVYPLDRLEIELLKGETILENIEFLEDTDMKSLENKSLEMTFIPTIEDTGKALVCQ 
AKLHIDDMEFEPKQRQSTQTLYVNVAPRDTTVLVSPSSILEEGSSVNMTCLSQGFPAPKI 
LWSRQLPNGELQPLSENATLTLISTKMEDS GVYLCEGINQAGRSRKEVELIIQVTPKDIKL 
TAFPSESVKEGDTVIISCTCGNVPETWIILKKKAETGDTVLKSIDGAYTIRKAQLKDAGV 
YECESKNKVGS QLRSLTLDVQGRENNKDYFSPELLVLYFASSLIIPAIGMIIYFARKANM 
KGSYSLVEAQKSKV 

SEQ ID NO:70 
neural cell adhesion molecule 1 (NCAM1), accession lumber: NP_000606; Gene: NCAM1 

MLQTKDLIWTLFFLGTAVSLQVDIVPSQGEISVGESKFFLCQVAGDAKDKDISWFSPNGE 
KLTPNQQRISVVWNDDSSSTLTIYNANIDDAGIYKCVVTGEDGSESEATVNVKIFQKLMF 
KNAPTPQEFREGEDAVIVCDVVSSLPPTIIWKHKGRDVILKKDVRFIVLSNNYLQIRGIKK 
TDEGTYRCEGRILARGEINFKDIQVIVNVPPTIQARQNIVNATANLGQSVTLVCDAEGFPE 
PTMSWTKDGEQIEQEEDDEKYIFSDDSS QLTIKKVDKNDEAEYICIAENKAGEQDATIHL 
KVFAKPKITYVENQTAMELEEQVTLTCEAS GDPIPSITWRTSTRNISS 
EEKTLD GHMVVRSHARVSSLTLKSIQYTDAGEYICTASNTIGQDS QSMYLEVQYAPKLQ 
GPVAVYTWEGNQVNITCEVFAYPSATISWFRDGQLLPSSNYSNIKIYNTPSASYLEVTPD 
SENDFGNYNCTAVNRIGQESLEFILVQADTPSSPSIDQVEPYS STAQVQFDEPEATGGVPI 
LKYKAEWRAVGEEVWHSKWYDAKEAS MEGIVTIVGLKPETTYAVRLAALNGKGLGEI 
SAASEFKTQPVQGEPSAPKLEGQMGEDGNSIKVNLIKQDDGGSPIRHYLVRYRALSSEW 
KPEIRLPSGSDHVMLKSLDWNAEYEVYVVAENQQGKSKAAHFVFRTSAQPTAIPANGSP 
TSGLSTGAIVGILIVIFVLLLVVVDITCYFLNKCGLFMCIAVNLCGKAGPGAKGKDMEEG 
KAAFSKDESKEPIVEVRTEEERTPNHDGGKHTEPNETTPLTEPEKGPVEAKPECQETETK 
PAPAEVKTVPNDATQTKENESKA 

SEQ ID NO:71 
collagen alpha-1(I) chain protein (COL1A1), accession number: NP_000079; Gene: 
COL1A1 

MFSFVDLRLLLLLAATALLTHGQEEGQVEGQDEDIPPITCVQNGLRYHDRDVWKPEPCR 
ICVCDNGKVLCDDVICDETKNCPGAEVPEGECCPVCPDGSESPTDQETTGVEGPKGDTG 
PRGPRGPAGPPGRD GIPGQPGLPGPPGPPGPPGPPGLGGNFAPQLSYGYDEKSTGGISVPG 
PMGPSGPRGLPGPPGAPGPQGFQGPPGEPGEPGASGPMGPRGPPGPPGKNGDDGEAGKP 
GRPGERGPPGPQGARGLPGTAGLPGMKGHRGFSGLDGAKGDAGPAGPKGEPGSPGENG 
APGQMGPRGLPGERGRPGAPGPAGARGNDGATGAAGPPGPTGPAGPPGFPGAVGAKGE 
AGPQGPRGSEGPQGVRGEPGPPGPAGAAGPAGNPGADGQPGAKGANGAPGIAGAPGFP 
GARGPSGPQGPGGPPGPKGNS GEPGAPGS KGDTGAKGEPGPVGVQGPPGPAGEEGKRG 
ARGEPGPTGLPGPPGERGGPGSRGFPGADGVAGPKGPAGERGSPGPAGPKGSPGEAGRP 
GEAGLPGAKGLTGSPGSPGPDGKTGPPGPAGQDGRPGPPGPPGARGQAGVMGFPGPKG 
AAGEPGKAGERGVPGPPGAVGPAGKDGEAGAQGPPGPAGPAGERGEQGPAGSPGFQGL 
PGPAGPPGEAGKPGEQGVPGDLGAPGPSGARGERGFPGERGVQGPPGPAGPRGANGAP 
GNDGAKGDAGAPGAPGSQGAPGLQGMPGERGAAGLPGPKGDRGDAGPKGADGSPGK 
DGVRGLTGPIGPPGPAGAPGDKGES GPS GPAGPTGARGAPGDRGEPGPPGPAGFAGPPG 
ADGQPGAKGEPGDAGAKGDAGPPGPAGPAGPPGPIGNVGAPGAKGARGSAGPPGATGF 
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PGAAGRVGPPGPSGNAGPPGPPGPAGKEGGKGPRGETGPAGRPGEVGPPGPPGPAGEKG 
SPGADGPAGAPGTPGPQGIAGQRGVVGLPGQRGERGFPGLPGPS GEPGKQGPS GASGER 
GPPGPMGPPGLAGPPGESGREGAPGAEGSPGRDGSPGAKGDRGETGPAGPPGAPGAPGA 
PGPVGPAGKSGDRGETGPAGPAGPVGPVGARGPAGPQGPRGDKGETGEQGDRGIKGHR 
GFSGLQGPPGPPGSPGEQGPSGASGPAGPRGPPGSAGAPGKDGLNGLPGPIGPPGPRGRT 
GDAGPVGPPGPPGPPGPPGPPSAGFDFSFLPQPPQEKAHDGGRYYRADDANVVRDRDLE 
VDTTLKSLSQQIENIRSPEGSRKNPARTCRDLKMCHSDWKS GEYWIDPNQGCNLDAIKV 
FCNMETGETCVYPTQPSVAQKNWYISKNPKDKRHVWFGESMTDGFQFEYGGQGSDPA 
DVAIQLTFLRLMS TEAS QNITYHCKNSVAYMDQQTGNLKKALLLQGSNEIEIRAEGNSR 
FTYSVTVDGCTSHTGAWGKTVIEYKTTKTSRLPIIDVAPLDVGAPDQEFGFDVGPVCFL 

