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Abstract

Embryonic stem cells are characterized with two specific properties: self renewal and dif-
ferentiation potential. Embryonic stem cells are pluripotent cells that can be differentiated
into three kind of germ layers; ectoderm, endoderm, mesoderm. These properties make
them ideal for developmental research, toxicology and transplantation in animal model of
human diseases. These cells can be differentiated spontaneously into three germ layer
cells, but in direct differentiation, molecules and growth factors involved in natural devel-
opment of desired cells must well characterized to gain a proper differentiation in vitro.
There are increasing numbers of death because of liver disease and failure of organ
transplantation in our country and the world. This made stem cell scientists to work on
embryonic stem cell differentiation to hepatocyte like cells to create an accessible cell
source in regenerative medicine of liver disease in the future, and also to establish stem
cell derived hepatocyte for in vitro screening of drugs.

In this review we will summarize the process of liver development including molecules
and growth factors incorporate in the liver development as a template for in vitro differ-
entiation of mouse and human embryonic stem cells and then we will discuss the related
studies and techniques for analyzing functionality of differentiated cells.
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Differentiation protocol Analytical Assays Ref
EB Formation, Spontaneous

EB (5days Hanging Drop) ICG (41)
Plate on Gelatin TEM
EB (2days Hanging Drop) In Situe Hybrydizitation (40)
Plate on Gelatin
EB (5days Suspension) ELISA (59)
Plate on Gelatin Testosteron Metabolism Assay

Phenobarbital Iduction Assay
EB (5days Hanging Drop) - (50)
Plate on collagen 1
EB (4days Hanging Drop) FACS (51)
Plate on Uncoated Dish Western Blot for ApoE
EB (5days Hanging Drop) - (50)
Day10:plate on Gelatin
Day20:plate on Collagenl

Growth Factors
EB (5days Suspension) - (60)
Dex 10-"mol/L , ITS 5mg/L
EB (5days Suspension) - (45)
RA :107mol/L
HGF:20ng/ml
NGF:50ng/ml
EB (5days Suspenssion) RIA for ALB & urea (43)
Plate on gelatin Re-culture On day 17
7Days:a FGF(100ng/ml)
4Days:TGF( 20 ng/ml),AFP(20 ng/ml),)HGF :20 ng/ml
4Days:OSM(10 ng/m),Dex(10-7 ng/ml),ITS (5 ng/ml)
EB (2days Hanging Drop) (3days Suspenssion) JNK Activity (46)
Plate on collagen
Day9:aFGF(100 ng/ml)
Day12: HGF(20 ng/ml)
Day15:0SM(10 ng/ml),Dex(107M),ITS (5mg/ml,5mg/m,5 pg/ml)
EB (2days Hanging Drop) Western Blot for ALB (42)
Plate on gelatin Urea Synthesis
Day6:aF GF(20ng/ml, bFGF 10ng/ml)
Day10:HGF (10ng/ml)
Day16:0SM (10 ng/m), Dex (107mol/L), ITS (10pg/ml,5ug/ml,5ng/ml)
EB(4days Suspension) PAS (47)
Plate on matrigel Protein Estimation
a&b FGF(50ng/ml), HGF(20ng/ml), OSM(10ng/ml), 10-5Dex, ITS(1X) Measurement of Enzyme Release Induse by CCL4
EB (5daysHang|ng Drop) FACS (49)
Plate on collagen IV
28days:ITS(1X), hydrocortisone hemisuccinate(10pmol/L), BSA(0.05%), AA(2mmol/L),
NA(10mmol/L), Dex(1umol/L)
Direct Differentiation