SEQ ID NO:72 
actin, aortic smooth muscle (a-SMA), accession nu nber: NP_001307784; Gene: ACTA2 

MCEEEDSTALVCDNGS GLCKAGFAGDDAPRAVFPSIVGRPRHQGVMVGMGQKDSYVG 
DEAQSKRGILTLKYPIEHGIITNWDDMEKIWHHSFYNELRVAPEEHPTLLTEAPLNPKAN 
REKMTQIMFETFNVPAMYVAIQAVLSLYAS GRTTGIVLDSGDGVTHNVPIYEGYALPHA 
IMRLDLAGRDLTDYLMKILTERGYSFVTTAEREIVRDIKEKLCYVALDFENEMATAASSS 
SLEKSYELPDGQVITIGNERFRCPETLFQPSFIGMESAGIHETTYNSIMKCDIDIRKDLYAN 
NVLSGGTTMYPGIADRMQKEITALAPSTMKIKIIAPPERKYSVWIGGSILASLSTFQQMWI 
SKQEYDEAGPSIVHRKCF 

SEQ ID NO:73 
Glucagon (GCG), accession number: AAH05278; Gene: GCG 

MKSIYFVAGLFVMLVQGSWQRSLQDTEEKSRSFSAS QADPLSDPD QMNEDKRHSQGTF 
TSDYSKYLDSRRAQDFVQWLMNTKRNRNNIAKRHDEFERHAEGTFTSDVSSYLEGQAA 
KEFIAWLVKGRGRRDFPEEVAIVEELGRRHADGSFSDEMNTILDNLAARDFINWLIQTKI 
TDRK 

SEQ ID NO:74 
Insulin, accession number: AAA59172; Gene: INS 

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRRE 
AEDLQVGQVELGGGPGAGSLQPLALEGSLQKRGIVEQCCTSICSLYQLENYCN 

SEQ ID NO:75 
Somatostatin, accession number: AAH32625; Gene: SST 

MLSCRLQCALAALSIVLALGCVTGAPSDPRLRQFLQKSLAAAAGKQELAKYFLAELLSE 
PNQTENDALEPEDLS QAAEQDEMRLELQRSANSNPAMAPRERKAGCKNFFWKTFTSC 
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SEQ ID NO:76 
homeobox protein Nkx-6.1, accession number: NP_006159; Gene: NKX6.1 

MLAVGAMEGTRQSAFLLSSPPLAALHSMAEMKTPLYPAAYPPLPAGPPSSSSSSSSSSSPS 
PPLGTHNPGGLKPPATGGLSSLGSPPQQLSAATPHGINDILSRPSMPVASGAALPSASPSG 
SSSSSSSSASASSASAAAAAAAAAAAAASSPAGLLAGLPRFSSLSPPPPPPGLYFSPSAAA 
VAAVGRYPKPLAELPGRTPIFWPGVMQSPPWRDARLACTPHQGSILLDKDGKRKHTRPT 
FSGQQIFALEKTFEQTKYLAGPERARLAYSLGMTESQVKVWFQNRRTKWRKKHAAEM 
ATAKKKQDSETERLKGASENEEEDDDYNKPLDPNSDDEKITQLLKKHKSSSGGGGGLLL 
HASEPESSS 

SEQ ID NO:77 
homeobox protein Nkx-2.2, accession number: NP_002500; Gene: NKX2.2 

MSLTNTKTGFSVKDILDLPDTNDEEGSVAEGPEEENEGPEPAKRAGPLGQGALDAVQSL 
PLKNPFYDSSDNPYTRWLASTEGLQYSLHGLAAGAPPQDSSSKSPEPSADESPDNDKETP 
GGGGDAGKKRKRRVLFS KAQTYELERRFRQQRYLSAPEREHLASLIRLTPTQVKIWFQN 
HRYKMKRARAEKGMEVTPLPSPRRVAVPVLVRDGKPCHALKAQDLAAATFQAGIPFSA 
YSAQSLQHMQYNAQYSSASTPQYPTAHPLVQAQQWTW 

SEQ ID NO:78 
neurogenic differentiation factor 1 (NEUROD1), accession number: NP_002491; Gene: 
NEUROD1 

MTKSYSESGLMGEPQPQGPPSWTDECLSSQDEEHEADKKEDDLEAMNAEEDSLRNGGE 
EEDEDEDLEEEEEEEEEDDDQKPKRRGPKKKKMTKARLERFKLRRMKANARERNRMH 
GLNAALDNLRKVVPCYSKTQKLSKIETLRLAKNYIWALSEILRSGKSPDLVSFVQTLCKG 
LSQPTTNLVAGCLQLNPRTFLPEQNQDMPPHLPTASASFPVHPYSYQSPGLPSPPYGTMD 
SSHVFHVKPPPHAYS AALEPFFESPLTDCTSPSFDGPLSPPLSINGNFSFKHEPSAEFEKNY 
AFTMHYPAATLAGAQSHGSIFSGTAAPRCEIPIDNIMSFDSHSHHERVMSAQLNAIFHD 

SEQ ID NO:79 
transcription factor MafA (MAFA), accession number: NP_963883; Gene: MAFA 

MAAELAMGAELPSSPLAIEYVNDFDLMKFEVKKEPPEAERFCHRLPPGSLSSTPLSTPCS 
SVPSSPSFCAPSPGTGGGGGAGGGGGSSQAGGAPGPPSGGPGAVGGTSGKPALEDLYW 
MSGYQHHLNPEALNLTPEDAVEALIGSGHHGAHHGAHHPAAAAAYEAFRGPGFAGGG 
GADDMGAGHHHGAHHAAHHHHAAHHHHHHHHHHGGAGHGGGAGHHVRLEERFSD 
DQLVSMSVRELNRQLRGFS KEEVIRLKQKRRTLKNRGYAQSCRFKRVQQRHILESEKCQ 
LQSQVEQLKLEVGRLAKERDLYKEKYEKLAGRGGPGSAGGAGFPREPSPPQAGPGGAK 
GTADFFL 
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SEQ ID NO:80 
trypsin-1, accession number: NP_002760; Gene: PRSS 

MNPLLILTFVAAALAAPFDDDDKIVGGYNCEENSVPYQVSLNS GYHFCGGSLINEQWVV 
S AGHCY KSRIQVRLGEHNIEVLEGNEQFINAAKIIRHPQYDRKTLNNDIMLIKLS S RAVIN 
ARV STI S LPTAPPATGTKCLI S GWGNTASS GADYPDELQCLDAPVLS QAKCEAS YPG KIT 
SNMFCVGFLEGGKDS CQGDSGGPVVCNGQLQGVVSWGDGCAQKNKPGVYTKVYNYV 
KWIKNTIAANS 

SEQ ID NO:81 
carboxypeptidase Al (CPA1), accession number: NP_001859; Gene: CPA1 

MRGLLVLSVLLGAVFGKEDFVGHQVLRISVADEAQVQKVKELEDLEHLQLDFWRGPA 
HPGSPIDVRVPFPSIQAVKIFLESHGISYETMIEDVQSLLDEEQEQMFAFRSRARSTDTFNY 
ATYHTLEEIYDFLDLLVAENPHLVSKIQIGNTYEGRPIYVLKFSTGGSKRPAIWIDTGIHSR 
EWVTQASGVWFAKKITQDYGQDAAFTAILDTLDIFLEIVTNPD GFAFTHSTNRMWRKTR 
SHTAGSLCIGVDPNRNWDAGFGLS GA S S NPCS ETYH GKFANS EVEVKS IVDFV KDHGNI 
KAFISIHSYSQLLMYPYGYKTEPVPDQDELD QLSKAAVTALASLYGTKFNYGSIIKAIYQ 
AS GS TIDWTY S QGIKYS FTFELRDTGRYGFLLPA S QIIPTA KETWLALLTIMEHTLNHPY 

SEQ ID NO:82 
alpha-amylase, accession number: AAA52279; Gene: AMY1 

MKLFWLLFTIGFCWAQYSSNTQQGRTSIVHLFEWRWVDIALECERYLAPKGFGGVQVS 
PPNENVAIHNPFRPWWERYQPV SY KLCTRS GNEDEFRNMVTRCNNVGVRIYVDAVINH 
MCGNAVSAGTSSTCGSYFNPGSRDFPAVPYSGWDFNDGKCKTGSGDIENYNDATQVRD 
CRLSGLLDLALGKDYVRSKIAEYMNHLIDIGVAGFRIDASKHMWPGDIKAILDKLHNLN 
SNWFPEGSKPFIYQEVIDLGGEPIKSSDYFGNGRVTEFKYGAKLGTVIRKWNGEKMSYL 
KNWGEGWGFMPSDRALVFVDNHDNQRGHGAGGASILTFWDARLYKMAVGFMLAHP 
YGFTRVMS S YRWPRYFENGXDVNDWVGPPNDNGVTKEVTINPDTTC GNDWVCEHRW 
RQIRNMVNFRNVVDGQPFTNWYDNGSNQVAFGRGNRGFIVFNNDDWTFSLTLQTGLP 
AGTYCDVISGDKINGNCTGIKIYVSDDGKAHFSISNSAEDPFIAIHAESKL 