3Days:LIF(100U/ml)+RA(10-8 mol/L) TEM (56)
5Days:FGF1(100ng/ml), FGF4(20ng/mI) HGF(50ng/ml)
Replate on collagenl, OSM(10ng/ml)
3Dyas:LIF(100U/ml), RA(10-8 mol/L) Microarray (58)
5Days:FGF1(100 ng/ml), FGF4(20ng/ml), HGF(50ng/ml)
Repate on collagenl, OSM(10ng/ml)
Transplant to CCL4 Model TEM 61)
3weaks:Culture of GFP+ of teratoma in Transferrin(5mg/ml),Hydrocortisone Glucose Production
Hemisuccinate(10 mole), BSA (0.5mg/m), AA(2mmol/L) Ammonia Concentration
2Days: Nicotinamide,Dex,G418
4Days:DMSO 1% Urea Analysis (57)
6Days :NaB 1,2.5,5mM PAS,Glucose,Lactate Measurement
Plate on collagenl Mitochondrial Mass
4Days:DMSO 0.8% Flocytometery (62)
6Days:NaB 2.5Mm PAS
6-12Days: HGF(10ng/ml)
EB then Plate on Fibronectin FACS (63)

PAS

Co-Culture
Nicotinamide(10mM), AA(1mM), Dex, EGF(10ng/ml), ITS(0.5 mg/ml), DMSO(1%) (53)
+cardiac cell Or +fetal liver cell line
EB(2days Hanging Drop) Percoll (44)
13 Days plate on gelatin MACS
15Days:Cultured with Condition Media of 3T3 Cells PAS
2Days:LIF(1000U/ml), RA(10 pM) TEM (55)
2Days:bFGF(20ng/ml), HGF(20ng/ml) Removal of Ammonia
5Days:0OSM(10ng/ml) + Thy -1 Ccells
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Differentiation protocol Analytical Assays Ref
EB Formation & Growth Factors

EB FACS (68)
20Days: a FGF (100ng/ml), bFGF (5ng/ml), HGF (20 ng/

ml), BMP4 (50ng/ml) Or Condition Media of hepatocyte

EB (9 days) FACS, ICG, PAS (76)

Plate on collagen

7Days: aFGF (100ng/ml), FGF4 (10ng/ml)
7Days: HGF (20ng/ml), FGF4 (10ng/m)

14Days: OSM (10ng/ml), Dex (10-7M), ITS (5ug/ml)

EB (4days)

aFGF (10 ng/ml), bFGF(10ng/ml), BMP4(10ng/ml), HGF

(10 ng/ml), OSM (10ng/ml), Dex (10 -7M), ITS

EB (1Day)
7Days:on collagenel then FGF4 & HGF

EB (4days hanging Drop)
18Days :HSM medium

EB (2Days)
3Days:Aactivin A, bFGF
8Days: HGF, DMSO
3Days: Dex

Direct Differentiation

3Days: Activin(100ng/ml)
5Days: FGF4, BMP2
5Days: HGF
5Days:0OSM,Dex

DMSO (1%)
Day7:HCM, HGF (10mg/ml), EGF
Day16: HGF (10ng/ml), OSM(10ng/m)

2Days: Activin (100 ng/ml), NaB(1mM)
7Days: DMSO1%
7Days: HGF (10ng/ml), OSM (20ng/ml)

2D:Activin (100 ng/ml)+wnt3a (50ng/ml)
7D:DMSO1%
7D:HGF (10ng/ml)+OSM (20ng/ml)

5D:Activin (100ng/ml) (RPMI media)
3D:FGF4,HGF,on col1

3D:FGF4,HGF

4D:FGF4,HGF (MM media)
4D:FGF4,HGF,0SM,Dex (HCM media)
5D:FGF4,HGF,0SM,Dex

Flowcytometery, ELISA, PAS, Ureagenesis, (77)
TEM, ICG, LDL uptake

ICG, PAS (79)

Immunoblot, Urea assay , Albumin dot plot, (70)
PROD, ICG

Cell Counting, TEM, ICG, Norternblot (80)

FACS (ASGPR) TEM, Measurment of (81)
Coagulation Factor7 Activity, Metabolic
Activity, Ureagenesis

ELISA, LDL Uptake (74)
ELISA, PAS, ICG, Western (75)
Flocytometry, Western, Plasma Protein, (82)

PAS, Metabolit of Subestra

Flocytometry, Plasma protein:Fibrinogen, (83)
fibronectin, A2M, Albumin,

TBPA,haptoglubin.

Gluconeogenesis, Ureagenesis, ELISA,

Cyp metabolism

Immunoblot, FACS, PAS, ICG, ELISA (78)
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