SEQ ID NO:83 
chymotrypsin-C, accession number; Gene: NP_009203, 

MLGITVLAALLACASSCGVPSFPPNLS ARVVGGEDARPHSWPWQISLQYLKNDTWRHT 
CGGTLIASNFVLTAAHCISNTRTYRVAVGKNNLEVEDEEGSLFVGVDTIHVHKRWNALL 
LRNDIALIKLAEHVELSDTIQVACLPEKDSLLPKDYPCYVTGWGRLWTNGPIADKLQQG 
LQPVVDHATCSRIDWWGFRVKKTMVCAGGDGVISACNGDS GGPLNCQLENGSWEVFG 
IVSFGSRRGCNTRKKPVVYTRVSAYIDWINEKMQL 

SEQ ID NO:84 
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villin-1, accession number: NP_009058; Gene: Villin-1 

MTKLSAQVKGSLNITTPGLQIWRIEAMQMVPVPSSTFGSFFD GDCYIILAIHKTASSLSYD 
IHYWIGQDSSLDEQGAAAIYTTQMDDFLKGRAVQHREVQGNESEAFRGYFKQGLVIRK 
GGVASGMKHVETNSYDVQRLLHVKGKRNVVAGEVEMSWKSFNRGDVFLLDLGKLIIQ 
WNGPESTRMERLRGMTLAKEIRDQERGGRTYVGVVDGENELASPKLMEVMNHVLGKR 
RELKAAVPDTVVEPALKAALKLYHVSDSEGNLVVREVATRPLTQDLL 
SHEDCYILD QGGLKIYVWKGKKANEQEKKGAMSHALNFIKAKQYPPSTQVEVQNDGA 
ESAVFQQLFQKWTASNRTSGLGKTHTVGSVAKVEQVKFDATSMHVKPQVAAQQKMV 
DDGSGEVQVWRIENLELVPVDSKWLGHFYGGDCYLLLYTYLIGEKQHYLLYVWQGSQ 
AS QDEITASAYQAVILDQKYNGEPVQIRVPMGKEPPHLMSIFKGRMVVYQGGTSRTNNL 
ETGPSTRLFQVQGTGANNTKAFEVPARANFLNSNDVFVLKTQSCCYLWCGKGCSGDER 
EMAKMVADTISRTEKQVVVEGQEPANFWMALGGKAPYANTKRLQEENLVITPRLFECS 
NKTGRFLATEIPDFNQDDLEEDDVFLLDVWDQVFFWIGKHANEEEKKAAATTAQEYLK 
THPSGRDPETPIIVVKQGHEPPTFTGWFLAWDPFKWSNTKSYEDLKAELGNSRDWSQIT 
AEVTSPKVDVFNANSNLSS GPLPIFPLEQLVNKPVEELPEGVDPSRKEEHLSIEDFTQAFG 
MTPAAFSALPRWKQQNLKKEKGLF 

SEQ ID NO:85 
CCAAT/enhancer-binding protein, accession number: NP_001274353; Gene: CEBP 

MRGRGRAGSPGGRRRRPAQAGGRRGSPCRENSNSPMESADFYEAEPRPPMSSHLQSPPH 
APSSAAFGFPRGAGPAQPPAPPAAPEPLGGICEHETSIDISAYIDPAAFNDEFLADLFQHSR 
QQEKAKAAVGPTGGGGGGDFDYPGAPAGPGGAVMPGGAHGPPPGYGCAAAGYLDGR 
LEPLYERVGAPALRPLVIKQEPREEDEAKQLALAGLFPYQPPPPPPPSHPHPHPPPAHLAA 
PHLQFQIAHCGQTTMHLQPGHPTPPPTPVPSPHPAPALGAAGLPGPGSALKGLGAAHPD 
LRASGGSGAGKAKKSVDKNSNEYRVRRERNNIAVRKSRDKAKQRNVETQQKVLELTS 
DNDRLRKRVEQLSRELDTLRGIFRQLPESSLVKAMGNCA 

SEQ ID NO:86 
keratin, type II cytoskeletal 8 (KRT8), accession number: NP_001243211; Gene: KRT8 

MNGVSWSQDLQEGISAWFGPPASTPASTMSIRVTQKSYKVSTSGPRAFSSRSYTSGPGSR 
ISSSSFSRVGSSNFRGGLGGGYGGASGMGGITAVTVNQSLLSPLVLEVDPNIQAVRTQEK 
EQIKTLNNKFASFIDKVRFLEQQNKMLETKWS LLQQQKTARSNMDNMFESYINNLRRQ 
LETLGQEKLKLEAELGNMQGLVEDFKNKYEDEINKRTEMENEFVLIKKDVDEAYMNKV 
ELESRLEGLTDEINFLRQLYEEEIRELQS QISDTSVVLSMDNSRSLDMDSIIAEVKAQYEDI 
ANRSRAEAES MYQIKYEELQSLAGKHGDDLRRTKTEISEMNRNISRLQAEIEGLKGQRA 
SLEAAIADAEQRGELAIKDANAKLSELEAALQRAKQDMARQLREYQELMNVKLALDIEI 
ATYRKLLEGEESRLESGMQNMSIHTKTTSGYAGGLSSAYGGLTSPGLSYSLGSSFGSGA 
GSSSFSRTSSSRAVVVKKIETRDGKLVSESSDVLPK 

SEQ ID NO:87 
NOTCH2, accession number: AAG37073; Gene: NOTCH2 
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MPALRPALLWALLALWLCCATPAHALQCRDGYEPCVNEGMCVTYHNGTGYCKCPEGF 
LGEYCQHRDPCEKNRCQNGGTCVAQAMLGKATCRCASGFTGEDCQYSTSHPCFVSRPC 
LNGGTCHMLSRDTYECTCQVGFTGKECQWTDACLSHPCANGSTCTTVANQFSCKCLTG 
FTGQKCETDVNECDIPGHCQHGGTCLNLPGSYQCQCLQGFTGQYCDSLYVPCAPSPCVN 
GGTCRQTGDFTFECNCLPGFEGS TCERNIDDCPNHRCQNGGVCVDGVNTYNCRCPPQW 
TGQFCTEDVDECLLQPNACQNGGTCANRNGGYGCVCVNGWS GDDCSENIDDCAFASC 
TPGSTCIDRVASFSCMCPEGKAGLLCHLDDACISNPCHKGALCDTNPLNGQYICTCPQG 
YKGADCTEDVDECAMANSNPCEHAGKCVNTDGAFHCECLKGYAGPRCEMDINECHSD 
PCQNDATCLDKIGGFTCLCMPGFKGVHCELEINECQSNPCVNNGQCVDKVNRFQCLCPP 
GFTGPVCQIDIDDCSSTPCLNGAKCIDHPNGYECQCAT 
GFTGVLCEENIDNCDPDPCHHGQCQDGIDSYTCICNPGYMGAICSDQIDECYSSPCLNDG 
RCIDLVNGYQCNCQPGTS GVNCEINFDDCASNPCIHGICMDGINRYSCVCSPGFTGQRCN 
IDIDECASNPCRKGATCINGVNGFRCICPEGPHHPSCYS QVNECLSNPCIHGNCTGGLS GY 
KCLCDAGWVGINCEVDKNECLSNPCQNGGTCDNLVNGYRCTCKKGFKGYNCQVNIDE 
CASNPCLNQGTCFDDIS GYTCHCVLPYTGKNCQTVLAPCSPNPCENAAVCKESPNFES Y 
TCLCAPGWQGQRCTIDIDECIS KPCMNHGLCHNTQGSYMCECPPGFSGMDCEEDIDDCL 
ANPCQNGGSCMDGVNTFSCLCLPGFTGDKCQTDMNECLSEPCKNGGTCSDYVNSYTCK 
CQAGFDGVHCENNINECTES SCFNGGTCVDGINSFSCLCPVGFTGSFCLHEINECS SHPCL 
NEGTCVDGLGTYRCSCPLGYTGKNCQTLVNLCSRSPCKNKGTCVQKKAESQCLCPSGW 
AGAYCDVPNVSCDIAASRRGVLVEHLCQHS GVCINAGNTHYCQCPLGYTGSYCEEQLD 
ECASNPCQHGATCSDFIGGYRCECVPGYQGVNCEYEVDECQNQPCQNGGTCIDLVNHF 
KCSCPPGTRGLLCEENIDDCARGPHCLNGGQCMDRIGGYSCRCLPGFAGERCEGDINEC 
LSNPCS SEGSLDCIQLTNDYLCVCRS AFTGRHCETFVDVCPQMPCLNGGTCAVASNMPD 
GFICRCPPGFS GARCQSSCGQVKCRKGEQCVHTAS GPRCFCPSPRDCES GCAS SPCQHGG 
SCHPQRQPPYYSCQCAPPFSGSRCELYTAPPSTPPATCLSQYCADKARDGVCDEACNSH 
ACQWDGGDCSLTMENPWANCS SPLPCWDYINNQCDELCNTVECLFDNFECQGNSKTC 
KYDKYCADHFKDNHCDQGCNSEECGWDGLDCAADQPENLAEGTLVIVVLMPPEQLLQ 
DARSFLRALGTLLHTNLRIKRD SQGELMVYPYYGEKSAAMKKQRMTRRSLPGEQEQEV 
AGSKVFLEIDNRQCVQDSDHCFKNTDAAAALLASHAIQGTLSYPLVS VVSESLTPERTQL 
LYLLAVAVVIILFIILLGVIMAKRKRKHGSLWLPEGFTLRRDASNHKRREPVGQDAVGLK 
NLSVQVSEANLI 
GTGTSEHWVDDEGPQPKKVKAEDEALLSEEDDPIDRRPWTQQHLEAADIRRTPSLALTP 
PQAEQEVDVLDVNVRGPDGCTPLMLASLRGGS SDLSDEDED AED S SANIITDLVYQGAS 
LQAQTDRTGEMALHLAARYSRADAAKRLLDAGADANAQDNMGRCPLHAAVAADAQ 
GVFQILIRNRVTDLD ARMNDGTTPLILAARLAVEGMVAELINCQADVNAVDDHGKSAL 
HWAAAVNNVEATLLLLKNGANRDMQDNKEETPLFLAAREGSYEAAKILLDHFANRDIT 
DHMDRLPRDVARDHMHHDIVRLLDEYNVTPSPPGTVLTS ALSPVICGPNRSFLSLKHTP 
MGKKSRRPSAKSTMPTSLPNLAKEAKDAKGSRRKKSLSEKVQLSESSVTLSPVDSLESP 
HTYVSDTTS SPMITSPGILQASPNPMLATAAPPAPVHAQHALSFSNLHEMQPLAHGAS TV 
LPS VSQLLS HHHIVSPGS GS AGSLSRLHPVPVPADWMNRMEVNETQYNEMFGMVLAPA 
EGTHPGIAPQSRPPEGKHITTPREPLPPIVTFQLIPKGSIAQPAGAPQPQSTCPPAVAGPLPT 
MYQIPEMARLPSVAFPTAMMPQQDGQVAQTILPAYHPFPAS VGKYPTPPS QHS YASSNA 
AERTPSHSGHLQGEHPYLTPSPESPDQWSSSSPHSASDWSDVTTSPTPGGAGGGQRGPGT 
HMSEPPHNNMQVYA 

SEQ ID NO:88 
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cystic fibrosis transmembrane conductance regulator (CFTR), accession un b .: 

NP_000483; Gene: CFTR 

MQRSPLEKAS VVSKLFFSWTRPILRKGYRQRLELSDIYQIPSVDS ADNLSEKLEREWDRE 
LASKKNPKLINALRRCFFWRFMFYGIFLYLGEVTKAVQPLLLGRIIASYDPDNKEERSIAI 
YLGIGLCLLFIVRTLLLHPAIFGLHHIGMQMRIAMFSLIYKKTLKLS SRVLDKISIGQLVSL 
LSNNLNKFDEGLALAHFVWIAPLQVALLMGLIWELLQAS AFCGLGFLIVLALFQAGLGR 
MMMKYRDQRA GKISERLVITSEMIENIQS VKAYCWEEAMEKMIENLRQTELKLTRKAA 
YVRYFNSS AFFFS GFFVVFLS VLPYALIKGIILRKIFTTISFCIVLRMAV 
TRQFPWAVQTWYD SLGAINKIQDFLQKQEYKTLEYNLTTTEVVMENVTAFWEEGFGEL 
FEKAKQNNNNRKTSNGDD SLFFSNFS LLGTPVLKDINFKIERGQLLAVAGS TGAGKTSLL 
MVIMGELEPSEGKIKHSGRISFCSQFSWIMPGTIKENIIFGVSYDEYRYRSVIKACQLEEDI 
SKFAEKDNIVLGEGGITLSGGQRARISLARAVYKDADLYLLDSPFGYLDVLTEKEIFESC 
VCKLMANKTRILVTSKMEHLKKAD KILILHEGS S YFYGTFSELQNLQPDFS SKLMGCD SF 
DQFS AERRNSILTETLHRFSLEGDAPVS WTETKKQSFKQTGEFGEKRKNSILNPINSIRKF 
SIVQKTPLQMNGIEEDSDEPLERRLSLVPDSEQGEAILPRIS VISTGPTLQARRRQSVLNLM 
THSVNQGQNIHRKTTASTRKVSLAPQANLTELDIYSRRLS QETGLEISEEINEEDLKECFF 
DDMESIPAVTTWNTYLRYITVHKSLIFVLIWCLVIFLAEVAAS LVVLWLLGNTPLQD KG 
NS THSRNNS YAVIITS TSS YYVFYIYVGVADTLLAMGFFGLPLVHTLITVSKILHHKMLHS 
VLQAPMSTLNTLKAGGILNRFSKDIAILDDLLPLTIFDFIQLLLIVIGAIAVVAVLQPYIFVA 
TVPVIVAFIMLRAYFLQTS QQLKQLESEGRSPIFTHLVTSLKGLWTLRAFGRQPYFETLFH 
KALNLHTANWFLYLS TLRWFQMRIEMIFVIFFIAVTFISILTTGEGEGRVGIILTLAMNIMS 
TLQWAVNSSIDVDSLMRSVSRVFKFIDMPTEGKPTKSTKPYKNGQLSKVMIIENSHVKK 
DDIWPS GGQMTVKDLTAKYTEGGNAILENISFSISPGQRVGLLGRTGS GKSTLLS AFLRL 
LNTEGEIQIDGVSWDSITLQQWRAFGVIPQKVFIFS GTFRKNLDPYEQWSDQEIWKVADE 
VGLRS VIEQFPGKLDFVLVDGGCVLSHGHKQLMCLARS VLSKAKILLLDEPS AHLDPVT 
YQIIRRTLKQAFADCTVILCEHRIEAMLECQQFLVIEENKVRQYD SIQKLLNERSLFRQAI 
SPSDRVKLFPHRNSSKCKSKPQIAALKEETEEEVQDTRL 

SEQ ID NO:89 
UDP glucuronosyltransferase family 1 member Al (UGT1A1), accession number: 

NP_000454; Gene: UGT1A1 

MAVESQGGRPLVLGLLLCVLGPVVSHAGKILLIPVDGSHWLSMLGAIQQLQQRGHEIVV 
LAPDASLYIRDGAFYTLKTYPVPFQREDVKESFVSLGHNVFENDSFLQRVIKTYKKIKKD 
S AMLLS GCSHLLHNKELMASLAES SFD VMLTDPFLPCSPIVAQYLSLPTVFFLHALPCS L 
EFEATQCPNPFS YVPRPLS SHSDHMTFLQRVKNMLIAFSQNFLCDVVYSPYATLASEFLQ 
REVTVQDLLS S AS VWLFRSDFVKDYPRPIMPNMVFVGGINCLHQNPLS QEFEAYINASG 
EHGIVVFSLGSMVSEIPEKKAMAIADALGKIPQTVLWRYTGTRPSNLANNTILVKWLPQ 
NDLLGHPMTRAFITHAGSHGVYESICNGVPMVMMPLFGDQMDNAKRMETKGAGVTLN 
VLEMTSEDLENALKAVINDKSYKENIMRLSSLHKDRPVEPLDLAVFWVEFVMRHKGAP 
HLRPAAHDLTWYQYHSLDVIGFLLAVVLTVAFITFKCCAYGYRKCLGKKGRVKKAHKS 
KTH 

SEQ ID NO:90 
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UDP glucuronosyltransferase family 2 member B15 (UGT2B15), accession number: 
NP_001067; Gene: UGT2B15 

MSLKWTSVFLLIQLSCYFSSGSCGKVLVWPTEYSHWINMKTILEELVQRGHEVTVLTSS 
AS TLVNASKS SAIKLEVYPTS LTKNYLED SLLKILDRWIYGVSKNTFWS YFS QLQELCWE 
YYDYSNKLCKDAVLNKKLMMKLQESKFD VILADALNPCGELLAELFNIPFLYSLRFS VG 
YTFEKNGGGFLFPPS YVPVVMSELSDQMIFMERIKNMIHMLYFDFWFQIYDLKKWDQF 
YSEVLGRPTTLFETMGKAEMWLIRTYWDFEFPRPFLPNVDFVGGLHCKPAKPLPKEMEE 
FV QS S GENGIVVFSLGSMISNMSEES ANMIAS ALAQIPQKVLWRFDGKKPNTLGSNTRLY 
KWLPQNDLLGHPKTKAFITHGGTNGIYEAIYHGIPMVGIPLFADQHDNIAHMKAKGAAL 
S VDIRTMS SRDLLNALKS VINDPVYKENVMKLSRIHHDQPMKPLDRAVFWIEFVMRHK 
GAKHLRVAAHNLTWIQYHSLDVIAFLLACVATVIFIITKFCLFCI-RKLAKKGKKKKRD 

SEQ ID NO:91 
UDP glucuronosyltransferase family 2 member B7 (UGT2B7), accession number: 
NP_001065; Gene: UGT2B7 

MS VKWTSVILLIQLSFCFS S GNCGKVLVWAAEYSHWMNIKTILDELIQRGHEVTVLAS S 
ASILFDPNNSSALKIEIYPTSLTKTELENFIMQQIKRWSDLPKDTFWLYFSQVQEIMSIFGD 
ITRKFCKDVVSNKKFMKKVQESRFD VIFADAIFPCSELLAELFNIPFVYSLS FSPGYTFEK 
HS GGFIFPPS YVPVVMSELTDQMTFMERVKNMIYVLYFDFWFEIFDMKKWD QFYSEVL 
GRPTTLSETMGKADVWLIRNSWNFQFPYPLLPNVDFVGGLHCKPAKPLPKEMEDFVQS 
S GENGVVVFSLGSMVSNMTEERANVIAS ALAQIPQKVLWRFDGNKPDTLGLNTRLYKW 
IPQNDLLGHPKTRAFITHGGANGIYEAIYHGIPMVGIPLFAD QPDNIAHMKARGAAVRVD 
FNTMS STDLLNALKRVINDPS YKENVMKLS RIQHDQPVKPLDAVFWIEFVMRHKGAKH 
LRVAAHDLTWFQYHSLDVIGFLLVCVATVIFIVTKCCLFCFWKFARKAKKGKND 

SEQ ID NO:92 
sodium/bile acid cotransporter (NTCP), accession number: NP_003040; Gene: NTCP 

MEAHNASAPFNFTLPPNFGKRPTDLALS VILVFMLFFIMLSLGCTMEFSKIKAHLWKPKG 
LAIALVAQYGIMPLTAFVLGKVFRLKNIEALAILVCGCSPGGNLSNVFS LAMKGDMNLS I 
VMTTCSTFCALGMMPLLLYIYSRGIYDGDLKDKVPYKGIVISLVLVLIPCTIGIVLKSKRP 
QYMRYVIKGGMIIILLCSVAVTVLS AINVGKSIMFAMTPLLIATSSLMPFIGFLLGYVLS A 
LFCLNGRCRRTVSMETGCQNVQLCSTILNVAFPPEVIGPLFFFPLLYMIFQLGEGLLLIAIF 
WCYEKFKTPKDKTKMIYTAATTEETIPGALGNGTYKGEDCSPCTA 

SEQ ID NO:93 
solute carrier organic anion transporter family member 1B3 (OATP1B3), accession 
number: NP_062818; Gene: OATP1B3 

MDQHQHLNKTAES AS SEKKKTRRCNGFKMFLAALS FS YIAKALGGIIMKISITQIERRFDI 
SSSLAGLIDGSFEIGNLLVIVFVSYFGS KLHRPKLIGIGCLLMGTGSILTSLPHFFMGYYRY 
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SKETHINPSENS TS SLS TCLINQTLSFNGTSPEIVEKDCVKESGSHMWIYVFMGNMLRGIG 
ETPIVPLGISYIDDFAKEGHSSLYLGSLNAIGMIGPVIGFALGSLFAKMYVDIGYVDLSTIR 
ITPKDSRWVGAWWLGFLVSGLFSIISSIPFFFLPKNPNKPQKERKISLSLHVLKTNDDRNQ 
TANLTNQGKNVTKNVTGFFQSLKSILTNPLYVIFLLLTLLQVS SFIGSFTYVFKYMEQQY 
GQSASHANFLLGIITIPTVATGMFLGGFIIKKFKLSLVGIAKFSFLTSMISFLFQLLYFPLICE 
SKS VAGLTLTYDGNNSVASHVD VPLS YCNS ECNCDES QWEPVCGNNGITYLS PCLAGC 
KS S S GIKKHTVFYNCSCVEVTGLQNRNYS AHLGECPRDNTCTRKFFIYVAIQVINSLFS A 
TGGTTFILLTVKIV QPELKALAMGFQSMVIRTLGGILAPIYFGALIDKTCMKWS TNSCGA 
QGACRIYNSVFFGRVYLGLSIALRFPALVLYIVFIFAMKKKFQGKDTKASDNERKVMDE 
ANLEFLNNGEHFVPSAGTDSKTCNLDMQDNAAAN 
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WHAT IS CLAIMED IS: 

1.  An in vitro human liver organoid comprising hepatocytes, 

cholangiocytes and at least two cell types selected from the group consisting of liver 

specific endothelial cells (LSEC), stellate cells, hepatic myofibroblast and hepatoblasts, 

wherein the hepatocytes  

a) express albumin (ALB);  

b) express the hepatocyte markers HNF4a (NCBI: 3172), FAH 

(NCBI: 2184), TAT (NCBI: 6898), GCK (NCBI: 2645), TTR (NCBI: 7276), MET 

(NCBI: 4233), GLUl/MGAM (NCBI: 8972), FAHD2A (NCBI: 51011), HNF1B (NCBI: 

6928), HNF1A (NCBI: 6927), CYP3A4 (NCBI: 1576), CYP2C9 (NCBI: 1559), 

CYP2C19 (NCBI: 1557), CYP1A2 (NCBI: 1544), CYP2E1 (NCBI: 1571), CYP2D6 

(NCBI: 1565), CYP3A7 (NCBI: 1551), CYP1A1 (NCBI: 1543), CYP3A5 (NCBI: 1577), 

CYP27A1 (NCBI: 1593), MRP2 (NCBI:1244), NTCP (NCBI: 6554), OATP1B3 (NCBI: 

28234), UGT2B7 (NCBI: 7364), UGT2B15 (NCBI: 7366), UGT1A1 (NCBI: 54658), 

CEBP (NCBI: 1050), KRT8 (NCBI: 3856), NOTCH2 (NCBI: 4853) and CYP2B6 

(NCBI: 1555); and 

c) do not express the cholangiocyte marker Cytokeratin 7 (CK7); 

wherein the organoids are capable of performing liver functions and 

exhibit a spatially organized structure comprising a core of hepatocytes and peripheral 

bile duct-like structures formed by cholangiocytes around the core of hepatocytes, and 

the hepatocytes are connected by a network of bile canaliculi to the 

cholangiocyte bile duct-like structures. 

2. The liver organoid of claim 1, wherein the cholangiocytes express 

CK7 but do not express albumin (ALB). 

3. The liver organoid of claim 2, wherein the cholangiocytes further 

express a marker selected from CFTR (NCBI: 1080), CK19 (NCBI: 3880), HNF1B 

(NCBI: 6928) or SOX9 (NCBI: 6662). 
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4. The liver organoid of claim 1, wherein the hepatoblasts express at 

least one marker selected from the group consisting of SOX9 (NCBI: 6662), CK19 

(NCBI: 3880), CK18 (NCBI: 3875), HNF4a (NCBI: 3172), PROX1 (NCBI: 5629), 

ONECUT1 (NCBI: 3175), AFP (NCBI: 174), and ALB (NCBI: 213). 

5. The liver organoid of claim 1, wherein the liver specific 

endothelial cells (LSEC) express at least one marker selected from the group consisting 

of CD45, CD80, CD86, CD11c, VAP1, STAB1 and CD31, wherein the CD31 expression 

is mainly in the cytoplasm and not on the cell surface. 

6. The liver organoid of claim 1, wherein the stellate cells express at 

least one marker selected from the group consisting of GFAP, VIM, LHX2, LRAT, 

PDGFRb, HAND2, ICAM-1, VCAM-1, and N-CAM-1. 

7. The liver organoid of claim 1, wherein the hepatic myofibroblast 

express a marker selected from the group consisting of COL1A1 and α-SMA. 

8. The liver organoid of claim 1, wherein the liver organoid 

comprises parenchymal and non-parenchymal cell types that originate from the same 

primary stem cells. 

9. The liver organoid of claim 1, wherein the cells are cultured in 

suspension without the use of extracellular matrices. 

10. The liver organoid of claim 1, wherein the liver functions are 

selected from the group consisting of liver specific metabolic activities, albumin 

secretion, glycogen storage, low density lipo-protein uptake, bile acid production, drug 

metabolism, and cytochrome enzymatic activities. 

11. The liver organoid of claim 1, wherein the spatially organized 

structure comprises endogenous extracellular matrix adhesion molecules. 
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12. The liver organoid of claim 1, wherein the spatially organized 

structure comprises liver parenchymal cells in both the interior and exterior of the 

organoid. 

 

 


